VARI ABLE- VOLUME HEAD CROSS REFERENCE TO RELATED
APPL|I CATI ON [ 0001] This application clainms priority to
weR®I/1R2eyi si onal Patent Application No. 61/ 05FCT082009/041468

entitled "Variabl e-Vol une Head", filed on May 30,

2008, which is herein incorporated by reference in its

entirety. FIELD OF THE | NVENTI ON [ 0001] Enbodi nents of

the present invention relate generally to conpressors.

More particularly, some enbodi nents of the present

i nvention relate r vari abl e-vol une

heads. BACKGROUND Mﬁéﬁ?ﬁ-@égﬂ%& s intended to

i ntroduce the reader to various aspects of art that

may be related to various aspects of the present
CROSSRERHRENCE!TO IRELATED APPIIGATION:| ai med bel ow Thi s
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present invention. Accordingly, it should be

'ncorméﬂwdéfﬂ?r@%ﬁ'nt'ﬁe@%'r%tt’atements are to be read in
this light, and not as adm ssions of prior art. [0003]
Reci procati ng conpressors are frequently used to

FIELD OFPTREINYENTIOANSport fluids, such as natural gas.
Cenerally, a reciprocating conpressor includes a

iston and a cylinder. During conpression, inlet
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Iston I's driven oug e cylin , cing
vaﬁmjmﬂdquMBadﬁ the cylinder in which the fluid is
di sposed and el evating the pressure of the fluid. The
change in the volune of the cylinder during the
BACKGROUNI| on stroke of the piston is referred to as the
"swept volune." Near the end of the piston's travel,

o002 S Saboh b RNV PRSCROTRS $9155 Bl oo v
may btemeraecﬂ & varexliskaspebisi of the present inveniiom méssh are described or
claimed below. This discussion is believed to be helpful in providing the reader with
background information to facilitate 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 fluid 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 fluid flows from the
cylinder.



efficiency. This parameter is the ratio of the swept
volunme to the total volune of the cylinder that houses
w0 b@oftbazed bei ng conpressed. A hi gh vol unet ri cPCT/US2009/041468

efficiency generally correlates with a larger outl et

pressure, as a substantial2portion of the vol une of

the cylinder is swept by the piston, and a | ow

volunetric efficiency generally correlates with a

Iomer outl et pressure, as the percentage reduction in

| inder's volunme durj t.on ke is | owner.

10004] 0 SEIMAFRES SRR RUFT Enaideisy Bed bR TR FPBITSTEs cdfpiesson

effrcreﬁby e“i’fh%q:@@ér%fe@ﬁs fRYraf8hof R éWérStW%ﬂJrhé’td e Bk VB dof the
whi ch the conpressor operates. A conpressor design may

cylindpethas bauses thevhid beifg sompyessses A hieh lpaelEcafiiciency generally
correlﬁt‘é@%ﬁ?& PctrrgerI Suth EF&YSEFH a%oa{‘guﬁslté?ﬁt% gggﬁgﬁggtﬁ?ycgume of the

0SS S onpresso
cyIrndears;ewept |bylt|eda prstcrrs anmde low \mtmmetrrcmftaeem;egerwally correlates with

co ents stream or downstreamfr essqr .
a lowsiegBhSRsR U & 5 BhiCenfaai eHuCEEr BE chices SYBRFaE frgno 2
p,stondg;gjk@eg.mwérdl fferent applications. These variations
and others can affect the performance of a conpressor.
it would be useful to be able to tune a

Acco
[0005]:onﬂh@é@gt“}‘/%t”(?&PmPéﬁﬁ'@ %@%PE&Q% B 9IeNGARIRESOr may not be

i j fo e
AR5k A, BRI i o kAt gegor desion may

be usgRm/e Nty @hoB3temsdbat exppsetthe comperasoessio %@r@@t sonditiens. For

exam i AL 8 e Ginen 1B B BRae Y B sPieth e P Bl or

outletrpeestum? tds ¢aphsoremteupsirddne oadownpmam m@ndtrmmmgpresaor may
' i ke char acters regbgg‘ent t hrou

, whi ch rt
'mpeotertbwjtoaw i THY8 (NG ARMBIESSO Fring @Legrfegl'” Eliftef%ﬁt E ations.

ThesddldiiBht ¥nastitdsrad emteet/@te SehioY g br @RoRBRSSHoReAocaitingly.
a conpressor, |ustrates a

it woulsh logs ysefetto Qﬁh&b'eéD éblfﬁ a@ﬂmresﬁoos VQW@%@QDWF\QSS&“ efficiency

sccortBi BB TE, REGtb <l ol S5 Bhdr L,
per spective view of an enbodi nent of a plug that may
BRIEPDESCRIPTION OF THE DRAWINGS

[0006] These and other features, aspects, and advantages of the present invention
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. 1 illustrates 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. 3illustrates a perspective view of an embodiment of a plug that may be
included in the variable-volume head of FIG. 2;



included in the variabl e-vol une head of FIG 2;[0010]
FIG 4 illustrates a perspective view of an enbodi nent
wW@Rooan4@el} ust ment screw that may be incl uded iPCT/H82009/041468

vari abl e-vol une head of FIG 2; [001 1] FIG 5
illustrates a perspective ¥i ew of the variabl e-vol une
head of FIG 2 being adjusted in accordance with an
enbodi ment of the present technique; [0012] FIG 6
illustrates a cross-sectional elevation view of the
ari_abl e-vol unme head of FIG 2 adjusted to increase
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I ust rates another cross-sectional elevation view
eneral ly orthogonal to the views of
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speci fic enbodi nents of the present invention will be
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ement ation nma e descri
embodipmritfoiftmip)r@eentltteclsdnquéd be appreciated that in the
devel opnent of any such actual inplenentation, as in
ny o, nee or_.desi r ct ner ous
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orthodt®ial RyBetviewsleVeIG®er and epged fi ¢ goal s, such as
conpliance with systemrel ated and bu3| ness-rel at ed
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systerd. devel opnent effort might be conplex and tine
consum ng, but woul d neverthel ess be a routine
undert aki ng of design, fabrication, and manufacture

DETAIPEDIDESERP TIONIOFSPEEIFIC! EMBmeEmBs benefit of this
di scl osure. [0016] When introducing el errents of

various enbodi nents, the articles "a," " " "the
[0015% 5 5 Qe orgRarea ?rFéeC!ﬂCk%nb%ﬁ“@eNﬁ @HB@@VQ?@W@{'%W”{ %P‘@SC“bed

below?!f aANGd to B8 ddMRise description of these embodiments, all features
of an actual implementation may not be described in the specification. 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 like are intended to be



el ements. The terns "conprising,"” "including,"

"having," and the like are intended to beinclusive and
worean/14d222 t here may be additional el enents ot PEF/USI0891041468

the listed elenments. The use of "top," "bottom"

"above," "below, " and varidtions of these terms is

made for conveni ence, but does not require any

particul ar orientation of the conmponents relative to

sonme fixed reference, such as the direction of
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a recjprocatin i ston. The engi ne . a
Beforg gasalinghing el rolumgeadc trprastal Rheieaiuges eifhene,
compfesSor 1@ aft 88&kibepgi ne. Qther enbodi ments may include

ot her sources of nechani cal power, such as electric

notors or pneumatic drives. In operation, the engine
[0018) ¢ dppyVlibstratiedherrBRigsFeid! @ MChIdes AN ICATS 16,2 eregk case 18, a
k Vi r i i
tyun ] 20CE RS oMd ol RRLoRand 8, SHARSRARY, bnipgament
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PrRraRRddEe8 18 P BY S0 Ee et Tl 19t A CPPST ot 22 R'E
ignitiohlehgire e, aabsanetdies. OtessdraBolimEne Miag tiudsomad sources of
the cylinder 14 have a gener al Ig conpl ementary
mechanical power, such as electric motors or pneéumatic drives. In operation, the
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 central 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



generally right circular cylindrical shape that is

generally concentric about a central axis 32. The
w@ongee2 14 i ncl udes inlet passages 34 and ourCEUS2009/041468

passages 36 that are in fluid comunication with the

val ves 26 and 28. The val ves 26 and 28 may include a

variety of types of valve nenbers, such as a plurality

of poppet val ves that are biased agai nstopeni ngs

connected to the passages 34 and 36. In sone
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configured to open in response to a pressure in
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confighiPh & oferFiRTBESS B Shre8&Sre in the cylinder 14 above some threshold

corresponding to the end of a compression stroke.

[0020] FIG. 2 illustrates a cross-sectional elevation view of an embodiment of the
variable-volume head 12. In this embodiment, the variable-volume head 12 includes a
head body 40, a plug 42, an adjustment screw 44, a collar 46, and a cap 48. Each of
these illustrated components 40, 42, 44, 46, and 48 is generally concentric about the
central axis 32 and is made of steel or other appropriate materials.

[0021] Inthe illustrated embodiment, the head body 40 includes a flange 50, a
tubular portion 52, and a distal portion 54. The illustrated flange 50 is a generally



[0020] FIG 2 illustrates a cross-sectional elevation
vi ew of an enbodi nent of the variabl e-vol une head 12.

w0 poovhi@22nbodi ment, the vari abl e-vol unme head BRQI/US2009/041468
i ncludes a head body 40, a plug 42, an adj ustnment
screw 44, a collar 46, anda cap 48. Each of these
illustrated conponents 40, 42, 44, 46, and 48 is
general ly concentric about the central axis 32 and is
made of steel or other appropriate materials. [0021]
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t hreaded apertures in the cylinder 14. In other
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generghly copxéalivgih arpinigriay 74 c@‘éh@pmlmqer 14. In other embodiments, these
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radially inward from the tubular po?triclmog2 and is generally orthogonal to the central axis
32. In this embodiment, the distal portion 54 includes an aperture 78 and a mating
surface 80. The aperture 78 generally defines a right-circular-cylindrical volume that is
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 perpendicular to the central axis 32 and is shaped to
mate with a complementary surface on the collar 46.



ot her shapes, e.g., the interior 72 may be a generally
right elliptical cylinder or it may have sone ot her

W@ eogitkda2ezar or non-curvilinear shape. The di sPEI/US2009/041468
portion 54 extends radially inward fromthe tubular
portion 52 and is generall¥ orthogonal to the centra
axis 32. In this enbodi nent, the distal portion 54
i ncludes an aperture 78 and a mating surface 80. The
aperture 78 generally defines a
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tubular member 86 meets the base 84. A threaded aperture 104 extends 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 illustrates a perspective view of the

plug 42.

[0026] In this embodiment, the adjustment screw 44 is a generally right-circular-
cylindrical member that extends generally coaxial with the central axis 32. The
illustrated 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 106,



axially fromthe base 84 and is generally concentric
about, and co-axial with, the central axis 32. The
wo pvendd2etbul ar menber 86 is di sposed within t hERCOUS209/041468

tubul ar nmenber 82. The illustrated inner tubul ar

menber 86 includes a fille® 102 near where the inner

t ubul ar nenber 86 neets the base 84. A threaded

aperture 104 extends through the inner tubul ar nenber

86 to the recess 100. The threaded aperture 104 is
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volumadj ust mrent screw 44. Wth reference to FIG 2, it
shoul d be noted that the threaded portion 106 is
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al so includes a breather aperture 124 that extends to
directigntrplaéing &qythe threaded aperture 104 in the plug 42 Further, as is also
explained below, the threads in 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 central 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 loads from the plug 42 to the head body 40 via the collar 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



aperture 126 through the collar 46 and a grease

fitting 128 for lubricating the threaded aperture 126.
wab@obse2r her aperture 124 may include a checkPUHUS®0D041468

some ot her device configured to relieve pressure in

the threaded aperture 126.9 As expl ai ned bel ow wi th

reference to FIG 4, which illustrates conpl enentary

structures on the adjustnment screw 44, the threaded

aperture 126, in this enbodiment, is threaded in an

opposite direction.relatiye e threade
seal 8RB85S o Bl 5o bRsbl SR BRS LG 0 of e
head B&4YH0 td fiemidseads in the threaded aperture 126 may

have a finer thread pitch then the threads in the

readed aperture 104 to reduce the novenent of
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O and the threaded aperture 126. Aseal memb
adJUS’@dch as an Oring seal, is bi ased agai nst the rratl ng
surface 80 of the head body 40 to forma seal. [0029]
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di stal portion of the tubular nmenber 120 extends into

cylindfieal poicT 146 BYieAsingdrseghghe &mﬁlﬁéebpfu@e@pét% Ehaseals 140
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adjustment screw 44 with or without tools. For example, the cap 48 of the illustrated
embodiment is removable by hand. As explained below, the cap 48 may be removed to
access the tool 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. 3 illustrates additional 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 radially into both the sealing
surface 88 and the recessed portion 94. The groove 148 includes a deeper portion 150



142. The cap 48 may be threaded to the adjustnent
screw 44 or it may be secured to the adjustnent screw
wal2009i14d22 friction fit or other coupling nmeche@i/E82009/041468
The interior 138 of the cap 48 includes a generally
conical tip 144 and a generally
right-circularcylindrical portion 146 extendi ng
t hrough the remai nder of the cap 48. The seals 140 and
142 may include a variety of types of seals. For
exappl e, the 142 ma a Tri nd the
and ag5aI0u g porhgn RE2 et orodu & BafforsyileRdBams ik aiatve 148 thatis
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Wien the adjustnment screw 44 is not being adj usted,
degrefp@Paty 48 is returned to the adjustment screw 44 to
protect the adjustnent screw 44 fromthe environnent.
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42 (F@or?t) ion 110 include threads with different

[0033] The pitch of the threaded portion 106 may be substantially 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., generally 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 relatively
little axial movement of the adjustment screw 44 through the collar 80 (FIG. 2) during



pitches and different orientations. In sone
enbodi nents, the threaded portion 106 is right-handed,
waeatthe21 hr eaded portion 110 is | eft-handed. PCT/US2009/041468

Consequently, rotation of the adjustnent screw 44 in

one direction tends to brihlg objects coupled to the

t hreaded portions 106 and 110 toward one anot her, and
rotation in the other direction tends to drive those

obj ects away from one another. In other embodi nents,

the orientatioon of the threads 106 and 110 nmay b
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portion 106 may be substantially greater than t
screwt4.ch of the threaded portion 110 such that a g| ven
anount of rotation of the adjustnent screw 44 produces
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ust ment screw 44, which also tends to reduce the
p03|t|%gfut,|r]1p plug 42, and thereby adjust the volume of the interior 74 of the cylinder
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14 (FIG. 2), the cap 48 is removed, and the adjustment screw 44 is rotated. 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] In some embodiments, the cap 48 includes a gauge 156 that correlates 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 collar 46 to axially align the
gauge 156 with the variable-volume head 12. Then, an initial volume of the interior 74



of space consunmed by the variabl e-vol unme head 12, as
the plug 42 (FIG 2) can reach its maxi mrum and m ni num
weomotnies with relatively little novenment of PEEUS2009/041468

adj ustment screw 44. [0034] In sonme enbodi ments, the

adj ust nent screw 44 does n2 translate axially as it
rotates. For exanple, the threaded portion 110 may be
omtted (which is not to suggest that other features

may not al so be om'tted) and an annul ar flange may
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2), and together, these conponents may allow

adJUStmﬁf‘ éﬁ[qy\sﬂ‘ﬂrent screw 44 to rotate while generally
axially constraining the adjustnment screw 44. In
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Thus, 4¢ aglgﬁmoggmleﬁbofttbg agfusirpent screw 44 relative to the collar 46 and the
axial movement of the plug 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
to determine 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.



adj ustment screw 44. [0037] After taking an initial
readi ng, the adjustnent screw 44 is rotated to shift

wo b@pere1i on of the plug 42. The range of notPCRUST009/041468
the plug 42 is illustrated by FIGS. 2 and 6, which
illustrate the plug 42 retkacted and extended,
respectively. The adjustnent screw 44 may be rotated
manual |y by applying a tool, such as a wench or a
wheel, to the tool interface 114 and rotating the tooI
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incredsedt he t hreaded portion 110 (FIG 4). Thus, the axi al
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axi al v
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[0041] " Asiillustrated by FIG. 6, the plug 42 moves a larger axial distance 160 than
the axial distance 162 moved by the adjustment screw 44. This is due to the difference
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 fluid to the atmosphere.



The mark indicates the volunme of the interior 74 (FIG
2) corresponding to the position of the adjustnent
W@ ememsr22 [ 0039] As nenti oned above, the rangeP@F/US2009/041468
novenent of the plug 42 is illustrated by conparing
FIG 2 and FIG 6. FIG 2 i4lustrates the plug 42 in
its retracted position. In the retracted position, the
vol une of the interior 74 of the cylinder 14 is
generally i ncreased or maximzed. As a result, in the
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grooves and gy rinsdFayernmlesanether glooye 4demidsspia may geldlsposed

oppos@é'tﬁ%ggg%} Hﬁﬁé%ﬁgég&% E&F ﬁﬁ' %oﬁlﬂ 1? § e%ﬁ%rdﬂmjetﬂe plug 42.

rew SIS
difference in the thread pitch of the threaded
[0045bor tThergsoa\mew&dnngid@mim 64) togethes,onay batreidirmedrio |s an anti-

otaic o i ONEF ahB0clieh B8 R SheRERS! 8 W EuEhn dices
For extdniie, theelel 3P @hdentéﬁar 7®mdyi vetd g@seraiendh-stramaeshape, such
as a gle%'rally right-elliptical-cylindrical shape, that tends to impede rotation about the
central axis 32. In another example, the guide pin 164 may be positioned on the plug
42, near the distal portion of the plug 42, extending generally radially outward, and the
groove 148 may be disposed in the inner walls of the cylinder 14 (FIG. 2). In some
embodiments, the groove 148 is not necessarily straight, e.g., the groove 148 may
spiral, causing the plug 42 to rotate as it translates axially, though the rotation may be
less than the rotation of the adjustment screw 44.

[0046] FIG. 8illustrates an example of a compression system 166 that includes the
variable-volume head 12 described above. The system 166 includes a natural-gas well
168, the engine 16, a compressor 10 that includes the above-described variable-volume



[0042] The seals 96 and 98 and the threaded coupling

bet ween the threaded portion 106 and the threaded
wap@otue2 104 may i npede or seal fluids from fPONUSZP09/041468

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 fromdriving fluid to the

at nosphere. [ 0043] Further, the threaded coupling

tween the rel a ely fine thre t he threaded
nead P& Rom 1S ARPAIRE ¢ ﬁﬁa&lﬁideﬁo@ﬁéﬁ&“gﬁgsi%'%r ihaffe gas well
168 nfy! dea sdbsed 6 é’@bﬂf&d@eﬁathﬂal Rja8 iRt 'Idfébéﬁlgfiné H@Mhay be a two-stroke
pénetrating the collar 46 and enterin he interior 72

combuggtionrnaieeafaviod pevesen) and $08&p; @\@ecbthe@&ﬂgr@dtw hp.

useful life of the variabl e-volunme head 12. [0044]
I G t i
10047] , i Bt L R S TANE ot PRAEERA DS s umprgpoor 10,25

illustrated biyearrave v 0.1 Ayzariien efdthis/flaw . dlﬁertéidinSthele@@lne 16 as illustrated

oy angyi 72 o b ABRsE a2 ot 65 aLoREnd o dffa fraistyre o
chan@ﬂigatmcbaﬁbrﬁgmreww bing ihredutddirt thaterdirgui dle The @néﬁé 16
a general ly ri ght ci rcul arc¥l indrical nenber th

combu'd%ta itRg P“)Yegﬁ‘f' &Rl 7erangugtves ﬁ’érf% hgeos@heg@gehanics Ilnkage such
asa c_?_%rg&ﬁ b rb8s tth&t Edhe 685 red&ol 1HO Th@%ogrgﬁéé’ﬁ%rﬁ@s

gu p|n 4 applies a't rquetothe Si
Compltelsee@trwof\t@v 148 fnom thepgatewelt 198 and produsesginueutiee flowdmo at a

ol 524130 TrEA AL A5 SRS 302 SO Py o

adjusledrmtremboxélrlablet\mlumbmerabm@ @2Gneytokeecobar fac ther preesurasof the

si ngl e de f freedomrel ative t
inlet g7 U0 IS HEe BB A frorlDe driot T BaAoNs 6 aiis Gesien
such Qs!‘g p@bé'llﬂ@ Qbfé‘ge F&Fnlrﬁij(écﬁm@‘ﬁenﬁ%‘?bhﬁr fIQTcP@é’stéﬂé‘néJU' de
I n may be |sposed opposite the guide pin 164 and

ﬁroove 148, ? about 180 degrees around the plug
[0048};2 VYV(UM'@P”‘N%‘ Igné@%bqaesmb%ﬁpd/@npuﬁ Wmlca@'@@%ﬁﬁér

alternﬁﬁ%e@ E%pfé’c‘ifﬁ:der{ﬁo %15@ ﬁ%\fe‘ Bé’ér?éh Wa?eof ega%fe in the

meht's may I nc er type nt| rotati
drawmm/araﬂabavé:beeredassmlbed in kdletagill hegein2 I-daavmbvemtlésmamld b2 u1mi¢rstood

that trgeaﬁggriiqgﬁgﬁBS g@q&sﬁer @ﬁll’[%a;C{AO tﬁaﬂagtéqulljasrﬂ%rés 8|t5ﬁlg)§ed Rather,
the inv@id® i§ 0 tcoRL M m@duﬁéatr@fnsaétmmléﬁte sedanenatvestaliidg witin the

anot her exan‘pl e, the quid BI n 164 may be positioned
spirit g s¢RPeAfIGe invention as deflned y the foIIowmg appended claims.



42, near the distal portion of the plug 42, extending
generally radially outward, and the groove 148 may be
waele@posee2 i n the inner walls of the cylinder 1BCY/B$1809/041468
2). In sone enbodi nents, the groove 148 is not
necessarily straight, e.g.16 the groove 148 may spiral,
causing the plug 42 to rotate as it translates
axially, though the rotation nay be | ess than the
rotati on of the adjustnent screw 44. [0046] FIG 8
illustrates an exanple of a conpression system 166
that includes the variabl e-vol une head 12 descri bed
CLAIMBove. The system 166 includes a natural -gas well 168,

t he .engine 16, a. conpressor 10 that includes the
1. abo%d%é%%ﬁpﬂi@a'smn abl e-vol umehead 12 (FIG 2), and a

pi p@'rid?@ral-gé@b@@lﬁres%forpéﬁ@émfédﬁﬁriéiﬁg‘r.ti nation 169. The
gas well 168 may be a subsea or a surface natural gas
vel | . TRiUEHHASPOVErad gORBUSIRMBNgineoke conbusti on

S s S S L

compirfaseed nhkurglagaspel | 168 to t he conpressor 10, as

illustrated arrow 170, A portion qof this flow i

di ver (e RS B¢ SamPridn Glndes & Botrghfedo transiate
through’the cbifordsgien tpthder anebohdd tamiechgnicarsbvidreagsivéy from the

renmovi ng noi sture or changi ng the gas pressure before

natur%@aﬁ@qwe@ég@eﬂsﬁ@ ?mﬁin@;ngi ne 16. The engine 16
conbust Go4 %-%M?rﬂ% ﬁ?alci] ﬂ?unf'ezjztoalﬂg ggﬁfg\‘ icﬂkgﬂigptér arld

or ot her nechani ca ge, suc cra and
configuoatsto taraia qoongressiblesvobomp 0é §soconeres3ios oytimarewhereiithe

_conmpresses the flow 170 fromthe gas well 168 and
varlabgq-gngﬁbesﬁ%#%%ppr&esr| ow 176 at a higher pressure. The

vol unetri c Liosqu esy;on ef ficiency of the conpressor 10
may be adjusted with the variabl e-volunme head 12 (FIG

I
2) to accouitadivsiment spressiptablycoupied tp|tiae head Rodyo
or the OUt!fﬁlu§We%B% inﬁhﬁea@eble%}gaggﬁwn Hih thONGubPneht

fluid destinat such as a pipel’ st orage,
screw; @fdni ng equi prent, or other fluid destinations.

0048] Whi | e i Nnf, i s [
E/ar [ oLs rmaal%f érﬂgﬁt%}r@ é\%@‘%%%@q @%ﬁ@ér"@é %g%@@lopy,cor both,
wheretmiredarteitt st dmedieyi deeigrcopfigumediy impyde® theeplagiiloen rotatiriterelative to
drawi ngs and have been described in detail herein.
the hagsiiariras e AIMGNbecGAABI8Dod hat the invention is

not intended to be limted to the particular forns

di scl osed. Rat her,
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 rotatably
coupled to the head body.



the invention is to cover all nodifications,
equi valents, and alternatives falling within the
W@ piopiig62and scope of the invention as defi ned PYT/URM09/041468
foll owi ng appended cl ai ns. CLAIMS: 1. A device,
conpri sing: a natural -gas Konpressi on system
conprising: a natural-gas powered conbustion engi ne, a
conpression cylinder configured to receive natural gas
and out put conpressed natural gas; a piston di sposed
i.on nd, con ure

4 ¢ rand ARl ST b e ane S o eaged Radion ac tbe seread

threade?d pREORBIE Bbp RMEBS o & ¥@sh faPBhé ﬂ'ben@}ﬂtﬁéh@bd %a the other is
power ed conbustlon engi ne; a variabl e-vol une he

|eﬂhaﬂ66ﬁted to the conpression cylinder and conflgured to
vary a conpressible volune of the conpression
cylinder, wherein the variabl e-vol ume head conpri ses:
a hé&ad deoity; ofa:‘almol} wetiareintthe dirsvihreated pbtipndaspd Bidt th]read

piteh Skt Ly B0 Bnt Sona BN pitsh ok Mo Sy atgdfomeon.

coupled to the pl ug, the head body, or both, wherein
the_anti-rotation device is configured to inpede the

6. pludh e@mqedzfﬂalmvg‘-? r"@]eﬁﬁ'ln\ﬁ@etf'b'StttW@aﬁé@@oﬁ@tﬂ‘ya@sthﬁﬁécond
2. Th d f cl 1,
iveagl BS1ORGLe SEE@NIR Sy, 2, The device of clalm 1

and a guide pin extending into the groove, wherein the

%a EFI n extends between the plug and the
var % VECS GPURE'S®ad. 3. The device of claim1,

wheg8iafiablkevagingsicaNtomprisngconpr i ses:
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 adjustment 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 coupled to the adjustment
screw via the second threaded portion.



a first threaded portion extending into the plug; and
a second threaded portion through which the adjustnent
W@ 200emsa282 r ot at ably coupl ed to the head body. 4PCTKHE2009/041468
device of claim3, wherein the first threaded portion
and the second threaded pof&ion are oppositely
oriented such that one is right handed and the ot her
is left handed. 5. The device of claim 3, wherein the
first threaded portion has a first thread pitch
substantially larger than a second thread pitch of the
12 SacdhA dexiteal ol b combrenomh eoRbRALEG sEdarin@aded
apert B eh &ed wiltethkiseebnd tHreadespHabhi WRefHehe s coupled to
threaded portion are oppositely oriented. 7. A device,
the adjesient sergw \da v ¢elldre- vol une head, conprising: a
noveabl e nenber configured to vary the size of a
vol une that houses a conpressible fluid, wherein the
13. nové@abldevivendietaimonmongeisirg dn asti-rathlieadedcapenfigured to

impediiroliloriar e MoVeRpEMeRPRSA AUk ind MoV ErBShapeansiate.
nmenber. 8. The device of claim7, wherein the

adj ust ment screw conprises a second threaded portion.
14. 9. The dgvigecd cimclRiwheseiniie Aetifotalen feyise coREigaga groove

and a%&i@pﬁ%ﬁémmhé oBfds that are oriented in an

rection velafive to second threads of the
second threaded portion. 10. The device of claimS8,
wherei n, the first t1hreaded portion has a first threa
15. o t JReARNICS & caligst SRMIRISING 7 SPRresSRR OUPIRE T g Variable
volumleliead pitch of the second threaded portion. 11. The
device of claim@8, conprising a head body coupled to
t he adjustnent screw via the second threaded

186. por?Ai,g@ hbd: ca—rlﬂgrigﬁ ice of claiml1l, conprising a
col [ ar havfng second t hreaded
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.



aperture mated with the second threaded portion,
wherein the head body is coupled to the adjustnent
wa@eoremsezen the collar. 13. The device of cl ai nP@T/US2009/041468
conprising an anti-rotation device configured to
i npede rotation of the noveEabl e nenber and all ow the
noveabl e nenber to translate. 14. The device of claim
13, wherein the anti-rotation device conprises a
groove and a guide pin disposed in the groove. 15. The
device of claim 7, conprising a conpressor coypled to
20. ¢ he TO&MTGIBOH O Sl BnEai@PT 489 biasid HMcPUG GHgy QT gF foward an
interidy @ aldyliSddt TeR@BsmpRIsabl.ve to a conpressor through a
first "angul ar distance; translating the nenber a first
axi al distance in response to rotating through the
angul ar di stance; rotating the nenber relative to a
pl ug through a second angul ar distance; axially noving
the plug the first axial distance plus a second axia
di stance determ ned by the second angul ar di stance;
and changi ng a conpressi ble volune 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 nethod of claim 16,
wherein the first axial distance is substantially
smal | er than the second axial distance. 19. The nethod
of claim 16, conprising receiving torque froma too
i nterface.20. The nethod of claim 16, conprising
bi asing the plug away fromor toward an interior of a
cylinder of the conpressor.



