wo 2017/074940 A1 | I 0N OO OO0 R O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

4 May 2017 (04.05.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/074940 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:
F04B 39/10 (2006.01) F04B 53/10 (2006.01)
F16K 15/08 (2006.01)

International Application Number:
PCT/US2016/058668

International Filing Date:
25 October 2016 (25.10.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/246,383 26 October 2015 (26.10.2015) US
Applicant: DELAWARE CAPITAL FORMATION,

INC. [US/US]; 501 Silversde Road, Suite 5, Wilmington,
DE 19809 (US).

Inventors: KHAIRE, Swapnil, S.; 6315 Kingston Pike,
Apt. 606, Knoxville, TN 37919 (US). MISH, Stephen, A.;
707 Blueberry Drive, Wellington, FL 33414 (US). SCH-
WEINBERG, Fred, Matthew; 866 Baylor Circle,

(74

(8D

Knoxville, TN 37923 (US). BALAMOHAN, Vasudev,
M.; No. 792, 14th Cross, 1st Phase, JP Nagar, Bangalore
560078 (IN). RASQUINHA, Sujith, N.; Flat 302, C-block
Paras Mane Apartments, Kengeri Satellite Town, Ban-
galore 560059 (IN).

Agent: CAROL, M., Nielsen; Niclsen I[P Law LLC, 1177
West Loop South, Suite 1600, Houston, TX 77027 (US).

Designated States (uniess 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, JP, KE, KG, 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, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

[Continued on next page]

(54) Title: RECIPROCATING GAS COMPRESSOR VALVE

Flg. 2 ﬁ

(57) Abstract: A reciprocating gas compressor valve having a plurality of

clusters of kidney shaped holes positioned along a common circular or annular
locus in the main body and a sealing element with a top portion, a bottom por -

tion and a tubular section. The tubular section is integrally connected to the

top portion and bottom portion. In an open position, a flow pathway is
provided through the clusters of kidney shaped holes and the tubular section
and the bottom profile abuts a stop surface of the valve. In a closed position,
the top profile abuts the seat for sealing gas flow within the valve.



WO 2017/074940 A1 AT 00T 000N A D AR

(84) Designated States (unless otherwise indicated, for every

GM, KF, 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, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF,
SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA,
GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
kind of regional protection available): ARIPO (BW, GH, __

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))

Published:

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



WO 2017/074940 PCT/US2016/058668

RECIPROCATING GAS COMPRESSOR VALVE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application Serial No.
62/246,383, filed October 26, 2015, entitled Reciprocating Gas Compressor Valve, incorporated
by reference.

BACKGROUND OF THE INVENTION
[0002] Reciprocating gas compressor valves require a significant amount of strength to
withstand high differential pressures that occur at high speeds in reciprocating gas compressors.
In the reciprocating gas compressor valve, the sealing element engages a valve seat in order to
close gas flow passage ways. This type of valve is used in very demanding and often corrosive
applications. Therefore, there is a high demand for a reciprocating gas compressor valve having
a sealing element that will endure.
[0003] Existing sealing elements include a perforated plate, a ring or a poppet. The sealing
element and a spring are contained in a valve assembly with the seat and a guard. The seat
comprises a series of holes, generating an area for fluid flow. The sealing element moves freely
in an axial direction. During operation, high pressure gas forces are placed on the sealing
element, thus opening the valve. At the end of a cycle, the sealing element is pushed towards the
seat often due to spring force, resulting in the seat surface being sealed and the valve in a closed
position, and thereby obstructing the reverse flow and creating a one direction flow path. The
sealing element then moves reciprocally between the seat and a stop surface to an open position
where gas passes over the sealing element. The sealing element can move between suction and
discharge events of the valve at a rate of 100 to 1200 times per minute.
[0004] Further, often a cartridge is used in the reciprocating gas compressor valve. The
cartridge is press fitted into a hole and contains a sealing surface. Over time, the cartridge sealing
surface deteriorates that causes leakage and inefficient operation. If left untreated, this can result
in severe damage of the compressor and a costly overhaul of the whole compressor system.
[0005] In addition, a reciprocating gas compressor valve often requires large holes or slots in
order to handle the proper amount of gas flow within the valve and as required by the
compressor. The hole is drilled into the seat in order to accommodate cartridge which is then

press-fitted into the hole. However, having a large area for the hole, the seat will lose structural
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integrity or seat strength. To compensate for this loss, the height of the seat must be increased to
withstand the operating pressures. This increased height, in turn, increases the open space in the
valve assembly resulting in increased clearance.
[0006] Further, it is beneficial to minimize pressure drop across the valve and increase its
efficiency. However, increasing lift of the sealing element within the reciprocating gas
compressor can require the overall area for lift and to accommodate an enlarged diameter for
holes. However, large seat holes can cause extrusion of the sealing element at high differential
pressures and result in valve failure.
[0007] Therefore, a need exists to have a valve assembly with enhanced efficiency in
operation while retaining maximum flow area possible and without compromising reliability. In
addition, it is desired to eliminate an increased height of the seat so as to eliminate gas becoming
trapped in the clearance space.
SUMMARY OF THE INVENTION

[0008] A reciprocating gas compressor valve is provided having a seat with a main body and
a plurality of clusters of holes positioned along a common circular or annular locus in the main
body. Each cluster of holes has two kidney shaped holes. The reciprocating gas compressor
valve further comprises a sealing element having a top portion, a bottom portion and a tubular
section. The top portion has a top profile. The tubular section is integrally connected to the top
portion and bottom portion. The bottom portion is raised and has a bottom profile. In an open
position, a flow pathway is provided through the clusters of kidney shaped holes and the tubular
section and the bottom profile abuts a stop surface of the valve. In a closed position, the top
profile abuts the seat for sealing gas flow within the valve.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Figure 1 is an overall perspective view of an embodiment of the reciprocating gas
compressor valve;
[0010] Figure 2 is an overall exploded perspective view thereof;,
[0011] Figure 3 is an overall top view thereof;
[0012] Figure 4 is an overall side elevational view thereof;
[0013] Figure 5 is a bottom view thereof;
[0014] Figure 6 is a cross-sectional view of the reciprocating gas compressor valve of Figure

3 .
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[0015] Figure 7 is an overall top view of the seat of the reciprocating gas compressor valve
of Figure 1;

[0016] Figure 8 is a side elevational view of the seat thereof;

[0017] Figure 9 is a bottom view of the seat thereof;

[0018] Figure 10 is an overall top view of the guard of the reciprocating gas compressor
valve of Figure 1;

[0019] Figure 11 is a side elevational view of the guard thereof;

[0020] Figure 12 is a bottom view of the guard thereof;

[0021] Figure 13 is a top perspective view of an embodiment of the sealing element;
[0022] Figure 14 is a side elevational view thereof;

[0023] Figure 15 is a top view thereof;

[0024] Figure 16 is a bottom view thereof;

[0025] Figure 17 is a cross-sectional view thereof;

[0026] Figure 18 is a top perspective view of an embodiment of the sealing element;
[0027] Figure 19 is a side elevational view thereof;

[0028] Figure 20 is a top view thereof;

[0029] Figure 21 is a bottom view thereof;

[0030] Figure 22 is a cross-sectional view thereof;

[0031] Figure 23 is a top perspective view of an embodiment of the sealing element;
[0032] Figure 24 is a side elevational view thereof;

[0033] Figure 25 is a top view thereof;

[0034] Figure 26 is a bottom view thereof;

[0035] Figure 27 is a cross-sectional view thereof;

[0036] Figure 28 is a top perspective view of an embodiment of the sealing element;
[0037] Figure 29 is a side elevational view thereof;

[0038] Figure 30 is a top view thereof;

[0039] Figure 31 is a bottom view thereof;

[0040] Figure 32 is a cross-sectional view thereof;

[0041] Figure 33 is a top perspective view of an embodiment of the sealing element;
[0042] Figure 34 is a side elevational view thereof;

[0043] Figure 35 is a top view thereof;
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[0044]
[0045]
[0046]
[0047]
[0048]
[0049]
[0050]
[0051]
[0052]
[0053]
[0054]
[0055]
[0056]
[0057]
[0058]
[0059]
[0060]
[0061]

Figure 36 is a bottom view thereof;

Figure 37 is a cross-sectional view thereof;

Figure 38 is a top perspective view of an embodiment of the sealing element;
Figure 39 is a side elevational view thereof;

Figure 40 is a top view thereof;

Figure 41 is a bottom view thereof;

Figure 42 is a cross-sectional view thereof;

Figure 43 is a top perspective view of an embodiment of the sealing element;
Figure 44 is a side elevational view thereof;

Figure 45 is a top view thereof;

Figure 46 is a bottom view thereof;

Figure 47 is a cross-sectional view thereof;

Figure 48 is a top perspective view of an embodiment of the sealing element;
Figure 49 is a side elevational view thereof;

Figure 50 is a top view thereof;

Figure 51 is a bottom view thereof;

Figure 52 is a cross-sectional view thereof;

Figure 53 is an overall perspective view of an embodiment of the reciprocating gas

compressor Valve;

[0062]
[0063]
[0064]
[0065]
[0066]
Figure 18;
[0067]
Figure 16;
[0068]
[0069]
[0070]

Figure 54 is an overall exploded perspective view thereof;
Figure 55 is an overall top view thereof;

Figure 56 is an overall side elevational view thereof;
Figure 57 is an overall bottom view thereof;

Figure 58 is a cross-sectional view of the reciprocating gas compressor valve of

Figure 59 is an top view of the seat of the reciprocating gas compressor valve of

Figure 60 is a side elevational view of the seat thereof;

Figure 61 is a bottom view of the seat thereof;

Figure 62 is a perspective view of the cartridge of the reciprocating gas compressor

valve of Figure 53;
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[0071] Figure 63 is a bottom perspective view of the cartridge thereof;

[0072] Figure 64 is a top view of the cartridge thereof;

[0073] Figure 65 is a bottom view of the cartridge thereof;

[0074] Figure 66 is a side view of the cartridge thereof;

[0075] Figure 67 is a perspective view of the cartridge of the reciprocating gas compressor
valve of Figure 53 showing an embodiment of a sealing element;

[0076] Figure 68 is a bottom perspective view thereof;

[0077] Figure 69 is a top view thereof;

[0078] Figure 70 is a bottom view thereof;

[0079] Figure 71 is a side view thereof;

[0080] Figure 72 is an overall top view of the guard of the reciprocating gas compressor
valve of Figure 53;

[0081] Figure 73 is a side elevational view of the guard thereof;

[0082] Figure 74 is a bottom view of the guard thereof;

[0083] Figure 75 is an overall perspective view of an embodiment of the reciprocating gas
compressor valve having a guard,

[0084] Figure 75A is an overall perspective view of the reciprocating gas compressor valve
without a guard,;

[0085] Figure 76 is an overall exploded perspective view of the reciprocating gas compressor
valve of Figure 75 thereof;

[0086] Figure 76A 1is an overall exploded perspective view of the reciprocating gas
compressor valve of Figure 75A thereof;

[0087] Figure 77 is an overall top view of the valves of Figures 75 and 75A;

[0088] Figure 78 is an overall bottom view of the reciprocating gas compressor valve of
Figure 75;

[0089] Figure 78A is an overall bottom view of the reciprocating gas compressor valve of
Figure 75A;

[0090] Figure 79 is an overall side view of the reciprocating gas compressor valve of Figure
75;
[0091] Figure 79A is an overall side view of the reciprocating gas compressor valve of

Figure 75A;
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[0092] Figure 80 is a cross-sectional view of the reciprocating gas compressor valve of
Figures 3 and 75,

[0093] Figure 80A is a cross-sectional view of the reciprocating gas compressor valve of
Figure 75A;

[0094] Figure 81 is a top view of the seat of the reciprocating gas compressor valve of Figure
L;
[0095] Figure 82 is a side view thereof;

[0096] Figure 83 is a bottom view of thereof;

[0097] Figure 84 is a top perspective view of a cartridge of the reciprocating gas compressor
valve of Figure 75,

[0098] Figure 85 is a bottom perspective view thereof;

[0099] Figure 86 is a top view thereof;

[0100] Figure 87 is a bottom view thereof;

[0101] Figure 88 is a side elevational view thereof;

[0102] Figure 89 is a top perspective view of the cup of the reciprocating gas compressor
valve of Figure 75,

[0103] Figure 90 is a bottom perspective view thereof;

[0104] Figure 91 is a top view thereof;

[0105] Figure 92 is a bottom view thereof;

[0106] Figure 93 is a side elevational view thereof;

[0107] Figure 94 is a top perspective view of the cup assembly of the reciprocating gas
compressor valve of Figure 75;

[0108] Figure 95 is a bottom perspective view thereof;

[0109] Figure 96 is a top view thereof;

[0110] Figure 97 is a bottom view thereof;

[0111] Figure 98 is a side elevational view thereof;

[0112] Figure 99 is a top view and bottom view of the plate of the reciprocating gas
compressor valve of Figure 75;

[0113] Figure 100 is a side view thereof;

[0114] Figure 101 is a top view of the guard of the reciprocating gas compressor valve of

Figure 1;
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[0115] Figure 102 is a side elevational view thereof;

[0116] Figure 103 is the bottom view thereof;

[0117] Figure 104 is an overall perspective view of an embodiment of the reciprocating gas
compressor valve;

[0118] Figure 105 is an overall exploded perspective view thereof;,

[0119] Figure 106 is an overall top view thereof;

[0120] Figure 107 is an overall bottom view thereof;

[0121] Figure 108 is an overall side view thereof;

[0122] Figure 109 is a cross-sectional view of Figure 3;

[0123] Figure 110 is a top view of the seat of the reciprocating gas compressor valve of
Figure 104,

[0124] Figure 111 is a side elevational view thereof;

[0125] Figure 112 is a bottom view of thereof;

[0126] Figure 113 is a top view of the cartridge plate of the reciprocating gas compressor
valve of Figure 104;

[0127] Figure 114 is a side elevational view thereof;

[0128] Figure 115 is a bottom view of thereof;

[0129] Figure 116 is an overall perspective view of the spacer ring of the reciprocating gas
compressor valve of Figure 104,

[0130] Figure 117 is a top view and a bottom view thereof;,

[0131] Figure 118 is a side elevational view thereof;

[0132] Figure 119 is a top view of the guard of the reciprocating gas compressor valve of
Figure 104,

[0133] Figure 120 is a side view thereof, and

[0134] Figure 121 is a bottom view thereof.

[0135] Figure 122 is a top perspective view of an embodiment of the sealing element;

[0136] Figure 123 is a side elevational view thereof;

[0137] Figure 124 is a top view thereof;

[0138] Figure 125 is a bottom view thereof;

[0139] Figure 126 is a cross-sectional view thereof;
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[0140] Figure 127 shows data of effective flow area wversus lift for a reciprocating

compressor valve shown in Figure 1 having eight (8) sealing elements shown in Figures 122 to

126; and

[0141] Figure 128 show data of effective flow area versus lift for a reciprocating compressor

valve shown in Figure 1 having eight (8) sealing elements shown in Figures 122 to 126.
DETAILED DESCRIPTION

[0142] As shown in the figures, reciprocating gas compressor valve 100 (sometimes referred

2 <

to as the “gas compressor valve,” “compressor valve” or “valve) comprises a seat 10 (also
referred to as a seating plate), a guard 12 (also referred to as a guard plate), a sealing element 20
and a spring 22. The seat 10 comprises a main body 94 and a plurality of clusters of holes 16.
The sealing element 20 comprises a tubular section 24 connected to the top portion 19.
Together, the top portion 19 and the tubular section 24 of the sealing element 20 provide a flow
pathway 32 for gas. Thus, in an open position, gas can flow through the plurality of clusters of
holes 16 through the tubular section 24 of the sealing element 20.

[0143] The seat 10 comprises a main body 94 having the plurality of clusters of holes 16.
Each of the clusters of holes 16 extend longitudinally from an outer side 60 of the seat 10. The
reciprocating gas compressor valve 100 can optionally comprise a guard 12. The guard 12 has a
plurality of openings 40a, 40b, 40c, and a port 76, each port corresponding with one of the
cluster of holes 16 in the seat 10. In an embodiment, the seat 10 and the guard 12 can be
assembled together as a valve assembly 44 (Fig. 2). Here, the sealing element 20 and the spring
22 are contained in the valve assembly 44. The guard 12 can have a stop surface 89 in a spaced
relationship from seating surfaces 72 and 74 of the seat 10 and associated with each cluster of
holes 16 and shown in Figure 10 through Figure 12. See also, US Patent No. 5511583, Col. 4 1.
22 through 29, incorporated herein by reference. The guard 12 has flow passages from an inner
side thereof to an outer side which communicate with the space between the stop surface 89 and
the seat 10.

[0144] The sealing element 20 has the tubular section 24 integrally connected to the top
portion 19 of the sealing element 20 having an inner diameter54 and an outer diameter 56. See
e.g., Figures 13 through 52. The top portion 19 of the sealing element 20 has a top profile 30.
[0145] Figures 13 to 17 show an embodiment of the sealing element 20 with the top profile

30 having an angled V-shaped profile shape 52 having the inner diameter 54 and the outer
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diameter 56 rounded. With the angled V-shaped profile shape 52, gas flow is guided from the
seat inlet holes 16 to guard outlet holes 40a, 40b, 40c and 76. The contour 53 of the seating
surfaces 72 and 74 corresponds to the profile shape 52 ensuring that sufficient sealing is
achieved in the closed position and when the top profile 30 is in contact with the seating surfaces
72 and 74.

[0146] Figures 18 to 22 show an embodiment of the sealing element 20 with the top profile
30 having a flat-shaped profile shape 57 and the inner and outer diameters 54, 56 being rounded.
In this embodiment, the contour 53 (not shown) of the seating surfaces 72 and 74 corresponds to
the flat-shaped profile shape 57 to ensure that sufficient sealing is achieved in the closed position
and when the top profile 30 is in contact with the seating surfaces 72 and 74.

[0147] Figures 23 to 27 show an embodiment of the sealing element 20 with the top profile
30 having a combination of the angled V-shaped profile shape 52 and the flat-shaped profile
shape 57 having the inner diameter 54 and outer diameter 56. The angled V-shaped profile
shape 52 is approximately at a mid-point 55 between the inner diameter 54 and the outer
diameter 56 and is designed to direct incoming gas flow from the holes 16 over the portion of the
top profile having the flat-shaped profile shape 57 and to the guard outlet openings (40a, 40b and
40c). The portion of the top profile 30 having the flat-shaped profile shape 52 seals the valve
when the top profile 30 is in contact with the seating surfaces 72 and 74

[0148] Figures 28 to 32 show an embodiment of the sealing element 20 with the top profile
30 having a concave-shaped profile shape 51 with two concave shaped curves 59a, 59b which
flatten at the inner diameter 54 and the outer diameter 56 of the sealing element 20. The concave
shaped curves 59a, 59b are designed to direct incoming gas flow from the holes 16 to the guard
outlet holes 40a, 40b, 40c. The line of contact between concave shaped curves 59a, 59b can be
rounded as well as the inner diameter 54 and the outer diameter 56. The seating surfaces 72, 74
seal the valve 10 when the top profile 30 is in contact with seating surfaces 72, 74.

[0149] Figures 33 to 37 show an embodiment of the sealing element 20 with the top profile
30 having a U-shaped profile shape 61 sloping downward symmetrically from the mid-point 55
between the inner diameter 54 and the outer diameter 56 of the sealing element 20. Figures 38 to
42 show an embodiment of the sealing element 20 with the top profile 30 having the flat-shaped
profile shape 57 with chamfers 63 at the inner diameter 54 and the outer diameter 56. The

chamfers 63 serve several purposes including directing gas flow from holes 16 to the guard
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openings 40a, 40b, 40c when the valve is in an open position. Figures 43 to 47 show an
embodiment of the sealing element 20 with the top profile 30 having a combination of the flat-
shaped profile shape 57 and the concave-shaped profile shape 51. Figures 48 to 52 show an
embodiment of the sealing element 20 with the top profile 30 having a combination of the flat-
shaped profile shape 57 and U-shaped profile shape 61. The flat-shaped profile shaped 57 is at
the mid-point 55 and the U-shaped profile shape 61 is positioned at the inner diameter 54 and the
outer diameter 56.

[0150] A bottom profile 26 of the sealing element 20 abuts the stop surface 89 of the guard
12. Having a specially designed bottom profile 26 of the sealing element 20, static friction is
reduced. Further, as shown in the figures, the bottom profile 26 of the sealing element 20 is
raised to reduce the area in contact with a guard 12, producing less friction in high oil
applications and increasing reliability of the valve in operation.

[0151] The sealing element 20 can be machined from off the shelf rings of hard plastic, and
more specifically, of a polymeric material which is high impact resistant, as well as chemical and
heat resistant, or molded to reduce manufacturing costs. Each sealing element 20 can be of large
and small size variations as shown in the drawings and to simplify tooling and production. To
accommodation a range of valve sizes, the number of clusters are increased or decreased in order
to allow for different valve sizes. The number of clusters can vary according to the number of
holes 16 and openings 40a, 40b, 40c and 40d. The smaller sized sealing element results in a
higher number of clusters which in turn make efficient use of available smaller surface area. The
size of the sealing element 20 can be standardized not only for a given valve, but over the
various sizes of reciprocating gas compressor valves 100, as shown in Table 1.

Table I
Multiple Sealing Elements Used in Compressor Valve 100

Sealing Element Size Valve Size
(in inches)
Small <5
Medium between 4 and 14
Large >10

10
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[0152] The tubular section 24 streamlines gas flow through center of the tubular section 24.
The tubular section 24 directs gas flow in an outward direction through the port 76. A minimal
amount of gas flow is in contact with the spring 22 because the spring is shielded to reduce
turbulence in gas flow and the amount of pressure drop. Hence, gas flowing through the sealing
element 20 experiences a lower pressure drop and has a higher flow rate as a result of the
reduced turbulence in the gas. Hence, gas flowing through the sealing element 20 has a higher
flow rate as a result of the reduced turbulence in the gas. The turbulence can be as much as 60
percent lower because of the elimination of gas contact with the spring 22 in the spring pocket
region (not shown). The spring 22 is protected from debris because gas flow is directed outward
through the tubular region. In the reciprocating gas compressor valve 100, each cluster 66 or 68
of holes 16 comprises two kidney shaped holes 16 that improve the structural integrity of the seat
10. Further, the gas compressor valve 100 can be made having a thinner seat 10 that also results
in lower manufacturing costs and reduced clearance volume. Therefore, the seat 10 can be
constructed for maximum possible flow intake without compromising the strength of the seat 10.
[0153] In an embodiment, the guard 12 can have a plurality of guides 34. See e.g., Figure 10.
The interior of each of the guides 34 provides a port 76 generally aligned with one of the clusters
of holes 16 and an annular aperture 18 (Fig. 5). The inner side 78 of rim 35 of guard 12 abuts the
inner side 70 of the seat 10, but the guides 34 do not (Fig. 6). Except for the guides 34 and
sufficient interconnecting members 36 to connect cylinders 34 to the plate rim 35, guard 12 is
completely open.

[0154] In an embodiment, each of the ports 76 has two sections or portions: a first portion 80
sized to slideably receive the spring 22, and a second portion 82 opening outwardly through the
outer side 88 of guard 12. The top of guide 34 provides an annular stop surface 89 spaced from
the inner side 70 of the seat 10. Each port 76 is sized to receive a spring 22 where the spring 22
rests upon a shoulder formed within the port 76. The sealing element 20 can move reciprocally
in the axial direction between a stop surface 89 of the guard 12 and the opposed seating surfaces
72 and 74 of the seat 10. Valve lift can be controlled by increasing or decreasing the distance
between the stop surface 89 and the seating surfaces 72, 74. One side of the sealing element 20
abuts seating surfaces 72 and 74 when the valve is in the closed position. Sealing surfaces 90 and
92 generally correspond to the seating surfaces 72 and 74. The seating surfaces 72 and 74 are

sized and shaped to engage with the sealing element 20 and to create a seal between the sealing
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element 20 and seating surfaces 72 and 74. In an embodiment, the spring 22 can be supported by
the guard 12 to engage the sealing element 20 and to bias the sealing element 20 toward the
seating surfaces 72 and 74 of seat 10.

[0155] As shown in Figure 2, in an embodiment, the seat 10 and the guard 12 can be secured
together in opposing relation by a plurality of screws 14. Furthermore, as shown in this
embodiment, and others described herein, the reciprocating gas compressor valve 100 is oriented
for use as an intake valve. However, it would be possible to use precisely the same form of
valve as an exhaust valve by simply reversing its orientation, vertically. The seat 10 can have a
thickness reduced at the periphery of its outer side 60 to form an annular, radially projecting
flange 62. Similarly, the guard 12 can have a thickness reduced adjacent to the periphery of its
outer side to form an abutting radially projecting annular flange 64 of similar width as flange 62
and aligned therewith, See e.g., Figure 6. Thus, the flanges 62 and 64, in the assembly, jointly
form a flange whereby the valve may be mounted between the cage (not shown) and the cylinder
pocket (not shown) of a reciprocating gas compressor.

[0156] As described herein, and shown in Figures 1 to 12 and Figures 53 to 112 in the
reciprocating gas compressor valve 100, the seat 10 has a plurality of clusters 68 of holes 16
extending longitudinally into the plate from its outer side 60. More specifically, in one
embodiment of the valve, each of the clusters comprises two holes 16a and 16b in the shape of
kidneys positioned along a common circular or annular locus. The holes can be circular in shape
wherein each cluster 66, 68 will have more than two holes 16. Each hole 16 is not only arcuate,
when viewed in plan, but, as viewed longitudinally in the figures, each hole has a width tapering
inwardly from the outer side 60 of the seat 10 toward its inner side 70. The hole 16 terminates
short of inner side of the seat 70. Each hole 16 of each cluster 68 intersect a common annular
aperture 18 which opens through the inner side of the seat 10 to define a seating surface 90, more
specifically, the seating surface 90 with an inner annular seating surface 72 and an outer annular
seating surface 74, adjacent the inner and outer diameters, respectively, of annular aperture 18.
The seating surface 90 is preferably tapered toward the inner side 70 of the seat 10 but the
seating surface 90 does not have to be tapered and can be flat. They may, for example, define
either spherical or conical loci. As shown in the figures, one of the plurality of clusters 66 of
holes 16 is central having the holes 16b, 16c, 16d and 16e spaced radially outwardly and

circumferentially from one another.
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[0157] As shown in Figures 13 through 52, the sealing element 20 of the reciprocating gas
compressor valve 100 provided herein is generally planar on one side and has the bottom profile
26 for abutment with a stop surface 89. However, approximately midway between its inner and
outer diameters, that side of the sealing element 20 is provided with an annular recess which
receives one end coil of the spring 22. The sealing element 20 can travel between the closed
position engaging the seating surfaces 72 and 74, and an open position engaging stop surface 89.
The spring 22 will normally urge the sealing element 20 into its closed position. Whenever the
pressure in the adjacent end of the gas compressor cylinder and the ports 76 is lower than the
pressure of the gas being taken in to such a degree so as to overcome the force of the springs 22,
the valves will open. When these pressure conditions are reversed, the valves will again be
closed by the force of the springs 22.

[0158] In addition, a bottom profile 26 of the sealing element 20 at the bottom 28 of the
sealing element 20 can be provided. The bottom profile 26 of the sealing element 20 abuts the
stop surface 89 of the guard 12. When a guard 12 is not used, the bottom profile 26 is in contact
with a cup assembly 44 shown in Figure 80. The bottom profile 26 of the sealing element 20 is
raised at the bottom 28 to reduce the area in contact with the guard 12, producing less friction in
high oil applications and increasing reliability of the valve in operation.

[0159] Other than force from the spring 22, the sealing element 20 generally does not require
positive mechanical guidance to move or travel between the open position and the closed
position described above. Generally, the sealing element 20 aligns with the seating surfaces 72
and 74 for several reasons. First, as shown in Figures 2 and 6, there is a substantial amount of
guidance from spring 22 and counter bores 23 in the guard 12. The spring 22 is guided by the
inner diameter of the enclosing portion of the guides 34. Counter bore 23 retain the sealing
element 20 and each side of the counter bore 23 center the sealing element 20 providing guided
vertical movement of the sealing element 20. Second, once the sealing element 20 begins to
move into alignment with its seating surfaces 72 and 74, the tapers of the seating surfaces 72 and
74 and the sealing surfaces 72, 74 of the sealing element 20 can position the sealing element 20
into proper alignment with its seating surfaces 72, 74. Third, when the guard 12 is included in
the valve assembly 44, incoming gas can flow along both the inner and outer diameters 54, 56 of

the sealing element 20 and the guides 34 center the sealing element 20.
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[0160] The sealing element 20 has certain sealing properties that include line contact, and
ring and surface contact. For example, line contact in the sealing region involves designing
elements with tight tolerances and excellent manufacturing capabilities. Any divergence from
this results in valve leakage negatively affecting performance of that unit, resulting in higher
operating costs. However, having adequate surface contact in the sealing region reduces leakage
due to excellent sealing properties. This has the capability of absorbing some manufacturing
anomalies and does not require tight tolerances. Turbulence can be reduced also. The tube in the
sealing element helps streamline gas flow through center of the ring. Since, springs are covers
and the fluid is not in contact with springs, turbulence decreases resulting in increased efficiency.
[0161] The sealing element 20 moves freely in an axial direction in the seat 10. During
operation of the reciprocating gas compressor valve 100, in an open position, high pressure gas
forces move the sealing element 20. At the end of a cycle, in a closed position, the sealing
element 20 is pushed in a reverse direction due to force of the spring 22 thereby obstructing the
reverse flow and creating a one direction flow path and resulting in gases sealed within the
cylinder (not shown).

[0162] More specifically, as shown in the figures and described above, the sealing element
20 moves by reciprocating between the stop surface 89 and the respective seating surfaces 72
and 74. As shown in Figures 13 to 52, one side of a top portion 19 of the sealing element 20
faces and, when the valve is closed, abuts seating surfaces 72, 74, and has sealing surfaces 90, 92
adjacent to an inner and an outer diameter of the sealing element, respectively, and inclined
toward each other, to generally correspond to the taper of seating surfaces 72, 74. For example,
if surfaces 72 and 74 define spherical loci, surfaces 90 and 92 define mating spherical loci; if
surfaces 72 and 74 define conical loci, surfaces 90 and 92 can define mating conical loci; etc.
However, other arrangements are possible. For example, surfaces 72 and 74 could define conical
loci, with surfaces 90 and 92 defining spherical loci tangent to the respective conical loci.

[0163] Optionally, as shown in Figure 53 through Figure 74, the reciprocating gas
compressor valve 100 can comprise a cartridge 50. The cartridge 50 can be press fitted into the
seat 10, as shown in Figure 54. Over time, sealing surfaces 90 and 92 of the sealing element 20
can deteriorate and cause leakage of gas and an overall inefficient operation. If left untreated,
severe damage and a costly overhaul can result to the gas compressor valve 100 and possibly the

gas compressor. However, the cartridge 50 can be replaced in the field using an Arbor press
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provided the leakage is discovered prior to any extensive damage to the reciprocating gas
compressor valve 100 and/or compressor. In this embodiment, the main body 94 can have a
plurality of recesses 96 in an inner side 70 of the main body 94, each recess generally aligned
with a cluster of holes 16. US Patent No. 5511583, Col. 3 1. 50 to Col. 4, 1. 21 incorporated
herein by reference. Therefore, the cartridge 50 can then be positioned within the recess 96 to
define an annular aperture 18 having the seating surfaces 72 and 74.

[0164] The reciprocating gas compressor valve 100 can be used for gas intake and gas
exhaust of the reciprocating gas compressor (not shown). As it relates to the reciprocating gas
compressor valve 100, operative portions of the reciprocating gas compressor include at least one
piston (not shown) and a cylinder (not shown). The reciprocating gas compressor valve 100 is
located in the cylinder of the reciprocating gar compressor. Each cylinder has two ends: a head
end and a crank end. The reciprocating gas compressor valve 100 can be used on both the ends
or either end provided the valve 100 is single acting. The spring and differential pressure across
the valve 100 causes the sealing element 20 to move back and forth within the valve 100 and
thereby provide one way gas flow through the cylinder.

[0165] In addition, the gas compressor valve 100 provided herein has a reduced clearance
pattern between the guard 12 and the seat 10 with respect to the prior compressor valves.
Clearance pattern provides for example that in certain reciprocating gas compressor valves, large
holes are drilled to make room for the cartridges 50. The number of these holes is directly
proportional to the valve diameter. These holes create dead volumes in the valve and these
volumes are not used in the compression cycle. The fluid gravitates to these dead volumes and
this constitutes a loss of flow or throughput. The summation of all these dead volumes is called
valve clearance. Since this valve clearance does not contribute in the compression cycle, they
should be eliminated or reduced. Having a reduced clearance pattern, the reciprocating gas
compressor valve 100 has a higher rate of flow (throughput) and an improved efficiency.

[0166] The greater the number of sealing elements 20 provided in the gas compressor valve
100, the more efficient it is in a cylinder pocket area (not shown) and more gas flow capacity.
Reciprocating gas compressor valves with relatively larger diameters require a greater number of
holes available for gas flow. More sealing elements can be positioned within the valve and this
in turn increases the flow (throughput) through a valve pocket. The number of sealing elements

will further increase the clearance volume in the valve due to higher number of holes. This

15



WO 2017/074940 PCT/US2016/058668

clearance volume is in addition to the compressor clearance volume. See, Compressor Handbook
Hanlon; section 20.7.1, incorporated herein by reference. Dead space in the valve is minimized.
The seat 10, the guard 12 and valve lift remain in balance. Higher number of non-metallic
individual sealing elements also increases valve life. The useful life of a reciprocating gas
compressor valve can be affected by various abnormalities in the system. One of those is liquids
condensed or present in the system. Valves having individual sealing elements tolerate liquids
better than valves having only one sealing element. See, Compressor Handbook Hanlon, Section
20.6: Valve Life, incorporated herein by reference.

[0167] As shown in Figures 53 through 74, in an embodiment, the cartridge 50 and the
sealing element 20 are fixed, matched and interchangeable. The plurality of clusters of holes 16
each have holes with reduced diameters compared to other prior art reciprocating gas compressor
valves and the holes 16 can be produced in two standardized sizes, i1.e., a large and a small size.
Moreover, the cartridge 50 is thinner than in the previous reciprocating gas compressor valve.
For example, the cartridge 50 can have a width of 1/8 as opposed to 7/8 inch.

[0168] As further shown in Figures 75 through 103, in an embodiment of the gas compressor
valve 100, a non-metallic or metallic cup assembly 48 and a plate 38 are provided. In the gas
compressor valve 100, the sealing element 20 and a spring 22 fit into the cup assembly 48, as
shown in Figure 80 and Figures 94 through 98, which removes the need for guard 12. The
reciprocating gas compressor valve can be assembled with a guard or without a guard.

[0169] The cup assembly 48 is intended to ease manufacturing because high tolerances are
not necessary. In an embodiment of the gas compressor valve 100, the seat 10 supports the cup
assembly 48. The width of the seat 10 is, therefore, reduced. In this embodiment of the
reciprocating gas compressor valve 100, the seat 10 provides large holes 46 that fit the cartridges
50. As shown in Figure 76, in the valve assembly 44, each plate hole 39 corresponds a seat hole
46. The number of plate holes 39 and seat holes 46 depend on the size of the reciprocating gas
compressor valve 100. The cup assembly 48 provides straightforward tolerance measurement
which serve to keep production costs down. The gas compressor valve 100 having the cup
assembly 48 can include a spring 22.

[0170] As shown in Figures 104 through 121, in an embodiment of the reciprocating gas
compressor valve 100, the valve 100 includes a cartridge 50 and a spacer ring 42. The cartridge

plate 58 is used in lieu of the cartridge 50 to lower the thickness of the seat 10 and provide
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reduced clearance. The cartridge plate 58 has arcuate holes which align with the clusters of
holes to result in seamless gas flow intake. The spacer ring 42 provides the required area for
sealing element movement.
[0171] Reciprocating compressors are used extensively in the oil and gas industry. Multiple
cylinders can be mounted on the reciprocating gas compressor frame for increased throughput.
To permit a one direction flow, the gas compressor valve is used in the cylinder at the suction
and discharge location. The gas compressor valve can be used at either location by reversing its
direction. Typical industrial applications for the gas compressor valves include gas gathering,
refining, storage, and pipeline transport. Each application requires a different set of operating
conditions.
[0172] Reciprocating gas compressors are typically used for gases with low molecular
weight to heavy gases such as methane that require different pressure ratios and may include
some impurities. The gas compressor valve is used in very demanding and often corrosive
applications. Therefore, there is a high demand for gas compressor valves with components that
endure. Typically, most reciprocating gas compressor valves must be replaced or refurbished at
fixed time interval to eliminate catastrophic failure.
EXAMPLE 1

Increased Flow Area
[0173] Certain prior art valves utilize press fitted cartridges into the seat and one end of the
cartridge serves as the sealing surface for the sealing element. The number of cartridges
contained in the valve 100 is directly proportional to the diameter of the seat 10. In these prior
art valves, the seat has a series of holes that are drilled into the seat to maximize the amount of
flow area and serve as the inlet to the reciprocating gas compressor valve. Equivalent flow area
is used to compare valves of similar dimensions.
[0174] To calculate this area, the reciprocating gas compressor valve 100 is considered as a
fabrication of three orifices in series. A discharge coefficient can be calculated by testing this
valve in a flow tunnel. The discharge coefficient in this example is considered as one. The three
orifice areas are described as seat area, lift area and guard area. The seat area is defined as the
summation of all open spaces in a seat in the axial direction. This is the area of all the tapered

holes in the seat. The lift area equals total of inner and outer circumferential length of the sealing
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element multiplied by the valve lift. The guard area is defined as summation of all the holes
present in the axial direction. Hence, equivalent flow area can be shown mathematically as:

[0175]

_ p
O=0Q~ 2+AP
[0176] To increase the flow area in this cartridge (seat area), the area of the holes must be

increased. However this reduces the size of the “three bridges” that hold the cartridge together.
Reduced size of these bridges results in increased stresses weakening the cartridge load carrying
capacity. Because the cartridge is press fitted, a reduction in size may distort the cartridge and
cause failure due to stress induced by press fit.
[0177] As shown in Figures 127 and 128, the reciprocating gas compressor valve shown in
Figures 1 to 6 was assembled with the sealing element shown in Figures 18 through 22 for an
analysis. The reciprocating gas compressor valve had eight sealing elements and was in
completely pen condition. Further the same valve was made with a larger diameter to
accommodate eleven (11) sealing elements. Figures 127 and 128 show the improvements in
effective flow area in comparison with prior art reciprocating compressor valve and for the
different sizes and at different lifts. At lower lifts, there is significant improvement in flow area
with comparison to at higher lifts. The result is a cost saving in devices and methods where gases
have lower molecular weight and lower lift. A higher effective flow area resulted in low power
consumption leading to lower energy costs. Flow tunnel testing and computational fluid
dynamics were used to calculate the effective flow area.
EXAMPLE 11

Percent Reduction in Clearance
[0178] Clearance volume is the residual space in the compressor cylinder occurring at the
end of the stroke. Clearance comprises spaces in the valve recess and the space between the
piston and the cylinder end. High clearance results in more residual gas trapped at end of each
stroke, resulting in lower volumetric efficiency. Lower clearance is desired because it increases
the volumetric efficiency of the compressor and associated processes.
[0179] In addition to compromising the seat strength, when large holes are required in a

reciprocating gas compressor valve, the height of the seat has to be increased. As large diameter
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holes assist to increase flow area, the height of the seat has to be increased to compensate for a
reduction in structural strength. Increasing the height expands the open space in the valve and
results in enlarged dead volumes. Gas can then migrate into these dead volumes during
compression cycle resulting in reduced throughput. The dead volume is often referred to as a
“valve fixed clearance” and should be minimized as it directly affects performance of the
CoOmpressor.

[0180] Clearance in compressor is a combination of valve clearance and cylinder fixed
clearance. It can be a major issue for compressors with smaller valves. Since small compressors
have smaller cylinders resulting in smaller fixed clearance, any additional clearance in valves
produces a penalty in performance. Large compressors have large cylinders and higher fixed
clearance. Therefore, valve clearance is a very small percentage of total fixed clearance in the
cylinder. But a large clearance in a small compressor has a significant effect on compressor
performance. Hence, valve clearance is critical for smaller compressors with small diameter
valves. Thus valve with a smaller diameter was considered for this calculation.

Table I
Percentage Clearance Reduction

Clearance {in”3} | Total Clearancs

Suction |Discharge| Redudlion
Existing Yalve 12.92 1181
Mew Vahes 12, 1L35

% Reduction

[0181] Table II shows the clearance value comparison for the valves. The valve fixed
clearance at the suction and discharge ends of prior art valves are 12.92 cubic inches and 11.91
cubic inches respectively. This clearance is calculated using by volumetric formulae for cylinder
and CAD software calculated volume numbers as shown in the following equation:

[0182]

Clearance = Valve Envelope Volume — Model Volume

[0183] In the new reciprocating gas compressor valves, large cartridge holes are not present
in the seat. Hence, the seat strength is not compromised and the extra seat height is not required.
This eliminates the open spaces for a similar sized valve and lowers the dead volume. However,

the valve fixed clearance reduction will be different for different diameters of valves. The
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clearances at the suction and discharge ends are 12.14 cubic inches and 11.35 cubic inches
respectively, representing a reduction of approximately 6% and 4.5% at suction and discharge
ends. Hence the combined reduction in clearance is ~10.5% for the valves provided herein.

EXAMPLE III
Reciprocating Gas Compressor Test

[0184] The reciprocating gas compressor valves both existing and the reciprocating gas
compressor valve shown in Figures 1 to 6 having a sealing with the design shown in Figures 18
to 22 were manufactured for compressor testing in a single cylinder, double acting, reciprocating
compressor. The compressor is instrumented with pressure taps at critical locations. In our
testing, temperature readings were taken by inline gas measurement device. A 500 hp electric
motor was used to drive this compressor. A VFD drive was used to control the test speed.
Nitrogen was used as the test fluid. This compressor had a complete loop with a cooling tower.
Test was performed at 700 rpm with a pressure ratio of 2.0. Suction and discharge pressures were
maintained at 100 psi and 215 psi respectively.

[0185] Data (flow, multiple pressures and temperatures) was collected by the electronic data
analyzer using the various pressure taps and analyzed to check for any abnormalities. An inline
flowmeter was installed on the suction side to monitor the fluid flow. Furthermore, a kW meter
was monitoring the power used by the motor to verify IHP calculations taken by the electronic
analyzer.

[0186] This testing performed under controlled environment. Flow was measured with a flow
meter and Indicated Horsepower/MMSCFD was calculated using the data.

[0187] For a prior art valve, flow and IHP/MMSCHD was observed as 1180 SCFM and
48.54 IHP/MMSCEFD respectively. For reciprocating gas compressor valves provided herein, the
numbers improved to 1350 SCFM and 45.48 THP/MMSCFD respectively, representing an
improvement of ~14% in Flow and IHP/MMSCEFD reduced by ~6%. The customer can calculate
dollar savings using the equation below. Data will be different, however, for different fluids,

applications, pressure ratios and diameter of valves.

__ P8
MMSCFD ~ MMSCFD ~ HP—hr

(Customer Savings)

[0188] The certain symbols provided above and used herein are defined herein as follows:
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Q: Flow through the valve; ¢: Equivalent Flow area; ¢: Bending stresses; p: fluid density AP:
Pressure differential across the valve; M: Moment about the neutral axis; I, Second Moment
about the neutral axis; y: distance from neutral axis; w: width of the bridge; h: height of the
bridge; IHP: Indicated horsepower, MMSCFD: Million Metric Standard Cubic Feet per Day; and

HP-hr: Horsepower hour.
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CLAIMS
We claim:

1. A reciprocating gas compressor valve comprising:

a seat having a main body and a plurality of clusters of holes positioned along a common
circular or annular locus in the main body, wherein each of the clusters has two kidney shaped
holes; and

a sealing element having a top portion, a bottom portion and a tubular section, the top
portion comprising a top profile, the tubular section is integrally connected to the top portion and
bottom portion, the bottom portion is raised and has a bottom profile, wherein in an open
position, a flow pathway is provided through the clusters of kidney shaped holes and the tubular
section and the bottom profile abuts a stop surface of the valve, and in a closed position, the top

profile abuts the seat for sealing gas flow within the valve.

2. The reciprocating gas compressor valve of claim 1 further comprising a guard, wherein

the bottom portion of the sealing element is contiguous with the guard in the open position.

3. The reciprocating gas compressor valve of claim 2, wherein the guard comprises a

plurality of openings, wherein each opening is adjacent to one of the cluster of holes.

4. The reciprocating gas compressor valve of claim 1, further comprising a seat wherein the

seat has a low clearance volume.

5. The reciprocating gas compressor valve of claim 3, wherein the guard controls the

travel of the sealing element.

6. The reciprocating gas compressor valve of claim 1, wherein the sealing element

comprises a non-metallic material.

7. The reciprocating gas compressor valve of claim 1, wherein a coil spring is positioned

between the sealing element and the guard to time movement of the sealing element.
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8. The reciprocating gas compressor valve of claim 1, further comprising a cartridge or a

cartage plate operably engaged with the sealing element.

0. The reciprocating gas compressor valve of claim 1 further comprising a plurality of

sealing elements.
10. The reciprocating gas compressor valve of claim 9, wherein the reciprocating gas

compressor valve further comprises a plurality of guides for positioning a plurality of sealing

elements.
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