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Description
Technical Field

[0001] The subject matter disclosed herein generally
relates to compressors and more specifically to recipro-
cating compressors. In particular, embodiments of the
present disclosure concern double-acting reciprocating
compressors.

Background Art

[0002] Reciprocating compressors are used in several
industrial fields for compressing a gas, in particular when
relatively small gas flow rates require to be compressed
with a high compression ratio.

[0003] Exemplary embodiments of double-acting re-
ciprocating compressors are disclosed in US Pat. N.
7,418,355, US Pat. N. 8,807,959 and in US Pat. N.
8,203,350. A reciprocating compressor comprises a
compressor cylinder forming a cylinder chamber therein.
A piston is arranged in the cylinder chamber and is driven
into reciprocating motion by a prime mover, such as an
electric motor, a turbine or a reciprocating internal or ex-
ternal combustion engine, such as a Stirling engine. A
crankshaft and a connecting rod mechanism converts
the rotary motion of a motor shaft into reciprocating mo-
tion of the piston. The connecting rod is usually drivingly
coupled to the piston through a cross-head and a piston
rod.

[0004] A valve arrangement provides for gas delivery
into the cylinder chamber and gas discharge from the
cylinder chamber. In double-acting reciprocating com-
pressors the piston divides the cylinder chamber into a
first compression chamber and a second compression
chamber. At least one suction valve and one delivery
valve are fluidly coupled to the first compression cham-
ber, and at least a further suction valve and a further
delivery valve are fluidly coupled to the second compres-
sion chamber. The reciprocating motion of the piston in
the cylinder chamber causes gas to be sucked in one of
the compression chambers through the respective suc-
tion valve, while gas is compressed in the other compres-
sion chamber and discharged through the respective de-
livery valve, when a delivery pressure is achieved at
which the delivery valve is opened.

[0005] Suction valves and delivery valves are usually
automatic valves, which automatically open and close in
response to a pressure differential thereacross.

[0006] The suction valves are fluidly coupled to aninlet
plenum, which feeds gas at a lower pressure to the cyl-
inder chamber. The delivery valves are in turn fluidly cou-
pled to a discharge plenum, which collects gas at a higher
pressure from the cylinder chamber.

[0007] Fig.1 illustrates a double-acting reciprocating
compressor 100 of the current art. The compressor 100
comprises a compressor head 101, a compressor frame
102 and a distance piece 103, which connects the com-
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pressor head 101 to the compressor frame 102. A crank-
shaft 104 is arranged in the compressor frame 102. The
crankshaft 104 rotates around a rotation axis 106. A
prime mover, not shown, drives the crankshaft 104 into
rotation. A connecting rod 108 transmits the motion from
the crankshaft 104 to a crosshead 110, which moves
reciprocatingly in a crosshead guide 112. A piston rod
114 connects the crosshead 110 to a piston 116, which
is adapted to reciprocatingly slide in a chamber 118 of a
compressor cylinder 120. The piston 116 divides the
chamber 118 in a first compression chamber and a sec-
ond compression chamber. In some embodiments, the
first and second compression chambers can be a head-
end chamber 118A, and a crank-end chamber 118B. A
process gas is selectively sucked into each one of said
head-end and crank-end chambers 118A, 118B at a low-
er pressure (suction pressure), compressed and dis-
charged at a higher pressure (delivery pressure). Said
head-end chamber 118A and crank-end chamber 118B
are provided each with at least one suction valve and
one delivery valve. The suction, compression and dis-
charge process is performed alternatively in the two
chambers, i.e. when gas is sucked into one of the head-
end chamber 118A and crank-end chamber 118B, gas
in the other of said head-end chamber 118A and crank-
end chamber 118B is compressed and discharged.
[0008] Suction valves 122 of both crank-end chamber
118B and head-end chamber 118A are fluidly coupled
to an inlet plenum 126, which is in turn fluidly coupled to
a gas source 128. Delivery valves 124 of both crank-end
chamber 118B and head-end chamber 118A are fluidly
coupled to a discharge plenum 130, which is in turn fluidly
coupled to a gas output 134. The inlet plenum 126 and
the discharge plenum 130 are both formed in a barrel
132, which in turn forms a cylindrical side wall of the
chamber 118. The gaseous flow through the inlet plenum
126 and the discharge plenum 130 and respective suc-
tion valves and delivery valves is complex and involves
sharp bends due to the position of the valves inrespective
valve seats formed in the barrel 132. Specifically, gas
enters the valve seats in a direction orthogonal to the
axial direction of the valves, such that the gas flow turns
by 90° when flowing from the inlet plenum into the suction
valves and when flowing from the delivery valves into the
discharge plenum.

[0009] Cooling ducts 136 are further provided in the
barrel 132.
[0010] Theneedtoprovideinletplenum,discharge ple-

num, valve seats and cooling ducts therein, makes the
barrel 132 a quite complex and expensive piece of ma-
chinery, which must be manufactured by iron or steel
casting. Casting of complicated components is time con-
suming and may frequently lead to scraps.

[0011] The shape of the inlet plenum and discharge
plenum is restricted by the structure of the barrel. Me-
chanical constraints result in suboptimal fluid-dynamic
design of the gas inlet and discharge plenums, which in
turn causes fluid-dynamic losses and reduction of the
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overall efficiency of the compressor.

[0012] Also, cooling of the compressor head is ineffi-
cient and manufacturing of the cooling ducts is rendered
complicated by the combined presence of valve seats,
plenums and cooling arrangements in the barrel.
[0013] GB1367164 discloses a double acting recipro-
cating compressor, wherein both the crank-end chamber
and the head-end chamber of the compressor are pro-
vided with multiple suction valves and discharge valves.
The suction valves connecting the low-pressure gas
source to the respective chamber are connected to one
another by a suction plenum which surrounds annularly
the compressor barrel. Similarly, the discharge valves
connecting the high-pressure gas source to the respec-
tive chamber of the compressor are fluidly coupled to one
another by a discharge plenum which annularly sur-
rounds the compressor barrel.

[0014] CN104747405 discloses a double-acting recip-
rocating compressor, wherein each one of the crank-end
chamber and head-end chamber of the compressor is
provided with two suction valves and two discharge
valves, respectively. The pair of suction valves associat-
ed to the crank-end chamber are fluidly coupled to a re-
spective suction plenum. The two plenums connected to
the suction valves of the head-end chamber and crank-
end chamber are in turn coupled to a suction duct. Sim-
ilarly, the two plenums connected to the discharge valves
of the head-end chamber and crank-end chamber are in
turn coupled to a discharge duct.

[0015] Both the above mentioned plenum configura-
tions have a limited fluid-dynamic efficiency and are com-
plex to manufacture.

[0016] A need therefore exists, for improvements in
the design of reciprocating compressors, in particular
double-acting reciprocating compressors, in order to
solve or alleviate one or more of the drawbacks of the
compressors of the current art.

Summary

[0017]
claims.
[0018] Accordingto one aspect, the presentdisclosure
concerns a manufacturing method for manufacturing a
cylinder for a reciprocating compressor. The method
comprises a step of manufacturing a compressor barrel
comprised of a cylinder chamber, a first suction valve
seat, fluidly coupled to the cylinder chamber through a
respective first gas suction port; and a first delivery valve
seat, fluidly coupled to the cylinder chamber through a
respective first gas delivery port. The method further
comprises the step of manufacturing by additive manu-
facturing a gas inlet plenum and further manufacturing
by additive manufacturing a gas discharge plenum, sep-
arately from the compressor barrel.

[0019] Thegasinletplenumand the gasdischarge ple-
num can be attached around the compressor barrel in
fluid communication with the gas suction port and the

The invention is set out in the appended set of
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gas delivery port. The gas inlet plenum and the gas dis-
charge plenum can thus be designed according to opti-
mization criteria, to minimize the gas pressure losses
along the gas path, without being subjected to mechan-
ical constraints imposed by the shape of the compressor
barrel.

[0020] According to a further aspect, a reciprocating
compressoris disclosed, comprising a compressor barrel
with a cylinder chamber therein and a piston, adapted
for reciprocatingly sliding in the cylinder chamber. The
compressor further comprises a first suction valve fluidly
coupled to the cylinder chamber and a first delivery valve
fluidly coupled to the cylinder chamber. Furthermore, the
compressor comprises a gas inlet plenum fluidly coupled
to the first suction valve and a gas discharge plenum
fluidly coupled to the first delivery valve. The gas inlet
plenum and the gas discharge plenum are produced by
additive manufacturing and are mechanically connected
to the compressor barrel and external thereto.

[0021] Features and embodiments are disclosed here
below.
[0022] The above brief description sets forth features

of the various embodiments of the present invention in
order that the detailed description that follows may be
better understood and in order that the present contribu-
tions to the art may be better appreciated. There are, of
course, other features of the invention that will be de-
scribed hereinafter.

[0023] In this respect, before explaining several em-
bodiments of the invention in details, itis understood that
the various embodiments of the invention are not limited
in their application to the details of the construction and
to the arrangements of the components set forth in the
following description or illustrated in the drawings. The
invention is capable of other embodiments and of being
practiced and carried out in various ways. Also, it is to
be understood that the phraseology and terminology em-
ployed herein are for the purpose of description and
should not be regarded as limiting.

[0024] As such, those skilled in the art will appreciate
that the conception, upon which the disclosure is based,
may readily be utilized as a basis for designing other
structures, methods, and/or systems for carrying out the
several purposes of the present invention.

[0025] The scope of the present invention is limited
solely by the scope of the appended claims.

Brief Description of the Drawings

[0026] A more complete appreciation of the disclosed
embodiments of the invention and many of the attendant
advantages thereof will be readily obtained as the same
becomes better understood by reference to the following
detailed description when considered in connection with
the accompanying drawings, wherein:

Fig.1 illustrates a sectional view of a double-acting
reciprocating compressor of the current art;
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Fig.2 illustrates a sectional view of a double-acting
reciprocating compressor according to an embodi-
ment of the present disclosure;

Fig.3 illustrates a sectional view taken along the line
II-111 of Fig.2;

Fig.4 illustrates a flowchart summarizing manufac-
turing methods according to the present disclosure.

Detailed description

[0027] The following detailed description of the exem-
plary embodiments refers to the accompanying draw-
ings. The same reference numbers in different drawings
identify the same or similar elements. Additionally, the
drawings are not necessarily drawn to scale. Also, the
following detailed description does not limit the invention.
Instead, the scope of the invention is defined by the ap-
pended claims.

[0028] Reference throughout the specification to "one
embodiment" or "an embodiment" or "some embodi-
ments" means that the particular feature, structure or
characteristic described in connection with an embodi-
mentisincluded in atleast one embodiment of the subject
matter disclosed. Thus, the appearance of the phrase "in
one embodiment” or "in an embodiment” or "in some em-
bodiments"in various places throughout the specification
is not necessarily referring to the same embodiment(s).
Further, the particular features, structures or character-
istics may be combined in any suitable manner in one or
more embodiments.

[0029] The exemplary reciprocating compressors dis-
closed herein alleviate or solve the drawbacks and limi-
tations of the prior art by separating the gas inlet plenum
and gas discharge plenum from the compressor barrel.
The design of both the gas inlet plenum and the gas dis-
charge plenum can thus be optimized from a fluid-dy-
namic and acoustic perspective, since less mechanical
constraints are present. The shape of the inlet plenum
and discharge plenum do not have to conform to the
shape of the barrel, the cooling ducts and valve seats
housed therein. By producing the gas inlet plenum and
the gas discharge plenum by additive manufacturing, a
higher degree of freedom in shaping the plenum and var-
ious sections thereof is achieved.

[0030] The orientation of the inlet plenum and dis-
charge plenum with respect to the position of the suction
valves and delivery valves can be optimized. More space
is available in the wall of the barrel to accommodate the
valve seats and the cooling ducts. Also the shape of the
cooling ducts can be ameliorated from the point of view
of heat exchange efficiency, as well as from the point of
view of machining.

[0031] The barrel can be more easily manufactured
and less expensive production techniques, rather than
iron or steel casting, can be used. For instance, the barrel
can be manufactured by forging or centrifugal casting,
which makes the overall manufacturing process quicker,
less expensive and less prone to generate scraps.
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[0032] Since the gas inlet plenum and gas discharge
plenum are produced by additive manufacturing, optimal
design can be achieved, which resultin reduction of fluid-
dynamic losses in the inlet and discharge gas flows.
[0033] While the compressor structure and the manu-
facturing processes disclosed herein can be beneficial
also for the production of single-acting reciprocating com-
pressors, they are particularly beneficial for the produc-
tion of double-acting reciprocating compressors, where
the shape of the gas inlet plenum and gas discharge ple-
num is particularly complex due to the higher number of
suction valves and delivery valves provided at both ends
of the compressor barrel.

[0034] Adouble-acting reciprocatingcompressor com-
prises a cylinder comprised of a compressor barrel and
a cylinder chamber formed in the barrel. The cylinder
chamber is divided in a so-called head-end chamber and
a so-called crank-end chamber by a piston, arranged for
reciprocatingly sliding therein. The head-end chamber is
fluidly coupled to a first suction valve through a first gas
suction port and to a first delivery valve through a first
gas delivery port. The crank-end chamber is fluidly cou-
pled to a second suction valve through a second gas
suction port and to a second delivery valve through a
second gas delivery port.

[0035] Thus,the double-acting reciprocating compres-
sor is adapted to suck gas in one of the crank-end cham-
ber and head-end chamber through the respective suc-
tion valve, while gas is compressed in the other of the
crank-end chamber and head-end chamber and finally
delivered through the respective delivery valve.

[0036] Each crank-end chamber and head-end cham-
ber can be fluidly coupled to more than one suction valve
and one delivery valve. For instance, two respective suc-
tion valves and two respective delivery valves can be
fluidly coupled to each one of said head-end chamber
and crank-end chamber, to maximize gas flow and min-
imize head losses.

[0037] The larger the number of suction valves and
delivery valves, the more beneficial the use of gas inlet
plenum and gas discharge plenum manufactured sepa-
rately from the compressor barrel, as this gives more
freedom in shaping the gas ducts in the gas inlet and
discharge plenums, and imposes less space and me-
chanical constraints.

[0038] All suction valves can be fluidly coupled to a
single gas inlet plenum. All delivery valves can be fluidly
coupled to a single gas discharge plenum.

[0039] In particularly advantageous embodiments,
each suction valve and delivery valve is fluidly coupled
to a central portion or volume of the respective plenum
by an independent, i.e. separate duct. Each duct can be
designed independently of the other ducts of the respec-
tive plenum, for optimal fluid-dynamic performance and
improved acoustic behavior, i.e. reduced pressure waves
in the duct. While in some reciprocating compressors of
the current art this achieved, for instance, by providing
resonators coupled to each valve, which introduce fluid-
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dynamic losses in the gas flow, designing each duct sep-
arately from the other achieves improvements in acoustic
conditions in the gas flow, without negatively affecting
the fluid-dynamic efficiency of the compressor.

[0040] The suction valves and the delivery valves can
be automatic valves, which open and close responsive
to a pressure difference thereacross.

[0041] The piston can be connected to a rotary crank-
shaft trough a connecting rod. Large reciprocating com-
pressors, especially double-acting reciprocating com-
pressors as disclosed herein are further provided with a
piston rod and a crosshead. The piston, the piston rod
and the cross-head are controlled according to a recip-
rocating rectilinear motion imparted to the crosshead by
the rotary crankshaft and the connecting rod.

[0042] Turning now to the drawings, Fig.2 illustrates a
schematic sectional view of a cylinder and relevant com-
ponents of a double-acting reciprocating compressor 1
according to the present disclosure in one embodiment.
The section is taken along the axis of the reciprocating
compressor cylinder.

[0043] According to embodiments disclosed herein,
the compressor 1 can comprise a compressor head 3, a
compressor frame 5 and a distance piece 7, which con-
nects the compressor head 3 to the compressor frame
5. The compressor head 3 contains the compression
chamber, as will be described below.

[0044] A crankshaft 9 is arranged in the compressor
frame 5 for rotation around a shaft axis 9A. A prime mov-
er, not shown, drives the crankshaft 9 into rotation around
the axis 9A. The prime mover can be a reciprocating in-
ternal combustion engine, such as a Diesel engine. In
other embodiments, the prime mover can be a recipro-
cating external combustion engine, such as a Stirling en-
gine. The reciprocating compressor 1 can also be driven
by a gas turbine engine, by a steam turbine, or by an
electric motor, for instance.

[0045] A connecting rod 11 connects the crankshaft 9
to a crosshead 13. The crosshead 13 is guided along
cross-head guides 15 housed in the frame 5. The rotation
motion of the crankshaft 9 (arrow f9) is thus converted
into a reciprocating motion of the crosshead 13 (arrow
f13). A piston rod 17 connects the crosshead 13 to a
piston 19, which is adapted to reciprocatingly slide in a
chamber 21 of a compressor barrel 18. The piston 19
divides the chamber 21 in two compression chambers,
namely a head-end chamber 21A, and a crank-end
chamber 21B.

[0046] One or more respective suction valves are pro-
vided to fluidly connect the head-end chamber 21A and
the crank-end chamber 21B selectively with a gas inlet
plenum 20. One or more respective delivery valves are
further provided to fluidly connect the head-end chamber
21A and the crank-end chamber 21B selectively with a
gas discharge plenum 22.

[0047] The gas inlet plenum 20 is fluidly coupled to a
low-pressure gas source 31, and the gas discharge ple-
num 22 is fluidly coupled to a high-pressure gas source

10

15

20

25

30

35

40

45

50

55

33.

[0048] In the sectional view of Fig. 2 a single gas suc-
tion valve for each chamber 21A, 21B and a single gas
delivery valve for each chamber 21A, 21B are visible. A
plurality of such gas suction valves and gas delivery
valves can be provided for each one of said head-end
chamber 21A and crank-end chamber 21B. Specifically
in the sectional view of Fig. 2 a first gas suction valve
23A is shown for fluidly connecting the head-end cham-
ber 21A with the gas inlet plenum 22 and a second gas
suction valve 23B is shown for fluidly connecting the
crank-end chamber 21B to the gas inlet plenum 22. Sim-
ilarly, a first gas delivery valve 25A is provided for fluidly
connecting the head-end chamber 21A with the gas dis-
charge plenum 25 and a second gas delivery valve 25B
is shown for fluidly connecting the crank-end chamber
21B to the gas discharge plenum 22.

[0049] In the cross-sectional view of Fig.3 a total of
four gas valves, namely two gas suction valves and two
gas delivery valves, are shown in fluid communication
with the head-end side chamber 21A. A similar arrange-
ment is provided for the crank-end chamber 21B.
[0050] In other embodiments, not shown, a different
number of valves can be provided for each chamber.
[0051] The gas suction valves 23A, 23B and the gas
delivery valves 25A, 25B can be automatic valves, i.e.
valves which automatically open and close in response
to a pressure differential thereacross.

[0052] Asknown, the reciprocating motion of the piston
19 according to double arrow f19 causes gas to be
sucked through gas suction valves 23A, 23B from the
gas inlet plenum 20 in the head-end chamber 21A and
in the crank-end chamber 21B, selectively. Simultane-
ously, gas is compressed is selectively compressed in
the crank-end chamber 21B and in the head-end cham-
ber 21A and discharged through the gas delivery valves
25B, 25A in the discharge plenum 22.

[0053] The gas suction valves 23A, 23B and the gas
delivery valves 25A, 25B can be housed in respective
valve seats schematically shown at 27A, 27B for the gas
suction valves 23A, 23B and at 29A, 29B for the gas
delivery valves 25A, 25B, see also Fig.3. The valve seats
27A, 27B are in fluid communication with the respective
head-end chamber 21A and crank-end chamber 21B
through respective gas suction ports 30 (Fig.3). The valve
seats 29A, 29B are in fluid communication with the re-
spective head-end chamber 21A and crank-end chamber
21B through respective gas delivery ports 32 (Fig.3).
[0054] The valve seats 27A, 27B and 29A, 29B are
arranged in the compressor barrel 18, develop along the
thickness thereof and have respective gasinlet apertures
34 and gas outlet apertures 36 on the outer surface of
compressor barrel 18.

[0055] The gas inlet plenum 20 and the gas discharge
plenum 22 are mounted on the outer surface of the com-
pressor barrel 18. The gas inlet plenum 20 can be pro-
vided with a total number of gas inlet ducts 20A equal to
the total number of suction valves 23A, 23B of the com-
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pressor head 3. The separate and independent gas ducts
20A depart from a central volume 20B of the gas inlet
plenum 20 and extend to the compressor barrel 18, and
more specifically towards the relevant suction valves
23A, 23B of both the crank-end and head-end of the com-
pressor. The separate suction ducts 20A provide inde-
pendent fluid coupling between the central common vol-
ume 20B and each suction valve 23A, 23B at both the
crank-end side and head-end side of the reciprocating
compressor.

[0056] The gas discharge plenum 22 can in turn be
comprised of a total number of gas ducts 22A equal to
the total number of delivery valves 25B of the compressor
head 3. The separate and independent gas discharge
ducts 22A depart from the barrel 18, and more specifically
from the respective discharge valves of both the crank-
end and head-end of the compressor, and extend to-
wards a central volume 22B of the discharge plenum 22.
The separate discharge ducts 22A provide independent
fluid coupling between the central common volume 22B
and each delivery valve 25A, 25B at both the crank-end
side and head-end side of the reciprocating compressor.
[0057] With the above described configuration of the
gas inlet plenum 20 and gas discharge plenum 22, each
separate duct 20A and 22A can be designed and dimen-
sionedindependently of the otherducts. Itis thus possible
to ameliorate the fluid flow conditions and reduce fluid-
dynamiclosses for each valve and thus improve the over-
all efficiency of the compressor.

[0058] Acoustic resonance phenomena can be better
controlled and reduced or eliminated by adapting the
length of each duct to the expected operating conditions
of each valve, independently from the other valves of the
compressor, withoutresorting to resonators in the suction
or delivery ducts, which would negatively affect the fluid
dynamic performances of the compressor.

[0059] These advantages are particularly beneficial in
double-acting reciprocating compressors, where differ-
ent flow and resonance conditions may be present at the
crank-end and head-end of the compressor.

[0060] Thearrangementofthe gas ports and apertures
of the gas discharge plenum 22, the gas inlet plenum 20
and the valve seats 27A, 27B, 29A, 29B is such that gas
flows in a substantially axial direction from the gas outlet
20A of the gas inlet plenum 20 towards and through the
valve seats 27A, 27B and the respective gas suction
valves 23A, 23B. Moreover, the gas flows in a substan-
tially axial direction through the gas delivery valves 25A,
25B, the valve seats 29A, 29B towards the gas ports 22A
of the gas discharge plenum 22.

[0061] The term "axial direction" as used herein can
be understood as a direction substantially parallel to an
axial extension of the gas suction valves 23A, 23B and
gas delivery valves 25A, 25B, along which the gas flows
through the respective valves.

[0062] By arranging the gas inlet plenum 20 and the
gas discharge plenum 22 outside the barrel 18, the gas
flow is optimized, since no sharp 90° bent is required for
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the gas upon entering the valve seats. The gas inlet ple-
num 20 and the gas discharge plenum 22 can be de-
signed with a higher degree of freedom, as they do not
require to be housed in the reduced space available with-
in the thickness of the compressor barrel, as in the re-
ciprocating compressors of the current art. The shape of
the inner gas passages in the gas inlet plenum 20 and
gas discharge plenum 22 can be optimized for reduced
pressure losses.

[0063] In addition, manufacturing of the barrel 18 is
made simpler. As a matter of fact, the barrel 18 can have
asimple cylindrical shape, and can be obtained by forging
or centrifugal casting. The valve seats 27A, 27B and 29A,
29B can be produced by simple machining through the
cylindrical wall of the semi-finished barrel 18.

[0064] Additionally, cooling ducts 38 (Fig.3) canbe pro-
vided in the semi-finished barrel 18. In some embodi-
ments, the cooling ducts 38 extend parallel to the barrel
axis, i.e. parallel to the direction of the reciprocating mo-
tion of the piston 19 in the chamber 21, as shown in Fig.
3. Machining of the cooling ducts 38 is simple and inex-
pensive, if compared to the manufacturing of complex
cooling ducts in the barrels of the current art.

[0065] In other embodiments, the valve seats 27A,
27B, 29A, 29B and/or the cooling ducts 38 can be pro-
duced during casting.

[0066] According to some embodiments, the cooling
ducts and/or the valve seats are produced by chip-re-
moval machining.

[0067] The gas inlet plenum, or the gas discharge ple-
num or both are manufactured by additive manufacturing.
This manufacturing technique allows the production of
components having a complex shape at low cost. The
shape of the gas flow paths inside the gas inlet plenum
and the gas discharge plenum can be designed such as
to achieve optimum flow conditions and minimize losses.
Additive manufacturing allows production of flow ducts
of substantially any shape, no matter how complex they
are. The additive manufacturing process can be selected
from the group comprising: Selective Laser Sintering
(SLS), Powder bed fusion (PBF), Selective Laser Melting
(SLM), Direct Metal Laser Sintering (DMLS), Electron
Beam Melting (EBM), Multi Jet Fusion (MJF).

[0068] Boththegasinletplenumandthe gasdischarge
plenum can be manufactured as a single, monolithic
piece of machinery, without the need for connecting to
one another two or more elements, e.g. by soldering,
welding, screwing or the like. The resulting single-piece
monolithic plenum meets higher quality standards. Pro-
duction of scraps or defective components is prevented
or limited. The manufacturing process is faster and re-
quires less manufacturing skill.

[0069] The gas inlet plenum 20 and the gas discharge
plenum 22 can be mounted around the compressor barrel
18 and coupled thereto.

[0070] Connecting flanges 34A, 36A (Fig.3) are pro-
vided around each inlet aperture 34 and each outlet ap-
erture 36. The flanges can be connected to the compres-
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sor barrel 18 e.g. by means of screws, such that the gas
inlet plenum and the gas discharge plenum can be easily
disassembled from the compressor barrel 18, e.g. in or-
der to repair or replace the suction valves and delivery
valves, as required.

[0071] While the disclosed embodiments of the subject
matter described herein have been shown in the draw-
ings and fully described above with particularity and detail
in connection with several exemplary embodiments, it
will be apparent to those of ordinary skill in the art that
many modifications, changes, and omissions are possi-
ble without materially departing from the novel teachings,
the principles and concepts set forth herein.

[0072] In addition, the order or sequence of any proc-
ess or method steps may be varied or re-sequenced ac-
cording to alternative embodiments. Hence, the scope
of the present invention is limited solely by the scope of
the appended claims.

Claims

1. A manufacturing method for manufacturing a cylin-
der for a reciprocating compressor (1); said method
comprising the following steps:

manufacturing a compressor barrel (18) com-
prising a cylinder chamber (21), a first suction
valve seat (27A), fluidly coupled to the cylinder
chamber (21) through a respective first gas suc-
tion port (30); and a first delivery valve seat
(29A), fluidly coupled to the cylinder chamber
(21) through a respective first gas delivery port
(32);

manufacturing a gas inlet plenum (20) and fur-
ther manufacturing a gas discharge plenum
(22), separately from the compressor barrel
(18);

characterized by the gas inlet plenum (20) and
the gas discharge plenum (22) being manufac-
tured by additive manufacturing; and
connecting flanges (34A, 36A) are provided
around each inlet aperture (34) and each outlet
aperture (36) of the gas inlet plenum (20) and
the gas discharge plenum (22) and connected
to the compressor barrel (18).

2. The manufacturing method of claim 1, further com-
prising the steps of: mounting a first suction valve
(23A) in said first suction valve seat (27A); mounting
a first delivery valve (25A) in said first delivery valve
seat (29A); and mounting the gas inlet plenum (20)
and the gas discharge plenum (22) on the compres-
sor barrel (18) and in fluid communication with the
first suction valve seat (27A) and the first delivery
valve seat (29A), respectively.

3. The manufacturing method of claim 1 or 2, wherein
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the compressor barrel (18) comprises: a second suc-
tion valve seat (27B), fluidly coupled to the cylinder
chamber(21)through a second gas suction port (30),
and a second delivery valve seat (29B), fluidly cou-
pled to the cylinder chamber (21) through a respec-
tive second gas delivery port (32); wherein the gas
inlet plenum (20) is configured to provide fluid com-
munication with the first suction valve seat (27A) and
the second suction valve seat (27B); wherein the gas
discharge plenum (22) is configured to provide fluid
communication with the first delivery valve seat
(29A) and the second delivery valve seat (29B);
wherein the first suction valve seat (27A) and the
firstdelivery valve seat (29A) are arranged proximate
to a head end of the cylinder chamber (21); and
wherein the second suction valve seat (27B) and the
second delivery valve seat (29B) are arranged prox-
imate to a crank shaft end of the cylinder chamber
(21).

The method of any one of the preceding claims,
wherein the inlet plenum (20) comprises a central
common volume (20B) wherefrom one separate suc-
tion duct (20A) for each suction valve (23A) extends,
each separate suction duct (20A) providing inde-
pendent fluid coupling between the respective suc-
tion valve (23A) and the central common volume
(20B) of the inlet plenum (20).

The method of any one of the preceding claims,
wherein the discharge plenum (22) comprises a cen-
tral common volume (22B) wherefrom one separate
discharge duct (22A) for each delivery valve (25A)
extends, each separate discharge duct (22A) pro-
viding independent fluid coupling between the re-
spective deliver valve (25A) and the central common
volume (22B) of the discharge plenum (22).

The method of claim 3 or 4 or 5, further comprising
the steps of: mounting a respective suction valve
(23A) in the first suction valve seat (27A) and in the
second suction valve seat (27B); mounting a respec-
tive delivery valve (25A) in the first delivery valve
seat (29A) and in the second delivery valve seat
(27B); mounting the gas inlet plenum (20) on the
compressor barrel (18) and in fluid communication
with the first suction valve seat (27A) and the second
suction valve seat (27B); mounting the gas discharge
plenum (22) on the compressor barrel (18) and in
fluid communication with the first delivery valve seat
(29A), and second delivery valve seat (29B).

The method of one or more of the preceding claims,
wherein the compressor barrel (18) is provided with
cooling ducts (38) extending substantially parallel to
an axial extension of said compressor barrel (18).

The method of claim 1, further comprising the follow-
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ing steps:

mounting a first suction valve (23A) in the first
suction valve seat (27A) provided in the com-
pressor barrel (18) and fluidly coupled through
the first gas suction port (30) to the cylinder
chamber (21) arranged in the compressor barrel
(18);

mounting a first delivery valve (25A) in the first
delivery valve seat (29A) provided in the com-
pressor barrel (18) and fluidly coupled to the cyl-
inder chamber (21) through the first gas delivery
port (32);

mounting the gas inlet plenum (20) on the com-
pressor barrel (18) and in fluid communication
with the first suction valve seat (27A);
mounting the gas discharge plenum (22) on the
compressor barrel (18) and in fluid communica-
tion with the first delivery valve seat (29A).

9. Themethod of claim 8, further comprising the follow-

ing steps:

mounting a second suction valve (23B)in a sec-
ond suction valve seat (27B) provided in the
compressor barrel (18) and fluidly coupled
through a second gas suction port (30) to the
cylinder chamber (21);

mounting a second delivery valve (25B)in a sec-
ond delivery valve seat (29B) provided in the
compressor barrel (18) and fluidly coupled to the
cylinder chamber (21) through a second gas de-
livery port (32);

mounting the gas inlet plenum (20) in fluid com-
munication with second suction valve seat
(27B), and mounting the gas discharge plenum
(22) in fluid communication with the second de-
livery valve seat (29B);

wherein a piston (116) is arranged in the cylinder
chamber (21), the piston (116) dividing the cylinder
chamber (21) in a head-end chamber (118A) and a
crank-end chamber (118B), respectively; and
wherein the first suction valve (23A) and the first de-
livery valve (25A) are in fluid communication with the
head-end chamber (118A), and the second suction
valve (23B) and the second delivery valve (25B) are
in fluid communication with the crank-end chamber
(118B).

10. A reciprocating compressor (1) comprising:

- a compressor barrel (18) with a cylinder cham-
ber (21) therein;

- a piston (116), adapted for reciprocatingly slid-
ing in the cylinder chamber (21);

- a first suction valve (23A) fluidly coupled to the
cylinder chamber (21);
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1.

12.

13.

14.

- a first delivery valve (25A) fluidly coupled to
the cylinder chamber (21);

- characterized by a gas inlet plenum (20) flu-
idly coupled to the first suction valve (23A); said
gas inlet plenum (20) being made by additive
manufacturing; and

- a gas discharge plenum (22) fluidly coupled to
the first delivery valve (25A); said gas discharge
plenum (22) being made by additive manufac-
turing;

wherein the gas inlet plenum (20) and the
gas discharge plenum (22) are mechanical-
ly connected to the compressor barrel (18)
and external thereto; and

connecting flanges (34A, 36A) are provided
around each inlet aperture (34) and each
outlet aperture (36) of the gas inlet plenum
(20) and the gas discharge plenum (22).

The reciprocating compressor of claim 10, wherein
the first suction valve (23A) is arranged in a first suc-
tion valve seat (27A) provided in the compressor bar-
rel (18) and in fluid communication with the cylinder
chamber (21) through a first gas suction port (30);
and wherein the first delivery valve (25A) is arranged
in a first delivery valve seat (29A) provided in the
compressor barrel (18) and in fluid communication
with the cylinder chamber (21) through a first gas
delivery port (32).

The reciprocating compressor of claim 10 or 11,
wherein: the piston (116) divides the cylinder cham-
ber (21) to in a head-end chamber (118A) and a
crank-end chamber (118B); the first suction valve
(23A) and the first delivery valve (25A) are fluidly
coupled to the head-end chamber (118A); a second
suction valve (23B) and a second delivery valve
(25B) are fluidly coupled to the crank-end chamber
(118B); the gas inlet plenum (20) is fluidly coupled
to the first suction valve (23A) and to the second
suction valve (23B); and the gas discharge plenum
(22) is fluidly coupled to the first delivery valve (25A)
and to the second delivery valve (25B).

The reciprocating compressor of claim 12, wherein
the second suction valve (23B) is arranged in a sec-
ond suction valve seat (27B) provided in the com-
pressor barrel (18) and in fluid communication with
the cylinder chamber (21) through a second gas suc-
tion port (30); and wherein the second delivery valve
(25B) is arranged in a second delivery valve seat
(29B) provided in the compressor barrel (18) and in
fluid communication with the cylinder chamber (21)
through a second gas delivery port (32).

The reciprocating compressor of one or more of
claims 10 to 13, wherein the compressor barrel (18)
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comprises a plurality of cooling ducts (38), extending
in a longitudinal direction substantially parallel to the
direction of movement of the piston (116) in the cyl-
inder chamber (21).

The reciprocating compressor of one or more of
claims 10 to 14, wherein the inlet plenum (20) com-
prises a central common volume (20B) wherefrom
one separate suction duct (20A) for each suction
valve (23A,23B) extends, each separate suction
duct (20A) providing independent fluid coupling be-
tween the respective suction valve (23A,23B) and
the central common volume (20B) of the inlet plenum
(20).

Patentanspriiche

1.

Herstellungsverfahren zum Herstellen eines Zylin-
ders fir einen Hubkolbenverdichter (1); wobei das
Verfahren die folgenden Schritte umfasst:

Herstellen eines Verdichterzylinders (18), um-
fassend eine Zylinderkammer (21), einen ersten
Ansaugventilsitz (27A), der durch einen jeweili-
gen ersten Gasansauganschluss (30) fluidisch
an die Zylinderkammer (21) gekoppelt ist; und
einen ersten Abgabeventilsitz (29A), der durch
einen jeweiligen ersten Gasabgabeanschluss
(32) fluidisch an die Zylinderkammer (21) ge-
koppelt ist;

Herstellen eines Gaseinlassraums (20) und fer-
ner Herstellen eines Gasablassraums (22), ge-
trennt von dem Verdichterzylinder (18);
dadurch gekennzeichnet, dass der Gasein-
lassraum (20) und der Gasablassraum (22)
durch additive Herstellung hergestellt werden;
und

Verbindungsflansche (34A, 36A) um jede Ein-
lassapertur (34) und jede Auslassapertur (36)
des Gaseinlassraums (20) und des Gasablass-
raums (22) bereitgestellt werden und mit dem
Verdichterzylinder (18) verbunden werden.

Herstellungsverfahren nach Anspruch 1, ferner um-
fassend die Schritte:

Montieren eines ersten Ansaugventils (23A) in dem
ersten Ansaugventilsitz (27A); Montieren eines ers-
ten Abgabeventils (25A) in dem ersten Abgabeven-
tilsitz (29A); und Montieren des Gaseinlassraums
(20) und des Gasablassraums (22) an dem Verdich-
terzylinder (18) und in Fluidverbindung mit dem ers-
ten Ansaugventilsitz (27A) bzw. dem ersten Abga-
beventilsitz (29A).

Herstellungsverfahren nach Anspruch 1 oder 2, wo-
bei der Verdichterzylinder (18) umfasst: einen zwei-
ten Ansaugventilsitz (27B), der durch einen zweiten
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Gasansauganschluss (30) fluidisch an die Zylinder-
kammer (21) gekoppelt ist, und einen zweiten Ab-
gabeventilsitz (29B), der durch einen jeweiligen
zweiten Gasabgabeanschluss (32) fluidisch an die
Zylinderkammer (21) gekoppelt ist; wobei der Ga-
seinlassraum (20) dazu konfiguriert ist, eine Fluid-
verbindung mit dem ersten Ansaugventilsitz (27A)
und dem zweiten Ansaugventilsitz (27B) bereitzu-
stellen; wobei der Gasablassraum (22) dazu konfi-
guriert ist, eine Fluidverbindung mit dem ersten Ab-
gabeventilsitz (29A) und dem zweiten Abgabeven-
tilsitz (29B) bereitzustellen; wobei der erste Ansaug-
ventilsitz (27A) und der erste Abgabeventilsitz (29A)
nahe einem Kopfende der Zylinderkammer (21) an-
geordnet sind; und wobei der zweite Ansaugventil-
sitz (27B) und der zweite Abgabeventilsitz (29B) na-
he einem Kurbelwellenende der Zylinderkammer
(21) angeordnet sind.

Verfahren nach einem dervorstehenden Anspriiche,
wobei der Einlassraum (20) ein zentrales gemeinsa-
mes Volumen (20B) umfasst, aus dem sich ein se-
parater Ansaugkanal (20A) fir jedes Ansaugventil
(23A) erstreckt, wobei jeder separate Ansaugkanal
(20A) eine unabhangige Fluidkopplung zwischen
dem jeweiligen Ansaugventil (23A) und dem zentra-
len gemeinsamen Volumen (20B) des Einlassraums
(20) bereitstellt.

Verfahren nach einem dervorstehenden Anspriiche,
wobei der Ablassraum (22) ein zentrales gemeinsa-
mes Volumen (22B) umfasst, aus dem sich ein se-
parater Ablasskanal (22A) fir jedes Abgabeventil
(25A) erstreckt, wobei jeder separate Ablasskanal
(22A) eine unabhéangige Fluidkopplung zwischen
dem jeweiligen Abgabeventil (25A) und dem zentra-
len gemeinsamen Volumen (22B) des Ablassraums
(22) bereitstellt.

Verfahren nach Anspruch 3 oder 4 oder 5, ferner
umfassend die Schritte:

Montieren eines jeweiligen Ansaugventils (23A) in
dem ersten Ansaugventilsitz (27A) und in dem zwei-
ten Ansaugventilsitz (27B); Montieren eines jeweili-
gen Abgabeventils (25A) in dem ersten Abgabeven-
tilsitz (29A) und in dem zweiten Abgabeventilsitz
(27B); Montieren des Gaseinlassraums (20) an dem
Verdichterzylinder (18) und in Fluidverbindung mit
dem ersten Ansaugventilsitz (27A) und dem zweiten
Ansaugventilsitz (27B); Montieren des Gasabga-
beraums (22) an dem Verdichterzylinder (18) und in
Fluidverbindung mit dem ersten Abgabeventilsitz
(29A) und dem zweiten Abgabeventilsitz (29B).

Verfahren nach einem oder mehreren der vorste-
henden Anspriiche, wobei der Verdichterzylinder
(18) mit Kithlkanalen (38) versehen wird, die sich im
Wesentlichen parallel zu einer axialen Verlangerung
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des Verdichterzylinders (18) erstrecken.

8. Verfahren nach Anspruch 1, ferner umfassend die

folgenden Schritte:

Montieren eines ersten Ansaugventils (23A) in
dem ersten Ansaugventilsitz (27A), der in dem
Verdichterzylinder (18) bereitgestellt und flui-
disch durch den ersten Gasansauganschluss
(30) an die Zylinderkammer (21), die indem Ver-
dichterzylinder (18) angeordnet ist, gekoppelt
ist;

Montieren eines ersten Abgabeventils (25A) in
dem ersten Abgabeventilsitz (29A), der in dem
Verdichterzylinder (18) bereitgestellt und flui-
disch durch den ersten Gasabgabeanschluss
(32) an die Zylinderkammer (21) gekoppelt ist;
Montieren des Gaseinlassraums (20) an dem
Verdichterzylinder (18) und in Fluidverbindung
mit dem ersten Ansaugventilsitz (27A);
Montieren des Gasablassraums (22) an dem
Verdichterzylinder (18) und in Fluidverbindung
mit dem ersten Abgabeventilsitz (29A).

9. Verfahren nach Anspruch 8, ferner umfassend die

folgenden Schritte:

Montieren eines zweiten Ansaugventils (23B) in
einem zweiten Ansaugventilsitz (27B), der in
dem Verdichterzylinder (18) bereitgestellt und
fluidisch durch einen zweiten Gasansaugan-
schluss (30) an die Zylinderkammer (21) gekop-
pelt ist;

Montieren eines zweiten Abgabeventils (25B)in
einem zweiten Abgabeventilsitz (29B), der in
dem Verdichterzylinder (18) bereitgestellt und
fluidisch durch einen zweiten Gasabgabean-
schluss (32) an die Zylinderkammer (21) gekop-
pelt ist;

Montieren des Gaseinlassraums (20) in Fluid-
verbindung mit dem zweiten Ansaugventilsitz
(27B), und Montieren des Gasablassraums (22)
in Fluidverbindung mitdem zweiten Abgabeven-
tilsitz (29B);

wobei ein Kolben (116) in der Zylinderkammer
(21) angeordnet ist, wobei der Kolben (116) die
Zylinderkammer (21)in eine Kammer (118A)am
Kopfende bzw. eine Kammer (118B) am Kur-
belende teilt; und wobei das erste Ansaugventil
(23A) und das erste Abgabeventil (25A) in Flu-
idverbindung mit der Kammer (118A) am Kopf-
ende stehen, und das zweite Ansaugventil (23B)
und das zweite Abgabeventil (25B) in Fluidver-
bindung mitder Kammer (118B) am Kurbelende
stehen.

10. Hubkolbenverdichter (1), umfassend:
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10

1.

12.

13.

- einen Verdichterzylinder (18) mit einer Zylin-
derkammer (21) darin;

- einen Kolben (116), der zum Hin- und Herglei-
ten in der Zylinderkammer (21) ausgelegt ist;

- ein erstes Ansaugventil (23A), das fluidisch an
die Zylinderkammer (21) gekoppelt ist;

- ein erstes Abgabeventil (25A), das fluidisch an
die Zylinderkammer (21) gekoppelt ist;

- gekennzeichnet durch einen Gaseinlass-
raum (20), der fluidisch an das erste Ansaug-
ventil (23A) gekoppeltist; wobei der Gaseinlass-
raum (20) durch additive Herstellung gefertigt
ist; und

-einen Gasablassraum (22), der fluidisch an das
erste Abgabeventil (25A) gekoppelt ist; wobei
der Gasablassraum (22) durch additive Herstel-
lung gefertigt ist;

wobei der Gaseinlassraum (20) und der
Gasablassraum (22) mechanisch und ex-
tern mit dem Verdichterzylinder (18) ver-
bunden sind; und

Verbindungsflansche (34A, 36A) um jede
Einlassapertur (34) und jede Auslassaper-
tur (36) des Gaseinlassraums (20) und des
Gasablassraums (22) bereitgestellt sind.

Hubkolbenverdichter nach Anspruch 10, wobei das
erste Ansaugventil (23A) in einem ersten Ansaug-
ventilsitz (27A), der in dem Verdichterzylinder (18)
bereitgestellt und durch einen ersten Gasansaugan-
schluss (30)in Fluidverbindung mitder Zylinderkam-
mer (21) steht, angeordnet ist; und wobei das erste
Abgabeventils (25A) in einem ersten Abgabeventil-
sitz (29A), der in dem Verdichterzylinder (18) bereit-
gestellt und durch einen ersten Gasabgabean-
schluss (32)in Fluidverbindung mitder Zylinderkam-
mer (21) steht, angeordnet ist.

Hubkolbenverdichter nach Anspruch 10 oder 11, wo-
bei: der Kolben (116) die Zylinderkammer (21) in ei-
ne Kammer (118A) am Kopfende und eine Kammer
(118B) am Kurbelende teilt; das erste Ansaugventil
(23A) und das erste Abgabeventil (25A) fluidisch an
die Kammer (118A) am Kopfende gekoppelt sind;
ein zweites Ansaugventil (23B) und ein zweites Ab-
gabeventil (25B) fluidisch an die Kammer (118B) am
Kurbelende gekoppelt sind; der Gaseinlassraum
(20) fluidisch an das erste Ansaugventil (23A) und
an das zweite Ansaugventil (23B) gekoppeltist; und
der Gasablassraum (22) fluidisch an das erste Ab-
gabeventil (25A) und an das zweite Abgabeventil
(25B) gekoppelt ist.

Hubkolbenverdichter nach Anspruch 12, wobei das
zweite Ansaugventil (23B)in einem zweiten Ansaug-
ventilsitz (27B), der in dem Verdichterzylinder (18)
bereitgestellt und durch einen zweiten Gasansaug-
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anschluss (30) mit der Zylinderkammer (21) in Flu-
idverbindung steht, angeordnet ist; und wobei das
zweite Abgabeventil (25B) in einem zweiten Abga-
beventilsitz (29B), der in dem Verdichterzylinder (18)
bereitgestellt und durch einen zweiten Gasabgabe-
anschluss (32) mit der Zylinderkammer (21) in Flu-
idverbindung steht, angeordnet ist.

Hubkolbenverdichter nach einem oder mehrerender
Anspriiche 10 bis 13, wobei der Verdichterzylinder
(18) eine Vielzahl von Kiihlkanalen (38) umfasst, die
sich in einer Langsrichtung im Wesentlichen parallel
zu der Bewegungsrichtung des Kolbens (116) in der
Zylinderkammer (21) erstrecken.

Hubkolbenverdichter nach einem oder mehreren der
Anspriiche 10 bis 14, wobei der Einlassraum (20)
ein zentrales gemeinsames Volumen (20B) umfasst,
aus dem sich ein separater Ansaugkanal (20A) fur
jedes Ansaugventil (23A, 23B) erstreckt, wobeijeder
separate Ansaugkanal (20A) eine unabhangige Flu-
idkopplung zwischen dem jeweiligen Ansaugventil
(23A, 23B) und dem zentralen gemeinsamen Volu-
men (20B) des Einlassraums (20) bereitstellt.

Revendications

1.

2,

Procédé de fabrication pour fabriquer un cylindre
pour un compresseur alternatif (1) ; ledit procédé
comprenant les étapes suivantes :

fabriquer un corps de compresseur (18) com-
prenant une chambre de cylindre (21), un pre-
mier siege de soupape d’aspiration (27A), flui-
diquement couplé a la chambre de cylindre (21)
a travers un premier orifice d’aspiration de gaz
(30) respectif ; et un premier siege de soupape
de distribution (29A), fluidiquement couplé a la
chambre de cylindre (21) a travers un premier
orifice de distribution de gaz (32) respectif ;
fabriquer un plénum d’entrée de gaz (20) et fa-
briquer en outre un plénum d’évacuation de gaz
(22), séparément du corps de compresseur
(18);

caractérisé par le plénum d’entrée de gaz (20)
et le plénum d’évacuation de gaz (22) étant fa-
briqués par fabrication additive ; et

des brides de raccordement (34A, 36A) sont
fournies autour de chaque ouverture d’entrée
(34) et de chaque ouverture de sortie (36) du
plénum d’entrée de gaz (20) et du plénum d’éva-
cuation de gaz (22) et raccordées au corps de
compresseur (18).

Procédé de fabrication selon la revendication 1,
comprenant, en outre, les étapes consistanta : mon-
ter une premiére soupape d’aspiration (23A) dans
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1"

ledit premier siége de soupape d’aspiration (27A) ;
monter une premiere soupape de distribution (25A)
dans ledit premier siége de soupape de distribution
(29A) ; et monter le plénum d’entrée de gaz (20) et
le plénum d’évacuation de gaz (22) sur le corps de
compresseur (18) et en communication fluidique
avec le premier siége de soupape d’aspiration (27A)
et le premiersiege de soupape de distribution (29A),
respectivement.

Procédé de fabrication selon la revendication 1 ou
2, dans lequel le corps de compresseur (18)
comprend : un second sieége de soupape d’aspira-
tion (27B), fluidiquement couplé a la chambre de cy-
lindre (21) a travers un second orifice d’aspiration
de gaz (30), et un second siége de soupape de dis-
tribution (29B), fluidiguement couplé a la chambre
de cylindre (21) a travers un second orifice de dis-
tribution de gaz (32) respectif ; danslequel le plénum
d’entrée de gaz (20) est configuré pour fournir une
communication fluidique avec le premier siege de
soupape d’aspiration (27A) et le second siege de
soupape d’aspiration (27B) ; dans lequel le plénum
d’évacuation de gaz (22) est configuré pour fournir
une communication fluidique avec le premier siege
de soupape de distribution (29A) et le second siége
de soupape de distribution (29B) ; dans lequel le pre-
mier siege de soupape d’aspiration (27A) et le pre-
mier siege de soupape de distribution (29A) sont
agencés a proximité d’une extrémité de téte de la
chambre de cylindre (21) ; et dans lequel le second
siége de soupape d’aspiration (27B) et le second
siége de soupape de distribution (29B) sontagencés
a proximité d’'une extrémité d’arbre moteur de la
chambre de cylindre (21).

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le plénum d’entrée (20)
comprend un volume commun central (20B) d’ou
s’étend un conduit d’aspiration séparé (20A) pour
chaque soupape d’aspiration (23A), chaque conduit
d’aspiration séparé (20A) fournissant un accouple-
ment hydraulique indépendant entre la soupape
d’aspiration (23A) respective et le volume commun
central (20B) du plénum d’entrée (20).

Procédé selon I'une quelconque des revendications
précédentes, dans lequel le plénum d’évacuation
(22) comprend un volume commun central (22B)
d’ou s’étend un conduit d’évacuation séparé (22A)
pour chaque soupape de distribution (25A), chaque
conduit d’évacuation séparé (22A) fournissant un
accouplement hydraulique indépendant entre la
soupape de distribution respective (25A) et le volu-
me commun central (22B) du plénum d’évacuation
(22).

Procédé selon la revendication 3 ou 4 ou 5, compre-
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nant, en outre, les étapes consistant a : monter une
soupape d’aspiration (23A) respective dans le pre-
mier siege de soupape d’aspiration (27A) et dans le
second siege de soupape d’aspiration (27B) ; mon-
ter une soupape de distribution (25A) respective
dans le premier siege de soupape de distribution
(29A) et dans le second siege de soupape de distri-
bution (27B) ; monter le plénum d’entrée de gaz (20)
sur le corps de compresseur (18) et en communica-
tion fluidique avec le premier siege de soupape d’'as-
piration (27A) et le second siege de soupape d’as-
piration (27B); monter le plénum d’évacuation de gaz
(22) sur le corps de compresseur (18) et en commu-
nication fluidique avec le premier siege de soupape
de distribution (29A), et le second siége de soupape
de distribution (29B).

Procédé selon une ou plusieurs des revendications
précédentes, dans lequel le corps de compresseur
(18) est fourni avec des conduits de refroidissement
(38) s’étendant sensiblement paralléles a une exten-
sion axiale dudit corps de compresseur (18).

Procédé selon la revendication 1, comprenant, en
outre, les étapes suivantes :

monter une premiére soupape d’aspiration
(23A) dans le premier siége de soupape d’aspi-
ration (27A) fourni dans le corps de compres-
seur (18) et fluidiquement couplée a travers le
premier orifice d’aspiration de gaz (30) a la
chambre de cylindre (21) agencé dans le corps
de compresseur (18) ;

monter une premiére soupape de distribution
(25A) dans le premier siége de soupape de dis-
tribution (29A) fourni dans le corps de compres-
seur (18) et fluidiquement couplée ala chambre
de cylindre (21) a travers le premier orifice de
distribution de gaz (32) ;

monter le plénum d’entrée de gaz (20) sur le
corps de compresseur (18) eten communication
fluidique avec le premier siege de soupape d’as-
piration (27A) ;

monter le plénum d’évacuation de gaz (22) sur
le corps de compresseur (18) et en communi-
cation fluidique avec le premier siége de soupa-
pe de distribution (29A).

9. Procédé selon la revendication 8, comprenant, en

outre, les étapes suivantes :

monter une seconde soupape d’'aspiration (23B)
dans un second sieége de soupape d’aspiration
(27B) fourni dans le corps de compresseur (18)
et fluidiquement couplée a travers un second
orifice d’aspiration de gaz (30) a la chambre de
cylindre (21) ;

monter une seconde soupape de distribution
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(25B) dans un second siége de soupape de dis-
tribution (29B) fourni dans le corps de compres-
seur (18) et fluidiguement couplée a la chambre
de cylindre (21) a travers un second orifice de
distribution de gaz (32) ;

monter le plénum d’entrée de gaz (20) en com-
munication fluidique avec un second siége de
soupape d’aspiration (27B), et monter le plénum
d’évacuation de gaz (22) en communication flui-
dique avec le second siege de soupape de dis-
tribution (29B) ;

dans lequel un piston (116) est agencé dans la
chambre de cylindre (21), le piston (116) divisant
la chambre de cylindre (21) en une chambre
d’extrémité de téte (118A) et une chambre d’ex-
trémité de moteur (118B), respectivement ; et
dans lequel la premiére soupape d’aspiration
(23A) et la premiére soupape de distribution
(25A) sont en communication fluidique avec la
chambre d’extrémité de téte (118A), etla secon-
de soupape d’aspiration (23B) et la seconde
soupape de distribution (25B) sont en commu-
nication fluidique avec la chambre d’extrémité
de moteur (118B).

10. Compresseur alternatif (1) comprenant :

- un corps de compresseur (18) avec une cham-
bre de cylindre (21) a l'intérieur de celui-ci ;

- un piston (116), adapté pour coulisser de ma-
niére alternative dans la chambre de cylindre
(21);

- une premiere soupape d’aspiration (23A) flui-
diquement couplée a la chambre de cylindre
(21);

- une premiére soupape de distribution (25A)
fluidiguement couplée a la chambre de cylindre
(21);

- caractérisé par un plénum d’entrée de gaz
(20) fluidiquementcouplé a la premiéere soupape
d’aspiration (23A) ; ledit plénum d’entrée de gaz
(20) étant réalisé par fabrication additive ; et

- un plénum d’évacuation de gaz (22) fluidique-
ment couplé a la premiére soupape de distribu-
tion (25A) ; ledit plénum d’évacuation de gaz
(22) étant réalisé par fabrication additive ;

dans lequel le plénum d’entrée de gaz (20)
et le plénum d’évacuation de gaz (22) sont
mécaniquement raccordés au corps de
compresseur (18) et externes a celui-ci ; et
des brides de raccordement (34A, 36A)
sont fournies autour de chaque ouverture
d’entrée (34) etde chaque ouverture de sor-
tie (36) du plénum d’entrée de gaz (20) et
du plénum d’évacuation de gaz (22).

11. Compresseur alternatif selon la revendication 10,
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dans lequel la premiére soupape d’aspiration (23A)
estagencée dans un premier siége de soupape d’as-
piration (27A) fourni dans le corps de compresseur
(18) et en communication fluidique avec la chambre
de cylindre (21) a travers un premier orifice d’aspi-
ration de gaz (30) ; et dans lequel la premiére sou-
pape de distribution (25A) est agencée dans un pre-
mier siege de soupape de distribution (29A) fourni
dans le corps de compresseur (18) et en communi-
cation fluidique avec la chambre de cylindre (21) a
travers un premier orifice de distribution de gaz (32).

Compresseur alternatif selon la revendication 10 ou
11, dans lequel : le piston (116) divise la chambre
de cylindre (21) en une chambre d’extrémité de téte
(118A) et une chambre d'extrémité de moteur
(118B) ; la premiére soupape d’aspiration (23A) et
la premiere soupape de distribution (25A) sont flui-
diquement couplées ala chambre d’extrémité de téte
(118A) ; une seconde soupape d’aspiration (23B) et
une seconde soupape de distribution (25B) sont flui-
diquement couplées a la chambre d’extrémité de
moteur (118B) ; le plénum d’entrée de gaz (20) est
fluidiquement couplé a la premiére soupape d’aspi-
ration (23A) et a la seconde soupape d’aspiration
(23B) ; et le plénum d’évacuation de gaz (22) est
fluidiquement couplé a la premiére soupape de dis-
tribution (25A) et a la seconde soupape de distribu-
tion (25B).

Compresseur alternatif selon la revendication 12,
dans lequel la seconde soupape d’aspiration (23B)
estagencée dans un second siege de soupape d’'as-
piration (27B) fourni dans le corps de compresseur
(18) et en communication fluidique avec la chambre
de cylindre (21) a travers un second orifice d’aspi-
ration de gaz (30) ; et dans lequel la seconde sou-
pape de distribution (25B) est agencée dans un se-
cond sieége de soupape de distribution (29B) fourni
dans le corps de compresseur (18) et en communi-
cation fluidique avec la chambre de cylindre (21) a
travers un second orifice de distribution de gaz (32).

Compresseur alternatif selon une ou plusieurs des
revendications 10 a 13, dans lequel le corps de com-
presseur (18) comprend une pluralité de conduits de
refroidissement (38), s’étendant dans une direction
longitudinale sensiblement parallele a la direction de
déplacement du piston (116) dans la chambre de
cylindre (21).

Compresseur alternatif selon une ou plusieurs des
revendications 10 a 14, dans lequel le plénum d’en-
trée (20) comprend un volume commun central (20B)
d'ou s’étend un conduit d’aspiration séparé (20A)
pour chaque soupape d’aspiration (23A, 23B), cha-
que conduit d’aspiration séparé (20A) fournissant un
accouplement hydraulique indépendant entre la
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soupape d’aspiration (23A, 23B) respective et le vo-
lume commun central (20B) du plénum d’entrée (20).
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Fig.3
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Fig.4

providing a gas inlet providing a providing a gas
plenum compressor barrel discharge plenum
V

mounting gas suction valves and gas
delivery valves in valve seats of the
compressor barrel

V

mounting the gas inlet plenum around
the compressor barrel in fluid
communication with the gas suction
valves and mounting the gas discharge
plenum around the compressor barrel
in fluid communication with the gas
delivery valves
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