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(54) Rotary compressor with improved working efficiency and relative method

(57)  Arotary compressor (1) comprising at least one
compression chamber provided with an intake air flow
inlet (2) and a delivery air flow or air-oil mixture outlet (3),
means for closure of the intake and a first, high-pressure
chamber (4) of the compressor, also comprising a sec-
ond, low-pressure chamber (6) of the compressor, and

means (8) for selective deviation of said delivery air-oil
mixture or air flow of the compressor to said first, high-
pressure chamber (4) or to said second, low-pressure
chamber (6) of the compressor, and a relative method
for increasing the working efficiency of the rotary com-
pressor (1).
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Description

[0001] Theinventionrelates to the area of air compres-
sors, more particularly the present invention relates to a
rotary compressor with improved working efficiency and
a method for increasing the working efficiency of rotary
air compressors.

[0002] Air compressors of the standard industrial type
are used to supply and maintain a certain pressure value
inside a tank, wherefrom the user machines take air.
When a user machine consumes an appreciable quantity
of pressurised air and the rated value of the pressure in
the tank consequently decreases, the compressor auto-
matically actuates to re-establish the rated pressure val-
ue set. In practice the compressor is subjected to con-
stant transitions from the on load mode of operation to
the off load mode of operation and vice versa, which take
place cyclically even several times an hour. During op-
eration in on load mode the compressor supplies pres-
surised air to the tank and, when the pressure value set
is reached, an electronic or mechanical valve automati-
cally closes the intake channel of the compressor. At this
point the compressor starts to operate in off load mode,
consuming approximately 70% of the power absorbed
during operationin onload mode. This absorption of pow-
er is due to the fact that the rotor of the compressor in
any case continues to rotate and therefore performs com-
pression work. As soon as the intake is closed, in fact,
the compression channel of the rotor closest to the intake
is subjected to a certain degree of vacuum until, having
arrived in the proximity of the delivery manifold, it intakes
air from the delivery manifold in communication with the
chamber of the compressor. The quantity of intake air is
in turn expanded and re-compressed at each turn of the
rotor. The difficulty of this spurious process, known as
re-compression, is on a par with the extent to which a
high pressure is maintained inside the compressor cham-
ber. In order to decrease the absorption of power during
off load operation, modern compressors have a system
of gradual depressurisation of the tank, in pressure equi-
librium with the compressor chamber, in such a way that
the compression ratio that characterises the compressor
in off load operation decreases progressively. With this
system the compressor succeeds after a certain transient
period in absorbing only 25% of the power absorbed in
on load operation, with a considerable energy saving
compared to the initial 70%. This system however has
some limitations: first of all the compressor changes from
100% absorption to approximately 25% absorption grad-
ually, and therefore causes a transient in which consid-
erable energy is still wasted. Moreover, in the case of oil-
lubricated compressors, depressurisation of the air-oil
separation tank from a relative pressure value, for exam-
ple of 7-8 bars, to a relative pressure value of 2-3 bars
also affects the oil injection circuit, and hence the cooling
radiator. This radiator, made in very lightweight sheet
aluminium, undergoes considerable mechanical stress
at each cycle of pressurisation and depressurisation,
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which in the long term could jeopardise its intactness and
proper functioning. The Applicant has developed a com-
pressor able to save energy further, since it is no longer
subject to the current absorption of power typical of air
compressors in off load operation, but instead able to
change instantaneously from 100% absorption of energy
typical of on load operation, to not more than 25% of
absorption typical in off load operation. The Applicant
has also developed a method for increasing the working
efficiency of a rotary compressor thanks to the reduction
in the absorption of power due to re-compression.
[0003] The object of the present invention is therefore
that of providing a rotary air compressor with improved
working efficiency which exceeds the abovementioned
energy saving limits, allowing the immediate reduction in
the power absorbed during operation in off load mode to
no more than 25% of the power absorbed during on load
operation.

[0004] Another object of the present invention is that
of providing a rotary air compressor with improved work-
ing efficiency which maintains the air-oil separation tank
and the oil injection circuit at the rated working pressure
also during operation in off load mode, thus avoiding the
mechanical stress of the oil injection circuit parts due to
the cycles of pressurisation and depressurisation which
could jeopardise durability thereof.

[0005] A further object of the present invention is that
of providing a method for increasing the working efficien-
cy of a rotary compressor, reducing the energy waste
thereof thanks to the immediate drop in absorbed power
during operation in off load mode to no more than 25%
of the power absorbed during operation in on load mode.
[0006] A final yet equally important object of the
present invention is that of providing a method for in-
creasing the working efficiency of a rotary compressor
that can be applied to any type of rotary compressor and
is sufficiently flexible to be able to be adapted to com-
pressors already installed and functioning.

[0007] All these objects are achieved by the rotary
compressor according to the present invention, compris-
ing at least one compression chamber provided with an
intake air flow inlet and a delivery air-oil mixture or air
flow outlet, means for closure of the intake and a first,
high-pressure chamber ofthe compressor, characterised
in thatit also comprises a second, low-pressure chamber
of the compressor, and means for selective deviation of
said delivery air-oil mixture or air flow to said first, high-
pressure chamber or to said second, low-pressure cham-
ber of the compressor.

[0008] According to another aspect of the invention a
method is provided for increasing the working efficiency
of the rotary compressor, characterised in that:

- during operation in on load mode the compression
chamber of the compressor supplies the pressurised
mixture of air solely in the first, high-pressure cham-
ber of the compressor;

- during operation in off load mode the compression
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chamber of the compressor carries out re-compres-
sion by exchanging air with the second, low-pressure
chamber of the compressor.

[0009] The present invention will be made clearer on
reading the following two preferred embodiments of the
rotary compressor, illustrated by way of a non-limiting
example of the more general principle claimed. The de-
scription refers to the accompanying drawings, in which:

Figure 1 shows a diagram of a first preferred embod-
iment of the rotary compressor according to the
present invention;

Figure 2 shows a diagram of a second preferred em-
bodiment of the rotary compressor according to the
present invention;

Figure 3 shows the graph of the pressure trend in
relation to time during a cycle of operation of a tra-
ditional rotary compressor.

Figure 4 shows the graph of the pressure trend in
relation to time during a cycle of operation of a rotary
compressor according to the present invention.

[0010] Figure 1 shows a diagram of a compressor 1
according to the present invention of the rotary and dry
type, i.e. self-lubricated and air-cooled. The compressor
1 intakes air at ambient pressure from the intake 2, and
supplies compressed air at a relative pressure of approx-
imately 7-8 bars from the delivery 3 to a first chamber of
the compressor, which in the example in Figure 1 is the
first, high-pressure tank 4 connected to said delivery 3
via a delivery line 5. The compressor 1 is also provided
with a second chamber of the compressor, which in the
example in Figure 1 is the second, low-pressure tank 6
connected to said delivery 3 via an auxiliary line 7. Down-
stream of the delivery 3 of the compressor 1 and up-
stream of the delivery line 5 and auxiliary line 7 means
for deviation of the delivery air flow are positioned. These
means are a three-way valve 8 whereto both the delivery
line 5 and the auxiliary line 7 are connected. During op-
eration in on load mode of the compressor 1, the three-
way valve 8 keeps the delivery line 5 open and the aux-
iliary line 7 dosed, in such a way that the delivery 3 sup-
plies pressurised air to the first, high-pressure tank 4 until
reaching the rated pressure value set. Once this value
has been reached, a solenoid valve closes in a known
manner the intake 2 of the compressor 1, which from that
time onwards functions in off load mode. At the time of
closure of the intake, the three-way valve 8 closes the
delivery line 5 and opens the auxiliary line 7, so that the
compressor 1 discharges the final quantity of high-pres-
sure air into the second, low-pressure tank 6, which has
a relative pressure value of approximately 1 bar which
does not vary appreciably following the final supply of
high-pressure air received. At this point the compressor
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1 carries out re-compression by immediately exchanging
low-pressure air with said second, low-pressure tank 6.
In this way the energy consumption drops immediately
from the 100% of operation in on load mode to less than
25% in offload mode. Advantageously the pressure in
the second, low-pressure tank is lower than the pressure
that can be obtained after decompression of the high-
pressure tank with the traditional method, so that the
compressor 1 according to the present invention is found
to consume straightaway much less than the traditional
compressor downstream of the depressurisation tran-
sient. When a sufficient quantity of air is taken from the
high-pressure tank 4, the compressor once again returns
to operating in on load mode. The intake 2 is reopened
and simultaneously the three-way valve 8 closes the aux-
iliary line 7 and reopens the delivery line 5, so that the
compressor 1 can supply pressurised air to the high-pres-
sure tank 4. Advantageously the high-pressure tank 4 is
at a pressure value which is still the rated value de-
creased by a delta due to the user.

[0011] Since there has been no depressurisation, the
compressor 1 saves the re-pressurisation work and sup-
plies exclusively that delta of pressure required for re-
establishing the rated value.

[0012] Figure 2 illustrates the diagram of another pre-
ferred embodiment of the compressor according to the
present invention, wherein the identical elements of Fig-
ures 1 and 2 maintain the same reference numerals. The
compressor 1 is of the rotary and oil-lubricated type and
is provided with a first, high-pressure chamber of the
compressor formed by the first, high-pressure air-oil sep-
aration tank 4 and a second, low-pressure chamber
formed by the second, low-pressure air-oil separation
tank 6. The compressor 1 is provided with means for
deviation of the air-oil mixture flow placed downstream
of the delivery 3, in the form of a first three-way valve 8
which opens and closes selectively the delivery line 5
and the auxiliary line 7. The high-pressure separator tank
4 is appropriately connected to a line 9 for recirculation
of the oil at high pressure, provided with a radiator 10 for
the cooling of the oil. Similarly also the second, low-pres-
sure separator tank 6 is connected to a line 11 for recir-
culation of the oil at low pressure, which however does
not need any radiator, for reasons which will be explained
herein below. Both lines for recirculation of the oil at high
and low pressure 9, 11 converge to means for the selec-
tive injection of oil in the compressor 1, which in the ex-
ample in Figure 2 are in the form of a second three-way
valve 12 placed upstream of the injectors, which opens
and closes selectively said lines for recirculation of the
oil at high and low pressure 9, 11. During operation in on
load mode of the compressor 1, the first three-way valve
8 holds the delivery line 5 open and auxiliary line 7 closed,
while the second three-way valve 12 keeps the line 9 for
recicirculation of the oil at high pressure open and the
low pressure one 11 closed. The compressor 1 supplies
pressurised air to the first, high-pressure separator tank
4 until the rated pressure value set is reached, while the
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oil circulates via the line 9 for recirculation of oil at high
pressure and is cooled by the radiator 10. When said first
tank 4 reaches the rated value, the compressor 1 enters
off load operation mode. When the intake 2 is closed in
a known manner, the first three-way valve 8 opens the
auxiliary line 7 and closes the delivery line 5, and simul-
taneously the second three-way valve 12 closes the line
9 for recirculation of the oil at high pressure and opens
the line 11 for recirculation of the oil at low pressure. The
compressor 1 then performs re-compression by imme-
diately exchanging low-pressure air with said second
tank 6. Given that during off load mode operation the
compressor according to the present invention immedi-
ately absorbs less than 25% of the power absorbed in
on load operation mode, the power dissipated in heat is
low and the oil no longer needs to be cooled with a radi-
ator. The second, low-pressure tank 6 separates the air-
oil mixture at a relative pressure of approximately 1-2
bars, a lower pressure value than that which can be ob-
tained after depressurisation with the traditional system.
The compressor according to the present invention in-
stead has a second separator tank 6 wherein the relative
pressure has to be merely sufficient for not allowing vi-
brations of the rotor, which would arise if the relative pres-
sure were close to zero. When in the high-pressure tank
4 the pressure drops below a certain threshold, the com-
pressor 1 starts to function again in on load mode: at the
same moment wherein the intake 2 is opened, the first
three-way valve 8 opens the delivery line 5 and closes
the auxiliary line 7, while the second three-way valve 12
opens the high-pressure recirculation line 9 and closes
the low-pressure one 11. Advantageously, the circuit for
recirculation of oil at high pressure does not undergo any
depressurisation and re-pressurisation cycle, more par-
ticularly the radiator 10, made in thin aluminium, main-
tains approximately the pressure of the high-pressure
tank. This virtually stationary pressure condition avoids
mechanical stresses for the radiator due to the above-
mentioned cycles, and extends durability and good func-
tioning thereof.

Figure 3 shows the graph of the trend of the pressure in
the traditional compressor as a function of time during
an operation cycle. At time t0 the compressor is actuated
and in on load operation mode makes the pressure rise
fast up to the maximum value set PM, which is reached
at time t1. From that time onwards the compressor op-
erates in off load mode and the pressure decreases slow-
ly due to depressurisation of the tank of the compressor
until the pressure Pm is reached, which is approximately
2-3 relative bars. The compressor maintains that pres-
sure until the preset time t2, then de-actuates and the
pressure returns to the ambient value. The interval of
time t2-t1 is preset by the user and changes according
to the applications. The work performed by the compres-
sor is strictly proportional to the pressure inside the com-
pressor and therefore an area L1 of spurious work can
be seen wherein the compressor progressively absorbs
through re-compression and friction from 70% to 25% of
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the power absorbed in on load operation mode, which
can be identified as the sub-area L1’ and wherein the
compressor re-compresses air at the pressure Pm and
absorbs 25% of the power which it absorbs in on load
operation mode which can be identified with the sub-area
L1".

[0013] Figure 4 instead shows a graph like that in Fig-
ure 3 yet relating to the compressor according to the
present invention. It can immediately be seen that the
spurious work L2, in this case, relates to the work of re-
compression at the pressure Pm’ lower than Pm. In other
words there is a total saving of the work of re-compres-
sion relating to the sub-area L1’ of Figure 3, and a con-
siderable reduction in the work of re-compression at low-
er pressure equal to the difference L1 "-L2.

[0014] The presentinvention also relates to a method
for increasing the working efficiency of a generic rotary
compressor, of the type provided with a high-pressure
chamber. This method consists of adding a second, low-
pressure chamber and means for selective deviation of
the delivery flow in the first, high-pressure chamber or
alternatively in the second, low-pressure chamber. The
means for deviation of the flow can be a three-way valve
placed downstream of the delivery. In the case of oil-
lubricated rotary compressors the first chamber will be a
high-pressure air-oil separation tank and the second
chamber will be a low-pressure oil-air separation tank,
both provided with an autonomous oil recirculation line
at high and low pressure respectively. In the case of oil-
lubricated rotary compressors the two high and low-pres-
sure oil recirculation lines converge to means for the se-
lective injection of oil in the compressor. These oil injec-
tion means can be a three-way valve placed upstream
of the oil injectors of the compressor. It is clear that the
principle of operation of the compressor and of the meth-
od according to the present invention is to be understood
in its generality, therefore variations due to the introduc-
tion of technical equivalents or specific applications not
mentioned in the description cannot depart from the
sphere of protection outlined by the following claims.

Claims

1. A rotary air compressor (1) comprising at least one
compression chamber provided with an intake air
flow inlet (2) and a delivery air-oil mixture or air flow
outlet (3), means for the closure of the intake and a
first, high-pressure chamber (4) of the compressor,
characterised in that it comprises atleasta second,
low-pressure chamber (6) of the compressor and
means for selective deviation of said delivery air-oil
mixture or air flow of the compressor to said first,
high-pressure chamber (4) or alternatively to said
second, low-pressure chamber(6) of the compres-
Sor.

2. A compressor (1) according to claim 1, wherein said
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first chamber (4) of the compressor is a high-pres-
sure tank and wherein said at least second chamber
(6) of the compressor is a low-pressure tank.

A compressor (1) according to claim 2, wherein said
high-pressure tank (4) can be connected to said de-
livery (3) of the compressor by means of a delivery
line (5) and wherein said second, low-pressure tank
(6) can be connected to said delivery (3) of the com-
pressor by means of an auxiliary line (7).

A compressor (1) according to claim 3, wherein said
means of deviation of the output flow are formed by
a three-way valve (8) positioned downstream of the
delivery (3) of the compressor, whereto both said
delivery line (5) and said auxiliary line (7) are con-
nected.

A compressor (1) according to claim 4, wherein dur-
ing operation in on load mode said three-way valve
(8) holds the delivery line (5) open and the auxiliary
line (7) closed so that the compressor (1) supplies
air or a pressurised mixture to said first, high-pres-
sure tank (4).

A compressor (1) according to claim 4, wherein dur-
ing the operation in off load mode the three-way valve
(8) closes the delivery line (5) and opens the auxiliary
line (7), in such a way that the compressor (1) per-
forms re-compression by exchanging low-pressure
mixture or air with said second, low-pressure tank

(6).

A compressor (1) according to claim 6, of the oil-
lubricated rotary type, wherein the first chamber of
the compressor is formed by the first, high-pressure
air-oil separation tank (4) and the at least second
chamber of the compressor is formed by the second,
low-pressure air-oil separation tank (6).

A compressor (1) according to claim 7, wherein said
high-pressure separator tank (4) is connected to a
line (9) for recirculation of oil at high pressure and
the second low-pressure separator tank (6) is con-
nected to a line (11) for recirculation of oil at low
pressure.

A compressor (1) according to claim 8, wherein the
lines (9, 11) for recirculation of oil at high and low
pressure converge to means for the selective injec-
tion of oil in the compressor (1).

Acompressor (1) according to claim 9, wherein these
means for the selective injection of oil are at least
one second three-way valve (12) placed upstream
of said lines (9, 11) for recirculation of oil at high and
low pressure.
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11.

12.

13.

14.

A compressor (1) according to claim 10, wherein dur-
ing operation in on load mode the at least second
three-way valve (12) holds the line (9) for recircula-
tion of oil at high pressure open and the line (12) for
recirculation of oil at low pressure dosed, while dur-
ing operation in off load mode said at least second
three-way valve (12) closes the line (9) for recircu-
lation of oil at high pressure and opens the line (11)
for recirculation of oil at low pressure.

A method for increasing the working efficiency of a
rotary compressor (1) as in the preamble of claim 1,
characterised in that there is the addition of at least
one second low-pressure chamber (6) of the com-
pressor and means for selective deviation of the de-
livery flow in the first, high-pressure chamber (4) of
the compressor or alternatively in the at least second
low-pressure chamber (6) of the compressor.

A method according to claim 12, wherein in the case
of oil-lubricated compressors (1) the first, high-pres-
sure chamber (4) and the at least second low-pres-
sure chamber (6) are air-oil separation tanks, pro-
vided with an autonomous line (9, 11) for recircula-
tion of oil at high and low pressure respectively.

A method according to claim 13, wherein said lines
(9, 11) of the recirculation of oil at high and low pres-
sure converge to means for the selective injection of
oil in the compressor (1).
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