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Description

[0001] The present invention relates to systems of
compression of pure and non-pure fluids - gaseous, liquid
or liquid-vapour mixtures, hereinafter referred to gener-
ically as "work fluids", performed with rotary vane volu-
metric compressors.

[0002] Rotary vane volumetric compressors are made
up of a rotor which is housed inside slots in the vanes
which, during rotation, exit due to the centrifugal force
and drag on the internal surface of a stator. The vanes
also drag laterally on the covers of the stator.

[0003] Rotor and stator usually have a circular section
yet can have elliptical, lobed shapes, etc. according to
the specific features sought by the manufacturer.
[0004] The work fluid is compressed thanks to the ec-
centricity of the rotor in relation to the stator and to the
reciprocal movement of the two: since the axis of rotation
of the rotor is displaced in relation to the longitudinal axis
of the stator, during rotation the volume of fluid contained
between two adjacent vanes undergoes a decrease, con-
sequently increasing in pressure.

[0005] Reliable operation of a compressor is possible
thanks to the continuous injection of oil inside the com-
pression vanes, each vane being defined between the
external surface of the rotor, the internal surface of the
stator and two adjacent vanes.

[0006] The injection of oil in these types of compres-
sors is essential for creating a film on the surfaces of
contact between stator and apex of the rotary vanes, in
addition to between the covers of the stator and the lateral
surface of said vanes, thus ensuring a lower friction co-
efficientwhich allows wear of the vanes and of the surface
of the stator to be limited, in addition to lowering of the
power dissipated through friction. Through said film the
work fluid is contained inside the compression vane, min-
imising the leaks and the internal recirculation and in-
creasing the volumetric yield. The injection of oil at a tem-
perature lower than that of the work fluid and of the com-
pression vane also allows cooling of said fluid during
compression, increasing the overall yield of the machine.
[0007] The oil injected is discharged together with the
work fluid through the delivery port or ports and is appro-
priately separated by the same. Yet however effective
separation of the oil from the fluid may be, it can never
take place completely so that the compressed work fluid
sent to the phase of use always contains small quantities
of oail.

[0008] Some applications exploit this residual oil to lu-
bricate the instruments fed with the compressed work
fluid, yetin some sectors, such as food, medical and other
special applications, the albeit minimal presence of oil is
not tolerable due to rules on contamination. These ap-
plications are also in addition to the environmental ones
relating to the reduction in air pollution: the particles of
oil, in fact, with a complex chemical composition and def-
initely of the synthesis type, can create situations of pol-
lution of the air, water and soil, in confined and non-con-
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fined areas, with the related environmental damage.
[0009] For these applications the work fluid has to be
compressed without oil (oil-free) with the consequent dis-
advantages: wear of the surfaces of the components in
mutual contact, high forces of friction which produce local
overheating with consequent damage, leaks of work fluid
and low values of volumetric yield of the compressor.
These situations limit the use of oil-free rotary vane vol-
umetric compressors. Albeit with injected oil, moreover,
it is not possible to reach high rotation speeds in that as
they increase, the centrifugal force with which the vanes
are pushed onto the stator increases, to the extent of
destroying the film of oil present and annulling its lubricant
effect. Remembering that the increase in rotation speed
causes an increase in the volumetric and mass flow rate
produced by the compression, on a par with the dimen-
sions of the machine, oil-free applications are intrinsically
characterised by reduced flow rates or in any case re-
stricted by the limits imposed on the rotation speed.
[0010] The object of the present invention is to provide
a vane compressor able to function with and without in-
jection of oil, allowing its use in applications wherein an
oil-free compressed work fluid is required.

[0011] Another object of the presentinvention is to pro-
vide a vane compressor able to function also at high ro-
tation speeds.

[0012] An additional object of the present invention is
to provide a vane compressor with a low degree of wear
between the parts in relative motion and local overheat-
ing due to internal friction.

[0013] These and other aspects are made clearer on
reading a preferred embodiment of the invention, to be
read by way of a non-limiting example of the more general
principle claimed. The following description refers to the
accompany drawings, in which:

- Fig. 1 is the sectioned view of the stator and of the
rotor of a rotary vane volumetric compressor known
in the state of the art.

- Fig. 2 is the sectioned view of the stator and of the
rotor of the rotary vane volumetric compressor ac-
cording to the present invention.

- Fig. 3 is a sectioned view of the detail of the bearing
between stator and rotor according to the present
invention.

- Fig. 4 is a blown-up view of the volumetric compres-
sor according to the present invention.

- Fig.5is a sectioned view of the volumetric compres-
sor according to another embodiment of the present
invention.

[0014] Referring to Fig. 1, the stator 1 is made up of a
hollow cylindrical body made in a usually metal material
with, in its interior, the rotor 2 with a cylindrical shape and
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provided with slots 4 which house in their interior the
vanes 5.

[0015] The rotor 2 rotates around the axis 3, which is
displaced in relation to the central axis of the stator 1.
Said rotation causes the exiting from the slots 4 of the
vanes 5, which go to drag with their distal end on the
internal surface of the stator 1. The volume of the com-
pression vane 6, since the rotor 2 turns anticlockwise,
increases progressively as the vane moves in the aspi-
ration zone A. When the vane enters the compression
zone C, the volume is maximum and, continuing to rotate
anticlockwise, the compression phase starts.

[0016] Once the delivery port 7 has been reached, the
compression vane has minimum volume and conse-
quently the work fluid has maximum pressure. The dif-
ference in pressure between the compression vane and
the conduits downstream of the exit port 7, in addition to
the motion of the vanes, releases the work fluid.

[0017] The compression vane is thus free, once the
aspiration zone A has been reached, to restart a new
cycle.

[0018] Referring to Fig. 2, which shows the vane com-
pressor according to the present invention, there is a roll-
ing bearing 8 of a known type between the stator 9 and
the rotor 10.

[0019] Referring to Fig. 3, the external fifth wheel 11
of the bearing 8 is integral with the stator 9, while the
internal fifth wheel 12 is in contact with the vane 13 of
the rotor 10.

[0020] The rotation of the rotor 10 means that the fin
13, exited due to the centrifugal force, draws with it the
internal fifth wheel 12 of the bearing 8, causing said in-
ternal fifth wheel 12 to rotate in relation to the external
fifth wheel 11. The effect of this relative rotation is a
marked reduction in the dragging between the apex of
the vane 13 and the internal fifth wheel 12: this dragging
would be null if rotor 10 and stator 9 were concentric, but
since the eccentricity of the two components is functional
for achieving compression of the fluid as illustrated pre-
viously, there is a residual dragging proportional only to
the eccentricity of the rotor in relation to the stator and
to the speed of rotation of the rotor.

[0021] In a compressor of the known type such as the
onedescribed in Fig. 1, the speed of dragging of the apex
of the vane is proportional to the distance between the
centre of the rotor 2 and the internal surface of the stator
1, much greater than the distance between the centres
of rotor and stator. Consequently the dragging in a rotary
vane compressor of the known type is distinctly greater
in relation to the dragging in the compressor according
tothe presentinvention. This greatly reduces the problem
of contact between the moving surfaces as regards wear,
surface damage and overheating, allowing functioning
of the compressor without the need for use of oil or other
lubricants, even at high rotation speeds.

[0022] In fact on the contact surfaces between the
vane 13 and the fifth wheel 12 in Figure 3, the speed of
dragging can be estimated from the formula:
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the speed being in m/s if the speed of rotation of the rotor
o is expressed in radians/s and the eccentricity e in m.
It is deduced that the extent is very limited compared to
the typical speed of dragging between apex of the vane
5and stator 1, of the compressor of the known type shown
in Figure 1, given by

v =w-R

r psals

Rpsals being the radius of the apex of the vane in m.
[0023] Referring to Fig. 3, between the external fifth
wheel 11 and the internal fifth wheel 12 a watertight el-
ement of the known type is mounted, so as to avoid leaks
of the work fluid through the gap 14.

[0024] In a second embodiment of the present inven-
tion, should the material of the finish of the internal sur-
face of the fifth wheel 12 not allow adequate sliding of
the vane 13, the positioning is provided of a ring integral
with said fifth wheel 12, not shown here, made in such a
way as to ensure a lower friction coefficient between the
vane 13 and said ring.

[0025] Ascanbe seenin Fig. 4, the bearing 8 is placed
at one end of the stator 9, while another bearing 8’ is
positioned at the opposite end. On the bearings 8 and 8’
the watertight elements 19 and 19’ are present, suitable
for preventing leaks of work fluid. The presence of two
bearings 8, 8 means that the central part of the vanes
13, 13’ is not in contact with any surface. The ends of the
vanes 13, 13’ rest in fact on the internal fifth wheels 12,
12’ of the bearings 8, 8 and said fifth wheels have a
slightly smaller diameter than the diameter of the internal
surface of the stator 9, thus allowing the central part of
the vanes 13, 13’ not to come into contact with said in-
ternal surface.

[0026] This feature means that only the ends of the
vanes 13, 13’ drag, in a limited manner, on the internal
fifth wheels 12, 12’ of the bearings 8, 8’, thus developing
very limited friction and thus restricting the power dissi-
pated.

[0027] The limited wear between sliding parts also al-
lows accurate limitation of the play between the apex of
the vanes 13, 13’ and the internal surface of the stator,
leading to a reduction in the leaks of the work fluid, to a
high volumetric flow rate and a superior yield of the com-
pressor compared to known compressors.

[0028] Referring to Fig. 5, a third embodiment of the
present invention provides for the bearings 14, 14’ to be
placed, instead of on the stator as in the previous em-
bodiments, inside the covers 15, 15°. The vanes 16, 16’
are provided with ends 17, 17’ which are interposed be-
tween the rotor 18 and the internal fifth wheels of said
bearings 14, 14’.
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[0029] Thus avolumetric vane compressor is provided
which does not need the injection of oil, with limited wear
of the parts and the ability to withstand high rotation
speeds.

[0030] Should there be no need for a work fluid com-
pletely free of oil, the integration is provided of an injector
of lubricant of the known type with the present invention,
so as to reduce the friction further and allow even higher
rotation speeds and yields.

Claims

1. Rotary vane volumetric compressor or expander
composed of at least one static component and at
least one mobile component, characterised in that
it comprises at least one rolling bearing (8, 8, 14,
14’) or another equivalent device positioned be-
tween said mobile component and the internal sur-
face of said static component.

2. Rotary vane compressor or expander according to
the previous claim, wherein said static component
is composed of at least one stator (9) and at least
one cover (15, 15’), and said mobile component is
made up of at least one rotor (10,18) and two or more
vanes (13, 13, 16, 16’) sliding inside housings
present on said rotor, characterised in that be-
tween said at least one static component and said
at least one mobile component is positioned at least
one rolling bearing (8, 8’, 14, 14’) or another equiv-
alent device such as to limit the dragging of said two
or more vanes (13, 13’, 16, 16’) in relation to said at
least one static component.

3. Rotary vane compressor or expander according to
the previous claim, characterised in that the exter-
nal fifth wheel (11) of said at least one rolling bearing
(8, 8’) or another equivalent device is integral with
said stator (9) and the internal fifth wheel (12) of said
rolling bearing (8) or another equivalent device is in
contact with the apices of said two or more vanes
(13, 13).

4. Rotary vane compressor or expander according to
claim 2, characterised in that the external fifth
wheel of said at least one rolling bearing (14, 14’) or
another equivalent device is integral with said at least
one cover (15, 15’) and the internal fifth wheel of said
rolling bearing (14, 14’) or another equivalent device
is in contact with the ends (17, 17’) of said two or
more vanes (16, 16’).

5. Rotary vane compressor or expander according to
the previous claims, characterised in that between
said internal fifth wheel of said at least one rolling
bearing (8, 8, 14, 14’) or another equivalent device
and said at least two or more vanes (13, 13’, 16, 16’)
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a ring is positioned, integral with said internal fifth
wheel, so as to guarantee a low friction coefficient
between said at least two or more vanes and said
ring.

Rotary vane compressor or expander according to
any one of the previous claims, characterised in
that said at least one rolling bearing (8) or another
equivalent device is positioned at one end of said
stator (9) and at least one second rolling bearing (8’)
or another equivalent device is positioned at the op-
posite end of said stator (9).

Rotary vane compressor or expander according to
any one of claims 2 to 5, characterised in that said
atleast onerolling bearing (14) or another equivalent
device is positioned inside said at least one cover
(15) placed at one end of said stator, and at least
one second rolling bearing (14’) or another equiva-
lent device is positioned inside at least one second
cover (15’) placed at the opposite end of said stator.

Rotary vane compressor or expander according to
the previous claims, characterised in that between
said external fifth wheel and said internal fifth wheel
of said at least one rolling bearing (8, 8’, 14, 14’) at
least one watertight element (19, 19’) of the known
type is attached.

Rotary vane compressor or expander according to
claim 1, characterised in that it comprises a circuit
for injection of oil or another lubricant, of the known
type.
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