20207123273 A1 IV 00 0 0 000 0

o
=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
18 June 2020 (18.06.2020)

(10) International Publication Number

WO 2020/123273 Al

WIPO I PCT

(51) International Patent Classification:
F04B 39/00 (2006.01) F04C 29/06 (2006.01)

(21) International Application Number:
PCT/US2019/064835

(22) International Filing Date:
06 December 2019 (06.12.2019)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/777,379 10 December 2018 (10.12.2018) US

(71) Applicant: CARRIER CORPORATION [US/US];
13995 Pasteur Blvd., Palm Beach Gardens, Florida 33418
USs).

(72) Inventor: TETU, Lee G.; 13995 Pasteur Blvd., Palm
Beach Gardens, Florida 33418 (US).

(74) Agent: OLDS, Theodore W.; Carlson, Gaskey & Olds,
P.C., 400 West Maple Road, Suite 350, Birmingham, Michi-
gan 48009 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, [E, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

(54) Title: MODULAR COMPRESSOR DISCHARGE SYSTEM

100
104 1z 122
™ A Mg ]
{ / i‘ A
1 % //
\»]]7 ]2]’/

b A

// /— { “C\\ ! K HG ]A

[ N ! 7 124 .

108 10 L 16 120

(57) Abstract: A method of assembling a compressor system includes attaching at least two pulsation damper stages to a discharge
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MODULAR COMPRESSOR DISCHARGE SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to United State Provisional Patent
Application No. 62/777,379 filed on December 10, 2018.

BACKGROUND

[0002] This application relates to a modular system for easily creating a specifically
tailored discharge system downstream of a compressor.

[0003] Modern compressors are known and are utilized to compress various fluids.
One common example is a refrigerant compressor. A refrigerant compressor faces numerous
challenges. For one, the sound emanating from the compressor must be controlled and limited.
One source of source of sound is pulsations, and thus it is known to provide pulsation
dampening systems. In addition, mufflers, oil separators, and discharge valves are also
commonly incorporated.

[0004] In some applications, more pulsation dampening may be required, a muffler
may or may not be required, and an oil separator may or may not be required. Currently, a
number of distinct housings must be provided to specifically tailor what is to be included with

the compressor in its intended application.

SUMMARY

[0005] In a featured embodiment, a method of assembling a compressor system
includes attaching at least two pulsation damper stages to a discharge port on a compressor,
and attaching additional pulsation dampening stages if additional stages are desired.

[0006] In another embodiment according to the previous embodiment, each of the
stages are generally identical having an inlet spaced from an outlet by 180° about a center line
of the stage.

[0007] In another embodiment according to any of the previous embodiments, at

least one of a muffler and an oil separator is added.
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[0008] In another embodiment according to any of the previous embodiments, a
component discharge including a check valve is mounted downstream of a downstream most
of the pulsation dampening stage.

[0009] In another embodiment according to any of the previous embodiments, the
pulsation dampening stage includes a plurality of cells extending into a housing member. A
bottom wall and an open outer wall communicate with the flow passage. A plurality of orifices
extend into each of the cells, with the orifices having a smaller diameter than a hydraulic
diameter of the cells.

[0010] In another embodiment according to any of the previous embodiments, the
orifices are formed in a perforated plate that encloses the plurality of cells.

[0011] In another embodiment according to any of the previous embodiments, the
COMPIesSor is a SCrew compressor.

[0012] In another embodiment according to any of the previous embodiments, an
average depth into the cells is measured between an inner face of the perforated plate and the
bottom wall of the cell is defined as a first distance. A second distance is defined as an average
hydraulic diameter of the cells and a ratio of the first distance to the second distance is between
0.025 and 25.

[0013] In another embodiment according to any of the previous embodiments, a
diameter of the orifices is defined as a third distance and a ratio of the first distance to the third
distance is between (.5 and 500.

[0014] In another embodiment according to any of the previous embodiments, a
dual stage pulsation dampener is included having an inlet and an outlet that are
circumferentially aligned.

[0015] In another embodiment according to any of the previous embodiments, at
least one of a muffler and an oil separator is added.

[0016] In another embodiment according to any of the previous embodiments, a
component discharge including a check valve is mounted downstream of a downstream most
of the pulsation dampening stage.

[0017] In another embodiment according to any of the previous embodiments, the
pulsation dampening stage includes a plurality of cells extending into a housing member. A

bottom wall and an open outer wall communicate with the flow passage. A plurality of orifices
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extend into each of the cells, with the orifices having a smaller diameter than a hydraulic
diameter of the cells.

[0018] In another embodiment according to any of the previous embodiments, the
orifices are formed in a perforated plate that encloses the plurality of cells.

[0019] In another embodiment according to any of the previous embodiments, an
average depth into the cells is measured between an inner face of the perforated plate and the
bottom wall of the cell is defined as a first distance. A second distance is defined as an average
hydraulic diameter of the cells and a ratio of the first distance to the second distance is between
0.025 and 25.

[0020] In another embodiment according to any of the previous embodiments, a
diameter of the orifices is defined as a third distance and a ratio of the first distance to the third
distance is between (.5 and 500.

[0021] In another featured embodiment, a compressor and discharge system
includes a compressor housing having an outlet port and a discharge system attached to the
outlet port. The discharge system includes at least a plurality of pulsation dampening stages.
The pulsation dampening stages are generally identical and each have an inlet spaced from an
outlet by 180 degrees about a center line of the stage.

[0022] In another embodiment according to the previous embodiment, there is also
at least a dual stage pulsation dampener mounted within a housing including an inlet and an
outlet that are circumferentially aligned.

[0023] In another embodiment according to any of the previous embodiments, the
pulsation dampening stages includes a plurality of cells extending into a housing member. A
bottom wall and an open outer wall communicate with the flow passage. A plurality of orifices
extend into each of the cells, with the orifices having a smaller diameter than a hydraulic
diameter of the cells.

[0024] In another embodiment according to any of the previous embodiments, at
least one of a muffler and an oil separator is downstream of the plurality of pulsation dampening
systems.

[0025] These and other features may be best understood from the following

drawings and specification.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Figure 1A shows a first assembled system.

[0027] Figure 1B shows the first assembled system in an exploded view.

[0028] Figure 2 A schematically shows a refrigerant cycle.

[0029] Figure 2B shows a detail of a compressor and a pulsation dampening
housing.

[0030] Figure 2C shows a detail of the housing.

[0031] Figure 2D shows a detail of chambers within the pulsation dampening
housing.

[0032] Figure 2E shows further details in the pulsation dampening housing.

[0033] Figure 2F schematically shows geometric relationships in the pulsation
dampening system in a view generally along line F-F of Figure 2E.

[0034] Figure 3A shows an alternative arrangement.

[0035] Figure 3B shows another alternative arrangement.

[0036] Figure 4 shows another potential embodiment.

DETAILED DESCRIPTION

[0037] Figure 1A shows a compressor and discharge system 100 which may be
incorporated into a refrigerant cycle. A compressor 102 is shown having a discharge 104. The
compressor 102 may be a screw compressor. As known, screw compressors raise challenges
with regard to addressing pulsations. While a screw compressor is specifically mentioned, the
teachings of this disclosure would extend to other type compressors.

[0038] A discharge system has been individually tailored for the compressor
assembly 100. Thus, three pulsation dampening stages 108, 111, and 114 are mounted in series.
As shown, an inlet 106 to the first stage 108 is associated with the discharge of the compressor
102. A discharge 110 of the stage 108 is aligned with an inlet to the second stage 111.
Similarly, a discharge 112 from the stage 111 is circumferentially aligned with the inlet to a
third stage 114. A discharge 116 of the third stage 114 is aligned with an inlet to a muffler
118.
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[0039] As can be seen, the inlets and outlets of the stages 108/111/114 may be
generally circumferentially spaced by 180°. The three pulsation dampeners 108/111/114 can
be generally identical.

[0040] A designer of the compressor system 100 may choose to add more or fewer
pulsation dampening units.

[0041] The muffler 118 has an outlet 117 communicating into an oil separator 120.
The oil separator 120 has an outlet 121 communicating through a component discharge 122,
and then to a discharge flange 124. The component discharge 122 may include a check valve.

[0042] Figure 1B is an exploded view of the assembly 100. As shown, the stages
108/111/114 are generally identical.

[0043] Figure 2A shows a refrigerant cycle 20 having a compressor 21 with two
intermeshed screw rotors 22 and 24. A worker of skill in this art recognizes that refrigerant
can enter the compressor through an inlet 11, be compressed by the rotors 22 and 24, and leave
the compressor 21 through a discharge outlet 26. A discharge system 28 (which may be as
disclosed above, or below) is shown downstream of the discharge 26 and has an exit port 30
leaving a housing.

[0044] Downstream of the exit 30, a flow line 19 communicates the refrigerant to
a condenser 17, an expansion valve 16, and to an evaporator 13. A fluid to be cooled is shown
at 15 and may be air or water which may be utilized to cool another location. Downstream of
the evaporator 13 refrigerant returns to the inlet 11.

[0045] As mentioned above, in particular with regard to screw compressors, there
are pulsations in the flow leaving the discharge port 26 and the exit port 30. The discharge
system 28 is thus intended to minimize these pulsations.

[0046] Figure 2B shows an embodiment. As shown, the refrigerant leaving the
discharge port 26 encounters a convoluted flow path. The exit 30 is spaced from the discharge
26 by a first resonator array 46, a non-resonator containing flow passage 49, and a second
resonator array location 48. As will be explained below, the resonator arrays 46 and 48 are
formed in part by cavities or cells formed in a stage divider 42, which also forms at least a
portion of the non-resonator containing flow passage 49. There are also cells formed in a
bearing cover 119 on an opposed side of the cells in the stage divider 42 to form resonator array

46. Bearing cover 119 is shown to house bearings 801 (shown schematically) for rotors 22/24.
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There are also cells within a cover plate 44 which also contains the exit port 30. These cells
form a part of resonator array 48.

[0047] Figure 2C shows details of the Figure 2A and 2B flow. A check valve 50
closes the discharge port 26 and pivots about a pivot pin 52 at shut down. A stop 54 is cast
into the stage divider 42. A single cell 74 is shown in each location, but as will be explained
below, there are plural cells at each location. Cover perforated plates 70 are shown and are
perforated as will be explained in more detail below.

[0048] Passage 49 can be a non-circular flow path which improves the exposure
area of the sound field with the sound absorbing cavities.

[0049] Figure 2D shows a detail of one side of the resonator array 46 and, in
particular, that mounted in the bearing cover 119. As shown, the check valve 50 is surrounded
by a resonator array including a plurality of cells 74 separated by walls 76. The plate 70 is
formed with a plurality of perforations 72.

[0050] Figure 2E shows the opposed side of resonator array 46. Again, in the
opposed side of the resonator array 46 is the check valve stop 54 formed in the stage divider
42. In addition, there are cells 74 separated by wall 76. The perforated plate 70 has perforations
or orifices 72. The flow passes around a flow divider 99 and then passes into connecting
passageway 49 before reaching the second resonator array. This creates the non-circular cross-
section (defined perpendicularly to a general flow direction between the arrays 46 and 48) as
mentioned above. Note the cross-section need not be non-circular over its entire length as
Figure 2E has a cylindrical portion 800 near a downstream end.

[0051] Figure 2F shows a detail that is common to the resonator arrays on both
sides of each stage. As shown, the cells 74 are separated by the walls 76. An inner or bottom
wall 75 is illustrated. The plate 70 is shown covering an open outer wall of the cell 74 opposite
bottom wall 75. As can be appreciated from this Figure, there are a plurality of orifices 72
associated with each cell 74. In embodiments, there may be 10 to 70 orifices per cell on average
and in one example 50.

[0052] A first distance d; is defined between an inner surface 600 of the plate 70
and the wall 75. A second dimension d; is defined as an average hydraulic diameter for the
cell 74. A third distance ds is defined as an average diameter of the orifices 72. A fourth

dimension d4 is defined as a distance between the outer faces 601 of opposed plates 70. In
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embodiments, a ratio of di to d2 is between .025 and 25. A ratio of d; to d3 was between 0.5
and 500. A ratio of di to d4 was between 0.1 and 100.

[0053] In embodiments, the cover or perforated plate 70 has a characteristic
thickness between the surfaces 600 and 601. The value ds can be related to this characteristic
thickness, and may be (.5 to 5.0 the characteristic thickness. The ds values can be 1.5 mm to
6.0 mm, and the characteristic thickness may be 1.0 to 10 mm and more narrowly 1.5 to 3.0
mm. The surface of the cover plate may be between 60 to 10 percent orifice space, compared
to solid structure. The hydraulic diameter d> may be defined relative to a wavelength for sound
frequencies of a particular concern. As an example, an exemplary hydraulic diameter could be
0.25 to 0.50 times the wavelength. Example hydraulic diameters, or dz, can be between 10 mm
and 50 mm. The depth d; can be between 2 mm and 50 mm, more narrowly 3 mm and 35 mm,
and even more narrowly 5 and 25 mm.

[0054] The resonator arrays operate by cyclically moving the pulsations through
the smaller orifices 72 into the enlarged cells 74, and then back out through the plurality of
orifices associated with each cell. Such a resonator is more effective than typical muffler or
pulsation dampening structure. As an example, this disclosure could be provided by adding
less than one foot of axial length with the second stage resonator array.

[0055] While a perforated plate is shown, other ways of forming orifices may be
used. The cells 74 may be cast into the several housing members.

[0056] Figure 3A shows a simpler compressor system 200 wherein a compressor
202 has its discharge 204. A single stage pulsation damper 206 is selected which
communicates directly with a component discharge 208 having a check valve.

[0057] Figure 3B shows a system 300 wherein there are two pulsation dampening
units 306 and 308 downstream of a compressor 302 having a discharge 304. A muffler 118 is
utilized, as is a component discharge 122, having a check valve and a discharge flange 124.

[0058] As can be appreciated, a designer of compressor systems may now select
various components and attach those components in a manner that does not require unique
housings to be formed for each particular application. The worker of ordinary skill in this art
would recognize that some simplified universal attachment method would also be included.

As one example only, bolts can extend through bolt holes in a housing associated with each of
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the assembled components. A length of the selected bolts can be varied dependent on the
number of components to be assembled into the particular compressor system.

[0059] Figure 4 shows an alternative compressor discharge system 400. Here, a
pulsation dampener 402 actually incorporates two of the stages as shown in the earlier
embodiment. The inlet 404 is circumferentially aligned with the outlet 406. The outlet 406 is
shown communicating with an inlet for a single stage pulsation dampener 408 having an outlet
410 spaced by 180°. The “double” unit, such as unit 402, allows reaching multiple pulsation
dampener stages with a fewer number of connections.

[0060] A method of assembling a compressor system comprising attaching at least
two pulsation damper stages to a discharge port on a compressor, and attaching additional
pulsation dampening stages if additional stages are desired.

[0061] Although an embodiment of this invention has been disclosed, a worker of
ordinary skill in this art would recognize that certain modifications would come within the
scope of this disclosure. For that reason, the following claims should be studied to determine

the true scope and content of this disclosure.
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CLAIMS

1. A method of assembling a compressor system comprising:
attaching at least two pulsation damper stages to a discharge port on a compressor, and

attaching additional pulsation dampening stages if additional stages are desired.

2. The method as set forth in claim 1, wherein each of said stages are generally identical

having an inlet spaced from an outlet by 180° about a center line of said stage.

3. The method as set forth in claim 2, wherein at least one of a muffler and an oil separator
is added.
4. The method as set forth in claim 3, wherein a component discharge including a check

valve is mounted downstream of a downstream most of said pulsation dampening stage.

5. The method as set forth in claim 4, wherein said pulsation dampening stage including
a plurality of cells extending into a housing member, and having a bottom wall and an open
outer wall communicating with the flow passage, with a plurality of orifices extending into
each of said cells, with said orifices having a smaller diameter than a hydraulic diameter of said

cells.

6 The method as set forth in claim 5, wherein said orifices are formed in a perforated

plate that encloses said plurality of cells.

7. The method as set forth in claim 6, wherein said compressor is a screw compressor.

8. The method as set forth in claim 6, wherein an average depth into said cells measured
between an inner face of said perforated plate and said bottom wall of said cell is defined as a
first distance, and a second distance is defined as an average hydraulic diameter of said cells

and a ratio of said first distance to said second distance is between 0.025 and 25.
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9. The method as set forth in claim &, wherein a diameter of said orifices is defined as a

third distance and a ratio of said first distance to said third distance is between 0.5 and 500.

10. The method as set forth in claim 2, wherein a dual stage pulsation dampener is included

having an inlet and an outlet that are circumferentially aligned.

11. The method as set forth in claim 1, wherein at least one of a muffler and an oil separator
is added.
12. The method as set forth in claim 1, wherein a component discharge including a check

valve is mounted downstream of a downstream most of said pulsation dampening stage.

13. The method as set forth in claim 1, wherein said pulsation dampening stage including
a plurality of cells extending into a housing member, and having a bottom wall and an open
outer wall communicating with the flow passage, with a plurality of orifices extending into
each of said cells, with said orifices having a smaller diameter than a hydraulic diameter of said

cells.

14. The method as set forth in claim 13, wherein said orifices are formed in a perforated

plate that encloses said plurality of cells.

15. The method as set forth in claim 14, wherein an average depth into said cells measured
between an inner face of said perforated plate and said bottom wall of said cell is defined as a
first distance, and a second distance is defined as an average hydraulic diameter of said cells

and a ratio of said first distance to said second distance is between 0.025 and 25.

16. The method as set forth in claim 15, wherein a diameter of said orifices is defined as a

third distance and a ratio of said first distance to said third distance is between 0.5 and 500.

10
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17. A compressor and discharge system comprising:

a compressor housing having an outlet port and a discharge system attached to said
outlet port, said discharge system including at least a plurality of pulsation dampening stages,
said pulsation dampening stages being generally identical and each having an inlet spaced from

an outlet by 180 degrees about a center line of said stage.

18. The compressor and discharge system as set forth in claim 17, wherein there is also at
least a dual stage pulsation dampener mounted within a housing including an inlet and an outlet

that are circumferentially aligned.

19. The compressor and discharge system as set forth in claim 18, wherein said pulsation
dampening stages including a plurality of cells extending into a housing member, and having
a bottom wall and an open outer wall communicating with the flow passage, with a plurality of
orifices extending into each of said cells, with said orifices having a smaller diameter than a

hydraulic diameter of said cells.

20. The compressor and discharge system as set forth in claim 19, wherein at least one of a

muffler and an oil separator is downstream of said plurality of pulsation dampening systems.

11
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