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This application clains priority to U S. Provisiona

Pat ent Application No. 61/057,790, entitled
"‘Weardoailse22Vol ume Head", filed on May 30, 2008¢Taliochoi1468
is herein incorporated by reference in its entirety.

FI ELD OF THE | NVENTI ON [ 0001] Enbodi nents of the

present invention relate generally to conpressors.

More particularly, sone enbodi nents of the present
invention relate to conpressors havi ng

vari abl e- vol une hegggyaBAEKIUNE HE A902] This section

is intended to introduce the reader to various aspects
of art that may be related to various aspects of the
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claimed below. This discussion is believed to be helpiul in providing the reader with
background information to faciiitate a better understanding of the various aspects of the
present invention. Accordingly, it should be understood that these statements are to be

read in this light, and not as admissions of prior art.

[0003] Reciprocating compressors are frequently used to compress and transport
fluids, such as natural gas. Generally, a reciprocating compressor includes a piston and
a cylinder. During compression, inlet valves temporarily open to allow the fluid to flow
into the cylinder. Then, the inlet valves close, and the piston is driven through the
cylinder, reducing the volume of the cylinder in which the fiuid is disposed and elevating
the pressure of the fluid. The change in the volume of the cylinder during the
compression stroke of the piston is referred to as the “swept volume.” Near the end of
the piston’s travel, an outlet valve is opened and the compressed fiuid flows from the
cylinder.



2 [0004] Conpressors are often characterized by their
volunetric conpression efficiency. This paraneter is
the ratio of the swept volume to the total volunme of
the cylinder that houses the fluid being conpressed.
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will become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts
throughout the drawings, wherein:

[0007] FIG. 1illustrates a partially-sectioned elevation view of an embodiment of a
COMPressor;

[0008] FIG. 2 illustrates a cross-sectional elevation view of an embodiment of a
variable-volume head that may be included in the compressor of FIG. 1;

[0009] FIG. 3iliustrates a perspective view of an embodiment of a piug that may be

included in the variable-voiume head of FIG. 2;
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illustrates a perspective view of an enbodi nent of an
adj ustment screw that may be included in the

vari abl e-vol une head of FIG 2; [0011] FIG 5

v usbnmbes a perspective view of the vari abbervsdommeiics
head of FIG 2 being adjusted in accordance with an
enbodi nent of the present Bechnique; [0012] FIG 6
illustrates a cross-sectional elevation view of the

vari abl e-vol une head of FIG 2 adjusted to increase

vol unetric conpression efficiency in accordance with
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i nvention will be described below In an effort to
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i npl enentation, as in any engineering or design
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busi ness-rel ated constraints, which may vary from one
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syst lex and tinme consum ng, but woul d neverthel ess be
a routine undertaking of design, fabrication, and
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of an &céuaimgpiemegi@@@r@mw Npebe described in the spec;flcatlon It should be
appreciated that in the development of any such actual implementation, as in any
engineering or design project, numerous implementation-specific decisions must be
made to achieve the developers’ specific goals, such as compliance with system-related
and business-related constraints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development effort might be complex
and time consuming, but would nevertheless be a routine undertaking of design,
fabrication, and manufacture for those of ordinary skill having the benefit of this

disclosure.

[0016] When introducing elements of various embodiments, the articles “a,” "an,”
“the,” “said,” and the like, are intended to mean that there are one or more of the
elements. The terms “comprising,” “including,” “having,” and the tike are intended to be
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that there nay be additional elenents other than the
listed elenents. The use of "top," "bottom™" "above,"
"bel ow," and variations of these terns is nade for
opoveniienpe, but does not require any parti cueb@ans 009041468
orientation of the conponents relative to sone fixed
reference, such as the dirédction of gravity. The term
"fluid" enconpasses |iquids, gases, vapors, and

conbi nations thereof. [0017] FIG 1 illustrates an
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corapEes? 1© #6196P<16F pneumatic drives. In operation, the
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engine 16 drives a rod coupled to a crankshaft in the crankcase 18 via a crosshead.
The crankshaft in the crankcase 18 is coupled by an axle to the flywheel 20, which
provides an inertial mass that functions as a reservoir for angular momentum. The
crankshaft in the crankcase 18 is also connected to the piston 22 via the rod 24 and
another crosshead. The piston 22 and the cylinder 14 have a generally complementary
generally right circular cylindrical shape that is generally concentric about a centrat axis
32. The cylinder 14 includes inlet passages 34 and outlet passages 36 that are in fluid
communication with the valves 26 and 28. The valves 26 and 28 may include a variety
of types of valve members, such as a plurality of poppet valves that are biased against



32. The cylinder 14 includes inlet passages 34 and
outl et passages 36 that are in fluid conmunication
with the valves 26 and 28. The val ves 26 and 28 nay
include a variety of types of valve nenbers, such as
avpbuavalspfzy of poppet val ves that are bi asedragasnstosics
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to the passages 34 and 36. 5l n sone enbodi nents, the

val ves 26 and 28 are check val ves configured to open
in response to a pressure in the cylinder greater
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[0020] FIG. 2iliustrates a cross-sectional elevation view of an embodiment of the
variable-volume head 12. In this embodiment, the variable-volume head 12 inciudes a
head bedy 40, a plug 42, an adjustment screw 44, a collar 46, and a cap 48. Each of
these illusirated components 40, 42, 44, 48, and 48 is generally concentric about the
central axis 32 and is made of steel or other appropriate materials.

[0021] Inthe iliustrated embodiment, the head body 40 includes a flange 506, a
tubular portion 52, and a distal portion 54. The iilustrated flange 50 is a generally
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mate with a compiementary surface on the collar 46.



radially inward fromthe tubular portion 52 and is
generally orthogonal to the central axis 32. In this
enbodi ment, the distal portion 54 includes an aperture
78 and a mating surface 80. The aperture 78 generally
ded eangsicz2ri ght-circul ar-cylindrical vol unme phaUSIo®/041468
generally concentric about and coaxial with the
central axis 32. The illustrated aperture 78 extends
through the distal portion 54 to the interior 72 of
the head body 40. The mating surface 80 is generally
perpendi cular to the central axis 32 and is shaped to
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tubular member 86 meets the base &4. A threaded aperture 104 exiends through the

inner tubular member 86 to the recess 100. The threaded aperture 104 is generally
coaxial with, and concentric about, the central axis 32. Additional details of the plug 42
are described below with reference to FIG. 3, which illusirales a perspective view of the

plug 42.

[0026] In this embodiment, the adjusiment screw 44 is a generally right-circular-
cylindrical member that extends generally coaxial with the central axis 32. The
ilustrated adjustment screw 44 extends through the plug 42, the collar 46, and into the
cap 48. The presently described adjustment screw 44 includes a threaded portion 1086,



The illustrated inner tubular nenber 86 includes a
fillet 102 near where the inner tubular nenber 86

neets the base 84. A threaded aperture 104 extends

t hrough the inner tubular menber 86 to the recess

MO 2007he212hr eaded aperture 104 is generally pcoaxzoadoilics
Wi th, and concentric about, the central axis 32.
Additional details of the plug 42 are described bel ow
with reference to FIG 3, which illustrates a
perspective view of the plug 42. [0026] In this

enbodi nent, the adjustnent screw 44 is a generally
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conpl enentary threads on the collar 46. The sealing
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explahaebaow sioathrebdiein the threaded aperture 126 may have a finer thread pitch
then the threads in the threaded aperture 104 to reduce the movement of the

adjustment screw 44 relative to movement of the plug 42.

[0028] The flange 118 is a generally annular member that extends generally
perpendicular to the ceniral axis 32. A plurality of bolts 130 extend axially through the
flange 118 and secure the collar 46 to threaded apertures in the head body 40. The
bolts 130 also transmit {oads from the piug 42 to the head body 40 via the coliar 46.
These forces are transmitted through the adjustment screw to the collar 46 by the
coupling formed between the threaded portion 110 and the threaded aperture 126. A



device configured to relieve pressure in the threaded
aperture 126. As explained below with reference to

FIG 4, which illustrates conplenmentary structures on
the adjustnent screw 44, the threaded aperture 126,
iwothiogsembodi nent, is threaded in an opposi trET/US2009/041468
direction relative to the threaded aperture 104 in the
plug 42. Further, as is also explained below the
threads in the threaded aperture 126 nmay have a finer
thread pitch then the threads in the threaded

aperture 104 to reduce the novenent of the adjustnent
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em%&%ment is removable by hand. As explained below, the cap 48 may be removed {o
access the too! interface 114 of the adjustment screw 44, When the adjustment screw
44 is not being adjusted, the cap 48 is returned to the adjustment screw 44 to protect

the adjustment screw 44 from the environment.

[0031]  FIG. 3illustrates additionat details of the plug 42. In this embodiment, the
plug 42 includes a groove 148, The illustrated groove 148 is recessed generally radially
into the plug 42, orthogonal to the central axis 32, and extends generally parallel to the
central axis 32. The illustrated groove 148 does not penetrate entirely through the outer
tubular member 82, but it does extend axially along and radiaily into both the sealing
surface 88 and the recessed portion 94. The groove 148 includes a deeper portion 150



of the cap 48 includes a generally conical tip 144 and

a generally right-circular- cylindrical portion 146
extendi ng through the remai nder of the cap 48. The

seals 140 and 142 may include a variety of types of
SEQR®Y/1HeT2 exanpl e, the seal 142 may be a T- rermgoos/vd41468
seal, and the seal 140 may be an Oring seal. In sone
enbodi nents, the seals 140!8nd 142 are fornmed with

el astonmers. The cap 48 may be renovable fromthe

adj ustnment screw 44 with or wi thout tools. For

exanple, the cap 48 of the illustrated enbodinent is
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42 includes a groove 148.” The i1l ustrated
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Ge tations. I n sone enbodi ments, the threaded

ortlon 106 is right-handed, and the threaded portion

110 is |l eft-handed. Consequently, rotation of the
[0033]  The pitch of the threaded portion 106 may be substantialiy greater than the

pitch of the threaded portion 110, such that a given amount of rotation of the adjustment
screw 44 produces more movement in an object coupled to the threaded portion 106
than in an object coupled to the threaded portion 110. For instance, the threaded
portion 110 may have more than 4 threads per inch, e.g., generaily equal to 8 threads or
more per inch. In addition, the threaded portion 106 may have fewer than 4 threads per
inch, e.g., generally equal to or less than 2 threads per inch. As explained below,
having relatively fine pitched threads on the threaded portion 110 may result in retatively
little axial movement of the adjustment screw 44 through the collar 80 (FIG. 2) during



adj ustment screw 44 in one direction tends to bring

obj ects coupled to the threaded portions 106 and 110
toward one another, and rotation in the other

direction tends to drive those objects away from one
anoehenis212n ot her enbodi nents, the orientati oarofo0vihess
threads 106 and 110 nay be reversed, or it may be the
sanme. Having oppositely ofiented threaded portions

106 and 110 is believed to enhance the nechanica

advant age of the threaded couplings forned by the

t hreaded portions 106 and 110, as both threaded
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screw 44, which also tends to reduce the anount of
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14 é(pu@t ermap 48 is removed, and the adjustment screw 44 is rctated In some

embodiments, the cap 48 is removed by un-threading the cap 48 from the adjustment
screw 44, or in other embodiments, the cap 48 is removed by applying an axial force to
the cap 48 and overcoming friction that secures the cap 48 to the adjustment screw 44.

[0036] [n some embodiments, the cap 48 includes a gauge 156 that corretates axial
movement of the adjustment screw 44 with changes in the volume of the interior 74 of
the cylinder 14 (FIG. 2) produced by movement of the plug 42. To use the gauge 156,
the cap 48 is inverted and placed on the flange 118 of the coliar 46 to axially atign the
gauge 156 with the variable-volume head 12. Then, an initial volume of the inlerior 74



screw 44. [0034] In sone enbodi nents, the adjustnent
screw 44 does not translate axially as it rotates.

For exanple, the threaded portion 110 may be onitted
(which is not to suggest that other features may not
atsoobewon tted), and an annul ar fl ange may pxt/esmoon41468
generally radially fromthe adjustnent screw 44 near
where the threaded portionia10 is positioned. The
flange may mate with an annul ar groove in the collar

46 (FIG 2), and together, these conponents nmay all ow
the adjustnment screw 44 to rotate while generally
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axial movement of the piug 42 relative to the adjustment screw 44 add together to yield
a net movement of the plug 42 that is larger than either individual axial movement.

[0038] After adjusting the adjustment screw 44, the gauge 156 (FIG. 5) may be used
io defermine the change in volume of the interior 74 of the cylinder 14 (FIG. 2). The
new axial position of the adjustment screw 44 is correlated with a volume of the interior
74 by positioning the cap 48 on the flange 18 (FIG. 2) and determining which mark on
the gauge 156 generally corresponds with a given point on the adjustment screw 44.
The mark indicates the volume of the interior 74 (FIG. 2) corresponding to the position
of the adjustment screw 44.



position of the plug 42. The range of notion of the

plug 42 is illustrated by FIGS. 2 and 6, which
illustrate the plug 42 retracted and extended,
respectively. The adjustnment screw 44 may be rotated
rif a@iige213y appl ying a tool, such as a w enclRCOMUSAO/ 041468
wheel, to the tool interface 114 and rotating the

tool about the axis 32, as!Pndicated by arrows 158 in
FIG 5. In sone enbodi nents, the adjustnent screw 44
may be rotated with a powered device, such as an

el ectric notor or a pneumatic notor. As the adjustnent
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in the thread pitch of the threaded portions 106 and 110 (FIG. 4). In some
embodiments, the distance 160 is larger than or generally equal to 2 times the distance
162, 3 times the distance 162, 4 times the distance 162, or five times the distance 162.

[0042] The seals 96 and 98 and the threaded coupling between the threaded portion
106 and the threaded aperture 104 may impede or seal fluids from flowing between the
interior 74 of the cylinder 14 and the interior 72 of the head body 40. Should the
pressure in the interior 72 rise, the seals 136 and 132 tend to prevent that pressure from

driving ftuid to the atmosphere.



conparing FIG 2 and FIG 6. FIG 2 illustrates the

plug 42 in its retracted position. In the retracted
position, the volune of the interior 74 of the

cylinder 14 is generally increased or nmaximzed. As a
reeub® e the state illustrated by FIG 2, teheus2000/041468
conpressor 10 (FIG 1) operates with a relatively

low, e.g., mnimzed, volunetric conpression

efficiency. In the equation for volunetric conpression
efficiency, i.e., the swept volune divided by the

total volunme of the cylinder 14 (FIG 1), the
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[0046] F!G. 8illustrates an example of a compression system 166 that includes the
variabie-volume head 12 described above. The sysiem 166 includes a naturai-gas well
168, the engine 16, a compressor 10 that includes the above-described variable-volume



WD 2009/ 146222 PCT/ US2009/ 041468 14 [0043] Further,
the threaded coupling between the relatively fine
threads of the threaded portion 110 and the threaded
aperture 126 in the collar 46 are believed to prevent
deoris/ifeexm penetrating the collar 46 and enteriuggotdescs
interior 72 of the head body 40. This is believed to
extend the useful |ife of tlhe variabl e-vol une head 12.
[0044] FIG 7 illustrates another cross-section of the
variabl e-vol ume head 12 that is generally orthogona
to the viewillustrated by FIG 6. This view
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[0046] FIG 8 illustrates an exanple of a conpression
system 166 that includes the variable-volune head 12
descri bed above. The system 166 includes a natural -gas
well 168, the engine 16, a conpressor 10 that
Iie kstfes212he above- descri bed vari abl e- vol une PADUS2009/041468
2009/ 146222 PCT/ US2009/ 041468 15 head 12 (FIG 2),
and a pipeline, storage, orfCother fluid destination
169. The gas well 168 may be a subsea or a surface
natural gas well. The engine 16 may be a two-stroke
conbusti on engi ne havi ng between 40 and 800 hp, e.g.,
bet ween 40 and 200 hp. [0047] In operation, natura
Chgﬁasfloms fromthe gas well 168 to the conpressor 10,
aS illustrated by arrow 170. A portion of this flow
1.1 s di %elevied, ¢oongdriseigengi ne 16, as illustrated by arrow

172. l,vert w_Q 2 .be conditioned by
remv;ﬂgtuﬁ%?g%?ﬁgg'pgérsg'\ggﬁgﬁté n&%ﬁ'és'@%s pressure before
bei ng 1 mtraddalegs dooverdrecanigistien #6gindhe engi ne 16
conbust g t i.ver fuel. 17 nd drives. 4
or ot he% Cﬁ@%ﬂ%ﬁ%@awﬁ'ﬁqeﬁ %grg}f' ,U'%du@)r%goeai\ée éﬁgiragﬁ%‘s]%ﬁ ?ultélﬁtd
compssed tirapoa®er s t he conpressor 10. The conpressor 10
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suscepti bl e %Reé’c% us nodifications and alternative
fornms, specific e di ments have been shown by way of
exanpl e i n tdreaddstandingsevandataalyeobged taiedeial éddy;n

detail herei glgx(}ﬁ . I .St .
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scrpwrariccul ar forns disclosed. Rather, the invention is

to cover all j fication ' I
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2. The device of claim 1, wherein the anti-rotation device comprises:

a groove; and

a guide pin extending into the groove, wherein the guide pin extends between
the plug and the variable-volume head.

3. The device of claim 1, wherein the adjustment screw comprises:

a first threaded portion extending into the plug; and

a second threaded portion through which the adjustment screw is rotatabily
coupled to the head body.



1. A device, conprising: a natural-gas conpression
system conprising: a natural-gas powered conbustion
engi ne, a conpression cylinder configured to receive
natural gas and output conpressed natural gas; a
pi@eomig@izposed in the conpression cylinder aqdus2009/041468
configured to translate through the conpression
cylinder in response to nedhani cal power received from
the natural-gas powered conbustion engine: a

vari abl e-vol une head nounted to the conpression

cylinder and configured to vary a conpressible vol une

4. of t h?h@@é@é&@ﬁdiéﬁﬁ} §WHem¢fhe f%@ﬁr@h@ec} B&(tlon and the second
vari abl e-vol une head conprises: a head body

thregfjeddioniontarg @P@W‘ﬁeb’t%@&ﬂdﬁu@‘bﬁ}ﬂ e@e tSdlqhh aamﬁéegoﬁﬂaé@@othar is
lefflahgledioveabl e in threaded engagenent with the
adjustment screw, and an anti-rotation device coupl ed
to the plug, the head body, or both, wherein the

5. anti - 1l @évi@NofdeMnce vdh%re@r?ﬂwfe'fﬁé{rﬂ?r@aéé?j ;bé‘FF?@rﬁjﬁaé D8rsPlrthd
fromrotating relative to the head dy as the

Piteijubstenbslly la@peilnar grsgeed thpeadyhieh @éiﬂecs@C@n*d Bregdag portion
wherein the anti-rotation device conprises: a groove;

and a_gui de p|n extending into the groove, wherein the
5. gui doTH PR YR IRBE thEIEstHirag0ashep i prpand the second

thr¥@ielighHRn\Pé BpBodieRbriedtegThe device of claim 1,
wherei n the adjustnent screw conprises: a first

t hreaded portion extending into the plug; and a second

7. thr eagledvip@rdoh@ist-gr ough whi ch the adjustnment screw is
rotatably coupled to the head body. WO 2009/ 146222

PCT/ US?@(?@)QM@LH@S hegg, comprising:
a moveable member configured to vary the size of a volume that houses a

compressible fluid, wherein the moveable member comprises a first threaded aperture;
an adjusiment screw having a first threaded portion mated with the first
threaded aperture of the moveable member,

8. The device of claim 7, wherein the adjustment screw comprises a second

threaded portion.

9. The device of claim 8, wherein the first threaded portion has first threads that
are oriented in an opposite direction relative to second threads of the second threaded
portion.

10. The device of claim 8, wherein the first threaded portion has a first thread
pitch that is substantially larger than a second thread pitch of the second threaded

portion.

11. The device of claim 8, comprising a head body coupied to the adjustment
screw via the second threaded portion.



4. The device of claim3, wherein the first threaded
portion and the second threaded portion are

oppositely oriented such that one is right handed and
the other is left handed. 5. The device of claim 3,
whiegepmicgle first threaded portion has a firSUTURIeHE 1468
pitch substantially larger than a second thread pitch

of the second threaded port'fon. 6. The device of
claimb5, wherein the first threaded portion and the
second threaded portion are oppositely oriented. 7. A
devi ce, conprising: a variabl e-vol une head,

12C0NPr iThé BGvicA oMYA, @oMBAREH 2 COMrnaURE Y defoN@iiYeddlBE
size of a volunme that houses a conpressible

\ _ , fluid,
DGR P ENFHEG WEN HiR 288N MiRadse Podip v Neiel e ppd Podihis SapRigd to
theaRBlidtee: scrd viadhalsbipent screw having a first threaded
portion mated with the first threaded aperture of the

nmoveabl e nenber. 8. The device of claim7, wherein the

13ad] USW@B&yi%b%iﬁ%bh@ﬂ&&ﬁaﬁ%ﬁ@%atidr%@ﬂﬁ%nﬂ@rb&j en.
9. The devgce of cl aim 8, erein the first threaded

IMmpgie P EHOM AP QeapiReepe iangloy e mpyeailedembenly transiate.
opposite direction relative to second threads of the

seconﬁi t hr eaded ,R{)rti n. [ 10. The device of claim 8,
Toher el i° PRAECS P ERIM 1 shgesln et sAlaRes devies ¢URPISRE @4H00ve

anutgiietgvatishsscauh sieagibbad | y | arger than a second
t hread thiat c!t)w of theeag;econd threaded portion. 11. The

device of claim@8, conprising a head body coupled to

151 he avhalgévignss c|§ﬁwr?e,wOM8asih@a coepriRdot dupadad ROVdriaBmR.
WO %\%gg/ 146222 PCT/ US2009/ 041468 18 12. The devi ce of

VOIUN%iN%P491, comprising a collar having a second threaded
aperture mated with the second threaded portion,
wherein the head body is coupled to the adjustnent

185cr ew \TENYhECRBITFIEY"
rotating a member relative to a compressor through a first angular distance;
translating the member a first axial distance in response to rotating through
the angular distance;
rotating the member relative to a plug through a second angular distance;
axially moving the plug the first axial distance plus a second axial distance
determined by the second angular distance; and
changing a compressible volume of a compressor with the plug.

17. The method of claim 16, wherein the first angular distance is generally equal
to the second angular distance.

18. The method of claim 16, wherein the first axial distance is substantially
smaller than the second axial distance.

19. The method of claim 16, comprising receiving torque from a tool interface.



13. The device of claim7, conprising an anti-rotation
device configured to inpede rotation of the noveable
menber and all ow the noveabl e nenber to transl ate.

14. The device of claim 13, wherein the anti-rotation
deizee/1¢erpri ses a groove and a gui de pin dirsposedyines
the groove. 15. The device of claim7, conprising a
conpressor coupled to the Vidriable volune head. 16. A
met hod, conprising: rotating a nmenber relative to a
conpressor through a first angul ar di stance;

translating the nmenber a first axial distance in

201 eSPOIT$e nd@hdPbialding: el BEAEGIng @iegn@n@%@%a@éysﬁé\ﬂ%:owam an
rotating the nenber relative to a plug through a

NeRU S @ MG 8k NEICRIRIRSED" axi al |y noving the plug the
first axial distance plus a second axial distance
deternmi ned by the second angul ar di stance; and
changi ng a conpressi bl e volunme of a conpressor with
the plug. 17. The nmethod of claim 16, wherein the
first angular distance is generally equal to the
second angul ar di stance. 18. The nmethod of claim 16,
wherein the first axial distance is substantially
smal l er than the second axial distance. 19. The nethod
of claim 16, conprising receiving torque froma too
interface. WD 2009/ 146222 pCT/ U 62009/0-! 1968 19 20.
The nmet hod of claim 16, conprising biasing the plug
away fromor toward an interior of a cylinder of the
conpr essor



