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invention relates to pre-chanbers for conbustion
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[0004] Engine design has changed in response to environmental regulations, as
government agencies enforce increasingly stringent limits on engine emissions.

Starting in 2008, the United States Environmental Protection Agency will further restrict
the levels of nitrogen oxides (NOx), carbon monoxide (CO), and non-methane
hydrocarbon {(NMHC) emitted by certain types of combustion engines. To meet these
requirements, many types of engines now include pre-chambers. These devices ignite
the fuel-air mixture inside the engine’s cylinders with a flame from secondary
combustion inside the pre-chamber. During the compression stroke of the engine, the
pre-chamber is loaded with a relatively rich fuel-air mixture. To initiate combustion, this
richer fuel-air mixture is ignited in the pre-chamber, rather than ignition being initiated by

directly igniting the leaner fuel-air mixture in the cylinder. The resulting flame
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enbodi nent of the present technique; [0008] FIG 2 is

a cross-section view of the cylinder head of FIG 1,
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of FIG 1, [0010] FIGS. 4-6 are cross-section views of
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throughout the drawings, wherein:

[0007] FIG. 1 is a perspective view of a cylinder head and a pre-chamber in
accordance with an embodiment of the present technique;

[0008] FIG. 2 is a cross-section view of the cylinder head of FIG. 1;
[0009] FIG. 3 is a perspective view of the pre-chamber of FIG. 1,
[0010] FIGS. 4-6 are cross-section views of the pre-chamber of FIG. 1; and

[0011]  FIG. 7 illustrates a gas-compression system that includes the cylinder head
and pre-chamber of FIG. 1



DETAI LED DESCRI PTI ON OF SPECI FI C EMBODI MENTS [ 0012]

One or nore specific enbodi nents of the present
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[0014] FIG 1 illustrates an exanple of a cylinder
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after describing features of the cylinder head 10.
COMPOPHBAS] The exenpl ary cylinder head 10 has a general |y

right cylindrical shape that is generally concentric
[0014boWRIGa1 deBiratek aaxdxampis ofendylinber et dland agrerdesmber 12. As

expla?n%%l baerllcgw,itﬂtla %3t/linder head 10 is representative of a style of cylinder head used
on two-stroke engines that were not designed to include a pre-chamber. The pre-
chamber 12, however, is configured to couple to this style of cylinder head and retrofit
older engines, lowering the emissions of these engines and potentially extending their
useful life. The pre-chamber 12 is described in greater detail below, after describing

features of the cylinder head 10.

[0015] The exemplary cylinder head 10 has a generally right cylindrical shape that is
generally concentric about a central axis 14, and the head 10 includes a coolant inlet
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sparkpfug inside the cylinder. A threaded aperture 24 at the base of each sparkplug
receptacle 22 is shaped to mate with external threads on the sparkplug. Other
embodiments may include more or fewer sparkplug receptacles 22 or engagement
mechanisms.

[0019] Additional details of the sparkplug receptacles 22 and other features of the
cylinder head 10 are illustrated by FIG. 2. Each sparkplug receptacle 22 includes a
generally planar base 26, a frustoconical portion 28, and a chamfer 30. The base 26
and the frustoconical portion 28 are generally concentric about an axis 32, which may
be at an angle 34 with respect to the central axis 14. The angle 34 may be between 5
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mounting the coolant hoses. Thé fuel valve 50 may be a check valve that enables flow
in one direction into the pre-chamber 12 and impedes flow in the opposite direction out

of the pre-chamber 12.

[0022] The body 52 includes a clamping member 62, a cooling jacket 64, and a tip

66. In this embodiment, the clamping member 62 is biased against the cooling jacket

64 by a plurality of bolts 68 that are threaded to the cooling jacket 64, as discussed

further below with reference to FIG. 4. The clamping member 62 has a generally flat

and generally circular top face 70 and apertures 72 and 74 that extend through the top
face 70 for receiving the sparkplug 44 and the fuel valve 50, respectively.
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cylinder head 10 (FIGS. 1 and
cyllnc%r%e%ggggf{q#é érﬁj I ustrates a cross-section of the
pre-chanber 12. As illustrated, the clanping nenber
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chamber defined by zones 82, 84 and 86. In some embodiments, the volume of the
combustion chamber inciuding the zones 82, 84 and 86 is between 1% and 3% of the
swept volume of the cylinder coupled to the head 10, e.g., between 1.5% and 2%. As
used herein, the term "swept volume” refers to the volume through which the top

surface of the piston sweeps during a stroke in the main combustion chamber.

[0025] The combustion chamber is in fluid communication with several components
of the pre-chamber 12. The upper zone 82 is in fluid communication with a generally
cylindrical volume 88 that receives an electrode 90 of the sparkplug 44. The volume 88
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weldéﬂ‘&' |ﬁ%gﬂé|@f§rﬂ$éd RidEBeReMRdyseparately and then
wel ded 't ogether. In other enbodlnents t he i nner body
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components, the bolts 68 compress the clamping member 62 and the inner body 80

o be

against the cooling jacket 64 through the shoulders 100 and 104. The compression of
the inner body 80 and clamping member 62 is balanced by tension applied to the
cooling jacket 64 by the bolts 68 and the shoulder 100. In this embodiment, the inner
body 80 is not threaded fo the cooling jacket 64, and the threaded connections to the
bolts are near a distal portion of the pre-chamber 12, away from the heat of the cylinder.
Positioning the threaded connections away from the cylinder (i.e., the main combustion

chamber defined by a piston-cylinder assembly) is believed to keep the threaded



[0027] The inner body 80 includes a shoul der 100 that
bi ases a seal 102 (e.g., annular seal) against a
shoul der 104 of the cooling jacket 64. To bias these

the bolts 68 conpress the clanpl o
v%%ﬁﬁ%&ﬁg%e i nner body 80 %galnst t he coollng Jacq!9 5021
64 through the shoul ders 100 and 104. The conpression
of the inner body 80 and cl anpi ng nenber 62 is

bal anced by tension applied to the cooling jacket 64
by the bolts 68 and the shoulder 100. In this
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cooling jacket 64, and the threaded connections to t
one apgihes I &0 HeaPal£Yaling al portion of the pre-chanber 12,
away fromthe heat of the cylinder. Positioning the
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reduce the |i e threaded conponents
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may be nade of a | ess expensive materi al
with a |ower tenperature rating than the seal 102.
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the inbiet bogyosGhnd cermdving hestsrons eambosticofwiffirGthednngkdody 80.
illustrated by FIG 5, the coolant inlet 46 and the
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memBé&r.62 and the inner body 80 facilitates cleaning these deposits and potentially
extends the useful life of the pre-chamber.

[0031] As mentioned above, the pre-chamber 12 is generally complementary to the
sparkplug receptacle 22. To fit within the sparkplug receptacle 22 of certain engines,
the pre-chamber 12 has a generally frustoconical shape with a lower width 114 that is
less than 1.8 inches, e.g., less than or generally equal to 1.5 inches, and an upper width
116 that is less than 5 inches, e.g., generally equal to or less than 4 inches. The height
118 of the body 52 may be less than 5 inches, e.g., generally less than or equai to 4.3
inches.



[0030] In this enbodi nent, the clanping nmenber 62 and
the i nner body 80 may be renoved fromthe cooling
housi ng 64 for mai ntenance. Cool ant circul ating

he pre-chanber 12 may form deposit,
&&%@#j’%\% ume 106. Renovi ng%the cl anpi ng rre ng%ogg}&s%l
the inner body 80 facilitates cleaning these deposits
and potentially extends the useful |ife of the
pre-chanber. [0031] As nentioned above, the
pre-chanber 12 is generally conplenentary to the
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receptacle 22 of certai |ne e- chanber 12
champgs 12 isgomales)tp jne Fyligger: EY! ﬁ@gwet uingdhe FompRssion
strokel b fidatiniosthe |c§ﬁ1%u§st\'tﬁ‘fbﬁhn$odr %Prﬁﬁe HiirtHer threggh tHéaéfpéi’ifure 94,

general |y equal .5 inches an_upper wdth
as iliaeci by aeave | 2%aaﬁ1defuelﬁ@w@ént0éh@ comeeﬂmﬁh&wb@a fupughyihe
pass% éf%% |I¥J%ﬁfﬁteﬂl X%t’tﬁ%mg hgs Adr@Bhed éﬂ&@ﬁhés@%a@ 5@ and

I ess Inches, e.g., generally |ess
94 arg anglqgjéq) e{st@bhﬁ;h@a syifigigdtow, \p@ |IQ@@'gxep1szw 124. The swwhng flow

0032
may ?ﬁwgﬁﬁ%%e &g’%grz&\h %Degs Q%z]:t rﬁ%@gplgarl ac%ép%ﬁﬁfngto‘ﬁ%ﬁét%lqhe
passagesfifeandl® are gampalkydmtmam&re lrm;hls eatbpdiotens th@\ﬁowweeﬁr@lly
rotatet%rhgfogg%b%¥llk @ﬂat'i%geri ﬁ%ﬁcﬁculgﬁmﬁeﬁgp@% sef: &hvﬁ‘t#lgt 8.
The sayiing tow 124.is belevet Itaube ganerailbgananammdms(bphamd tb @shance
. fl nb nb h h th
miving P LB} ek E BB RsTP855 s rentt oned above. -

t hese passages 92 and 94 are angled to establish a
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the ofifdrand thet SR RTTSHE Ao UHE S buSt | o [ 0033] Near
the top of the piston's stroke through the cylinder,

[0034]. e.FIG! Dlllugeaids eardxampld JRCEompleesisp ayﬁphumeﬁlmat:;helaties the
pre-caibei 2 deser e BRGie T Pt PR R prUpLdar el T2s, an
enginehiBoughofitel wigss@ger Dérd ofttAe bRechambers 12, a compressor 132, and
a pipeline, storage, or other fluid destination 134. The gas well 128 may be a subsea or
a surface natural gas well. The engine 130 may be a two-stroke combustion engine
having between 40 and 800 hp, e.g., between 40 and 200 hp.

[0035] In operation, natural gas flows from the gas well 128 to the compressor 132,
as illustrated by arrow 136. A portion of this flow is diverted to the engine 130, as
illustrated by arrow 138. The diverted flow of 138 may be conditioned by removing
moisture or changing the gas pressure before being introduced to the engine 130. A
small portion of the diverted gas 138 flows into the pre-chamber 12 and the rest of the
diverted gas 138 flows into the cylinders of the engine 130. The engine 130 combusts



cylinder and ignites the |arger volune of fuel-air
m xture within the cylinder. The flanme produced by
the pre-chanber 12 is believed to yield nore conplete
n within the cylinder and reduce
EEEH?‘:ﬁ%‘ﬁenglne [ 0034] Flg. 7 illustrates §§h§§§@g "
of a conpression systen1lé that includes the
pre-chanber 12 descri bed above. The system 126
includes a natural -gas well 128, an engine 130
retrofitted with one or nore of the pre-chanbers 12, a
the diverEd RS 088 B initmgdhe ﬂJlerptﬁblpﬂ@chéﬁmél%gi@. ad rde@ctrit@ti above
fluid destination 134 The %ﬂ mﬁﬁé n@g
and dgiygs @ haft 149 ok pihes mecharicrlankeert P‘Pwer?ﬁ S%PF?ésﬁrsb”
The dasmpr@@om BeoSbFdkes RN | 8O foMNEE B8s weaviB @nb?rmms an
40 and 800 h ., between 40 and 200 hp. [0035] In
outleldoay 343 afa h'ﬁg?wrﬁﬁsﬁﬁs flows fromthe gas well 128 to

the compressor 132, as illustrated by arrow 136. A
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the in&gﬁﬁonv@ricgﬁ&?’etr aﬂ?ﬁécﬁﬁb%ﬂoﬂ@ éqﬂ&aféﬂ% RR§ 'aﬁ@%%ssf’ail%ﬁ%thin the
engi ne may be an ol der’ design, €.g., an engi he

spirit ahd scowesofi the éwiestienae definedids/i e daldwéigappar@ied clai?e0o0,
or 2008. Retrofitting ol der engines with pre-chanbers
Is believed to reduce the enissions and enhance the
efficiency of these ol der engines, bringing the
engi nes closer to satisfying newer em ssions

regul ati ons. [0037] While the invention may be
susceptible to various nodifications and



alternative fornms, specific enbodi nents have been
shown by way of exanple in the draw ngs and have been
described in detail herein. However, it should be
d that the invention is not inten <
‘#‘??n&%@%%%o the particular fornms disclosed. %g?/ﬁ]é?b’og&aﬂzl
the invention is to cover ‘all nodificati ons,
equi valents, and alternatives falling within the
spirit and scope of the invention as defined by the
foll owi ng appended cl ai ms. WO 2009/ 114264
PCT/ US2009/ 035021 11 CLAIMS: 1. A device conpri sing:
ﬁléé'WO'St roke conbustion engi ne conprising: a cylinder
dd having a sparkplug receptacle, wherein the
sparkpdvice compegrtgacl e has a general ly frustoconical
shape; and.,a pre-chanber. coupled to the sparkpl ug
" ec GV RAioRS REBURIOT Feding BOMEREer compri ses: a
cgol i ng cylgﬂbeheé‘ﬂg&vm@éispaﬁpmniggeﬁajt@tlé,wr_ﬁéremttbeGpa'amxplug
S ,an a c usti.o anber conprising an upper
recepi%ﬁéﬁ%a 98NPl rus@ﬁ%?é“ﬁ%@?%’i%‘dt he upper zone is
wi der 4 BancihdiebdraeBpleddd the sharilpley ARebeeicQivhetah Melpre-
wherei n the sparkplug receptacle 1s generally angl ed
chambgr g¢mMPEsase a central axis of the cylinder head. 3.
The devi ce piodhihgijdbkds thah8&ifieR o fihefllyifidRicoRRAMshape; and
conprises two spark plug receptacles that are
general | y raferalustipaichampaneampiisingian ypgergdpeaadqsy lower
i ' : | | j t threaded to the
zone,%%@gﬁpg‘rgﬁgﬁgiﬁo@gﬁgWgé?%éerﬁg\éslévg%&g;ﬁ@bl aim1, wherein
t he upper zone generally defines a segnent of a
sph A D aa Vi - ' q{vn%r j :
2. zongfh%ednegf}cgl ;:c;:lagrgﬂi,g\@gp%n ?eegé ﬁ%pl% gﬁgd%lge;rgg.ehgl‘.ﬂﬁg_ﬁggied
relatideio & eerdfal ekiaiofitie, cyihderdigadt he upper zone is joined to
the | ower zone by a

CLAI
1.

3. The device of claim 1, wherein the cylinder head comprises two spark plug
receptacles that are generally reflectively symmetric.

4. The device of claim 1, wherein cooling jacket is not threaded to the

combustion chamber.

5. The device of claim 1, wherein the upper zone generally defines a segment of

a sphere.

6. The device of claim 1, wherein the lower zone generally defines a segment of

a sphere.

7. The device of claim 1, wherein the upper zone is joined to the lower zone by a

generally frustoconical zone.

8. A device comprising:



general ly frustoconi cal zone. 8. A device conprising:
WO 2009/ 114264 PCT/ US2009/ 035021 12 a pre-chanber
conprising: a renovable inner body conprising; a

i shgqul der; and a tip extending fromthe
‘@h%@%&é?ﬂ wherein the tip..,s configured to t&hﬁ§%QM&mﬂ
into a threaded aperture &? a sparkplug receptacle; a
cool i ng housi ng di sposed at |east partially around the
renovabl e i nner body, wherein the cooling housing
conprises a second shoul der biased against the first

shor,ﬂ sterchatbel asmbhgngrenber coupled to the renovable
i nner body and couPIed to the cooling housing by a

t hr ead® EEBORPE NS OOYWHAHISNG%e t hr eaded connecti on

s di spos%df,@{sy@uqﬂeeta}{d portr on of the pre-chanber
away fromthe tip ice of claim8, wherein

the removalf & ?’ﬁﬂ%ﬁ"”%é’@?‘ Trhg Tiests6edde, whesin ety i§iogfigrred
to thré in®9thrB8d né{;t?é.'éérﬂﬁie bﬁaebéﬁerehg chérﬁQéléon by the

anpl ng ne device of claim@8, wherein
t he r emoramgérqurﬁwerdlsme?d ablegsi Rastially aregiehinetre@avable inner

body,gpﬁt.-g@ﬁrt Q%r Leﬁrgecghg@fseg ens%ﬁh& ¥holfddrpssed a;g%mme first

sp ere. I ce of claim 10, wherein the
shouldegment of the sphere is greater than a heni sphere.
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the fuel passage. 14. The device of clam 13, wherein
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compression and the cooling housing is biased in tension by the clamping member.

10. The device of claim 8, wherein the removable inner body comprises a
combustion chamber having a zone that generally defines a segment of a sphere.

11. The device of claim 10, wherein the segment of the sphere is greater than a
hemisphere.
12. The device of claim 8, wherein the removable inner body comprises:

a combustion chamber; and

a fuel passage that is generally tangent to the combustion chamber.

13. The device of claim 12, wherein the tip comprises a passage that is generaily
co-planar with the fuel passage.

14. The device of clam 13, wherein the passage comprised by the tip has a bent
portion that is generally tangent to the combustion chamber.



WD 2009/ 114264 PCT/ US2009/ 035021 13 15. A system
conprising: an engine built before 2008; a pre-chanber
coupl ed to the engi ne, wherein the pre-chanber has a

"?‘25"?‘?{?{45% frustoconi cal shape; and a gas wel, Tﬁ@%@ﬁ(gl

€ engine. 16. The syjéem of claim 15, erein
engine is configured to receive fuel from the gas
well. 17. The system of claim 15, wherein the
pre-chanber has a conbusti on chanber that conprises:
an upper zone that generally defines a segnent of a

15. SPhex gjstén) mesrisine that generally defines a segment
of a sphere; apd a frustoconical portion that extends

bet B ANELUHHBER 'S 8X&: and the | ower zone. 18. The

systafrehagibel Bbdfed WBERNGiNeh@heRe e dre-chatnber Big gke
engi ne confi gure to conbust nethane. 19. The system

geneigfly fugioapnical SE8RPrasi ng a conpressor coupl ed to both

t he wiBsduARolthE cRGBENE, Wwherein the conpressor
is configured to conpress a gas fromthe gas well

wi th nmechani cal energy received fromthe engine. 20.

The ai L. )
16, omreaSBnPhr a1 imortiRiEbAgh % GirfgGRATE Lo fuol from
the gawdplli n conpr essi on.

17. The system of claim 15, wherein the pre-chamber has a combustion chamber
that comprises:

an upper zone that generally defines a segment of a sphere;

a lower zone that generally defines a segment of a sphere; and

a frustoconical portion that extends between the upper zone and the lower

zZone.

18. The system of claim 15, wherein the engine is a two-siroke engine configured
to combust methane.

19. The system of claim 15, comprising a compressor coupled to both the gas
well and the engine, wherein the compressor is configured to compress a gas from the

gas well with mechanical energy received from the engine.

20. The system of claim 15, wherein the pre-chamber comprises:
a cooling housing in tension; and

a inner body in compression.



