PRE- CHAMBER CROSS REFERENCE TO RELATED APPLI CATI ON
[0001] This application clains priority to U S
woe@vitsi2ohal Pat ent Application No. 61/ 036, 041PCT/US2009/035021
entitled "Pre-Chanber", filed on March 12, 2008, which
IS herein incorporated by reference inits entirety.
FI ELD OF THE | NVENTI ON [ 0002] The present invention
rel ates generally to conbustion engi nes. Mire
particularly, the present invention relates to
pre-chanbers for combPRE-@HAMEBERSs. BACKGROUND [ 0003]
This section is intended to introduce the reader to
vari ous aspects of art that nay be related to various
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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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[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. 3is 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
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[0014] FIG. 1 illustrates an example of a cylinder head 10 and a pre-chamber 12. As
explained below, the cylinder 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



general ly concentric about a central axis 14 , and the
head 10 includes a coolant inletl6, a gas inlet 18, a
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22. The cylinder head 10 ngy be nade of cast or
machi ned steel, or other appropriate materials; and it
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sparkplug 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



general ly planar base 26, a frustoconical portion 28,
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hoses. The fuel valve 50 includes a threaded fuel inlet 58 and a bracket 60 for
mounting the coolant hoses. The 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.



[0022] The body 52 includes a clanping nenber 62, a
cooling jacket 64, and a tip 66. In this enbodi nent,
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the cylinder head 10 (FIGS. 1 and 2). [0024] FIG 4
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facilitatgeriigtireg 1he yjretmmm‘n t%wwmpathérgelmgrally frustoconical sparkplug
receptacles 22 (FIGS. 1 and 2), while maintaining a certain volume of the combustion
chamber defined by zones 82, 84 and 86. In some embodiments, the volume of the
combustion chamber including 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



receptacles 22 (FIGS. 1 and 2), while maintaining a
certain volune of the conbustion chanber defined by
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of the conbustion chanber including the zones 82, 84
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[0027]2 StHOhRcFBHBPYBEMcluddSashBulfer 1BY tRASNa8Es a seal 102 (e.g.,
annular seal) against a shoulder 104 of the cooling jacket 64. To bias these
components, the bolts 68 compress the clamping member 62 and the inner body 80
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 to 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



wel ded or integrally fornmed with the inner body 80.
[0027] The inner body 80 includes a shoul der 100 that
whemeasi2ed seal 102 (e.g., annul ar seal) agai nsSPCHUS2009/035021
shoul der 104 of the cooling jacket 64. To bias these
conponents, the bolts 68 conpress the cl anpi ng nenber
62 and the inner body 80 agai nst the cooling jacket 64
t hrough the shoul ders 100 and 104. The conpressi on of
the inner body 80 and cl anpi ng nenber 62 is bal anced
compohgnisastsierarap@dued the likdidoodalfithg thraeded c6mponehtseseizing to
oul der 100. In this enbodi nent, the

bol ts, 68
one anpﬁ}%ldugc;e)}ﬂgr@ngscyﬁ dthreaded to the cooling jacket

64, and the threaded connections to the bolts are near

[0028] a dlfhist é’éolih@rjhd:l(éi Gllf cddpRriXesaiftpah ektelidr oﬂﬂ@’mﬁépﬂb@)h 80 to

of the cylinder. Positioning the threaded
define aamméerwmed@@y(efg o@f @nauley icoakeet passage) aonégwigdiio circulate a

cootant TR B o RIHRE PR e Ba Aol The Bl CFfle, g gisposed

about tﬁ@@l@ﬁp@@dﬂé@ﬁﬂ)@c 62t Ithd sdetl1iobandy wicludeea ghd st @?bsket or other
ma

nponent's sei zing to one another due to ther
approp@gtq m@@erlql%)oib? Qﬁ'égd&& MaY bjedlé‘ﬁ@@ o523 |@%9é¢%ﬁsé‘@ miatgyial with a

lower t%@]lp%ﬂtﬁ gtlpgfthérf??né BO4 CfQOdFyo %égﬁﬁ)lggme@eaﬁ‘qoﬁ%gy be rated for

an-annular coo assa
temperawréis @!srmgih tie 800rtoul0d0edeyree® Faahd thd ©-oug 608mzhyube or include
seal ed 8{9&Pe seal 102 and n

Cal Rea1 %ﬂHQ@HC%rE’QUt S PRREARAGISrERdeTa ggteo[rgﬁég%gqaraiwgs as high

as 4001'@%@0%‘%&@@3? graphite gasket or other appropriate
mat eri a The O-ring 108 may be nmade of a |ess

expensive material with a | ower tenperature rating
[0029] ¢ hdﬂ& bdllysitdtes ezrosHseeiicimthiatis ganersiadrthogonayo B cross-

sectlon,:oaftf-%gﬁdf ? [ést, @ngfe ﬂ%dutaygﬂggf;} &ggpgl-séﬂﬁm%te&c%r% &bedegoﬁr?ts outlet 48

are in ffdldl@bﬁrn(i@ilb‘&ﬂbn With HBULcRRBILIRS | QBthfgﬁrpa%'sagé@ @qiofa@lbl 112.
enperatures as high as 400 or 600 degrees F.

These Pﬁ@ag?Si 11Qand 41 8Sirguiaie sqolaptthrewgh g owter g@'h'giﬂ%ﬂ p§, cooling
I t I
e i bIGOSE Bl ERESHAE S Mo g g oy o0

coolant outlet 48 are in fluid conmunication with the
[0030] outleithig @nuinedih@bit, tthe elayhpipgssamesr 62 @narite Iririer boadyszd may be

11 d 112 | at | ant thr
remov%ﬁfr@m r\?ps qmgng%@us%@o(ﬂ %l#ngm%n%%o a%ooﬁant%?r%ulatlng through the
pre-chamber 12 may form deposits in the outer volume 106. Removing the clamping
member 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 equal to 4.3
inches.



the i nner body 80 and renoving heat from conbustion
within the inner body 80. [0030] In this enbodi nent,
w0 b@giespi ng nenber 62 and the inner body 80 PE&l/URM09/035021

renoved fromthe cooling hgusing 64 for maintenance.
Cool ant circul ating through the pre-chanber 12 may

formdeposits in the outer volunme 106. Renoving the
cl anpi ng nmenber 62 and the inner body 80 facilitates
cl eani ng these deposits and potentially extends the

[0032]us &G 6lilldstraiés tlniel fmmMQmJercha[nMﬂp As opmraii@mebde pre-

chamb@p 1§ fecdySieR it it Saeept SEr v ETORs Graingy BRIIAD Tk compression
stroke, Sd?raf'idﬂ/% Hﬁo 'H?é@@h%ﬁél‘?or?@h%bé?frbﬁ‘f tﬂe%g/ﬁhcﬁ‘@rsthrddﬁ the aperture 94,

has a genera frust oconi cal
as |||usw:atad lay atmyﬂ 2@ d@nl fuekflaviaintod i;he e@mbuafzm thbauim;@ugh the

passac; 92,55t By Hr PR 22T A9 mE8HFher 28075 dhEke PRsgr et o2 and
94 are gﬂg%@&blest@mﬁla EWirtig fewsas m@@trétedt%hgﬁowﬁim ek @ Bvirling flow
of the body 52 may be less tha i nches

may SV@@@&OHF ppe |ae<§sorttM@na>tﬂs ecliait May spital; erﬁwgﬁﬂ%eﬁﬂ@the

passag% ﬁa bﬁtaﬁé gfengkaﬂ r%)éfaln%&t fﬁethpg Smﬁggm?&{t ﬂn% fidw? generally

eralon rec I's cou tot

rotates%ddutldae axis hat VQKJg@iérak)epenwm&:uI@Utblth@ ckdss-section of FIG. 6.
onpressi on. stroke, flows into the conbustion

The S"‘ﬁrll'lﬁ%lé’w 12518 t@q{@vggﬁq} ﬁ’@egerl%@'li’déﬁ"@W@%@rqq}'ﬁé‘e@&o eplance
mixing olf ﬂfeﬁbﬁgcaﬁyr?gg%[ﬂyq’” ougH _f uel flows into the

ustion e passage 92, as
iIIustrated by arrow 122. As nentioned above, these
[0033] padyeaydbe 3@p ahtheddistonés singhasthrowgletiteatylingar, a.esvibpldeag center

(TDC) :‘ﬁaowgwsli%lﬁ%&%er%tﬁgda%ﬂyagarr v 124(;!’@& S S\émcr:iltrlu{:]gwgtpg air-fuel
mixtureS @ @ﬁﬂted dm@ rr‘é‘émmgfﬂa%%rbﬁé%é@@ tmgﬂgﬁé pAgs 924nto the
are general |y co-pl anar hi s enbodi nrent, the fl ow

cylindeg@andriginitas thetlatges vabm@ obugl-akingixiurawithin geneylimdey. The flame

procucBFBRE ¥ By BIs BERPIRA Bl uBle. aFRiets cpBfhusiion within

the cyliagdr aad beducvenigsorehemnare ehyineg of the fuel and air,
boost i ng conmbustion. [0033] Near the t_op of the

pi ston's stroke through the cylinder,
[0034] cerﬁ'& /(hystyates B %amn&%pba C@&“Rf?%%l?@@ateéfbé?ﬁ th*’ﬁ 'E‘ﬁ'édes the

pre-ch&hBaf P2EREEb& dod e $ME Sl iieh #06 iddi®es a natural-gas well 128, an
engine 130 retrofitted with one or more of the pre-chambers 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



m xture is ignited. The resulting flame propagates
t hrough the passage 94 into the cylinder and ignites
wo b@oliarger vol une of fuel-air mxture wthin PEEUS2009/035021
cylinder. The flanme producgyl by the pre-chanber 12 is
believed to yield nore conpl ete conbustion within the
cylinder and reduce em ssions fromthe engi ne. [0034]
FIG 7 illustrates an exanple of a conpression system
126 that includes the pre-chanber 12 descri bed above.
the divéiied fyed 188 y2Gnitingl the éselan tee preathaabersel 2, d2@esaibbed above,

and drll\j?g M&ég}lét%f | tntke(e;?;sw@g‘;wok Ihai(;jlH@wgrquhsé}qrrrl,%ressor 132.
The coﬁﬁzdgéﬁgf‘r 13 cc%ﬁl%rssfaé %@fl@kﬁ&t%ﬁ?ém%e bﬁ@ weTIhﬁQSJQﬁd b%duces an

be a subsea or a surface natural gas wel
oumﬂf@wgnﬁ%a130n@mywhesaﬂemo st roke conbusti on englne
havi ng bet ween 40 and 800 hp, e.g., betmeen 40 and 200

10036155 B2 o B R T Bk b 3885 1 el grain

types cliehgiict3fat vendt @esigied tv iBcludevprechdinsirt ehetendinee 130 may
engine 130, as illustrated by arrow 138. The diverted

be an qld@we@ﬁlgns%gmm wla%mttwaﬁq@@wen%@wﬂagﬁ@ﬁ betnre 1§95,
n t

2000, i, e O o) SRS W B cREinBire SIUAEYER T, fétuce the
emissidriBand emdaarncm thet éféicipney ohtgserolder emginédéringirig tbife ér’@nes

di ver 8as 138 fl.ows into the cylinders of the
closer @n%ﬁt 'ri% GWH@”E?@P%V%@%}%ust sthe diverted fuel

138 by igniting the fuel in the pre-chanbers 12, as
[0037] defWhIIé’ﬁﬂa mReMEon A BH EySeplibR @ arbt@ mediftfMIns and

mechani cal |inkage that powers the conpressor 132. The
alternaverforers spedifie ectnslimesisshaveebgernahase by rvsay ofh@xagnl@le in the

- well (128 and produces.a tlet. flow 142 at

arawint abg Al Hp G eHBRA LBl il AtinG . BsnBull i Bagerstood
that th@Weation isedmatdneled twibehinsiesd B thetpapasulaf foem@idissioddtat Rather,

were not designed to include pre-chanbers, the engin
the qugtqprh@ytokg:@vghakbWfl@@gngneq@v@entsaﬁn@@gpﬁ@twﬁgtfalaﬁg within the
spirit a?lgﬁ g 85?@%}?% n%nﬁ%ﬁ?é@ﬁgﬁn@&&yl’tﬁe Fo?l%%\nreé%@ygen@éd G308s.

ro der engrnes pre-c rsis

believed to reduce the em ssions 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
weerodi4rent s have been shown by way of exanpl ePCTUS1969/035021
drawi ngs and have been described in detail herein.
However, it should be understood that the invention is
not intended to be limted to the particular forns
di scl osed. Rather, the invention is to cover al
nodi fications, equivalents, and alternatives falling
within the spirit and scope of the invention as
CLAI fined by the foll owi ng appended clains. CLAIMS: 1. A
€vi ce conprising: a two-stroke conmbustion engi ne
1. compuesicegonpriziig:nder head having a sparkpl ug
rece&%fcle wherein the sp ark Iu receptacle has a
gerfe PV°¥$G%WQH§WWbSF@§ﬁ -a pre-chanber

coup! SR NRRPRLIRG deg. a‘ﬁ&ﬂﬁ%%&éjﬁet SBBFRIA Bife sparkplug

prechanber conpri ses nes
receptapia dpalal gerferralﬂ;;t rostocomicakstepe; aadd a conbustion

harb d ,
whor e RDRTEG Oy Bk ARG shaRp e ERLT S b pre-
chambér Ca}thg@él_l ce of claim1, wherein the sparkplug
receptacle is generally angl ed relative to a central

axi s of tha coplingiskehthad deinesTageneralydrustoerri¢cahshape; and

Fecent acl o8 ORHUPh PR R Bifead PolBlEdy e wer

zone, Whereifhg it eonb i€ hWadgnthan Whefowdr Zomel i ng j acket is
not threaded to the conbustion chanber. 5. The device

of claim1, wherein the upper zone generally defines a

2. fﬁe feRbe Bt SBIHC W %relﬁgﬁ? @Eég@} ec“eI f’%d‘é ?s %MEF?y Angled

ower zone genéra
relativesiohe central axis of the cyllnder head.

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:



7. The device of claim1l, wherein the upper zone is

joined to the |l ower zone by a generally frustoconical
wQwe/114864 A devi ce conpri sing: a pre-chanber coPg¥/US1009035021

a renovabl e i nner body conprising; a first shoul der;

and a tip extending fromthe first shoul der, wherein

the tip is configured to thread into a threaded

aperture of a sparkplug receptacle; a cooling housing

di sposed at |east partially around the renovabl e inner

bodypreatlearaber ¢drapksingi ng housi ng conpri ses a second

shoul der bi ased agai nst the first shoulder; a clanpin
menmbef r@@\?ﬁfﬁé'& 'Fﬁg'?lﬁ%gW%?fEQﬁﬁpg; i nner body and COHB| eg

to the coolifipg dMuRidIdaky @ threaded connecti on,
wherein the threaded connection is disposed at a
di stal por aitiprexéénding fione thehtisb ehowldasy wheseaintthe tipiip .configured
9..The device of claim8 rein the renovabl e inner
to threg )0 BIRFRAEE FHertLeB of Peral LG R dRlE R 01 ng. houst ng
i s bi agedlihg hbasingsgiscong |64 HairillyEmehad thd lemdbble inner
device of claim8, wherein the renovable inner body .
body, wigfsin bescapling Meystidorprepasased sae@icthgheuldeneiasedagainst the first
Should%Ienerally defines a segnent of a sphere. 11. The
évi ce of claim 10, wherein the segnent of the sphere
i s gr edlanpinganembeesbsplbane thd Psmdbebldéniareoaly andadanpled to
wherein the renpvabl e i nner body cgqgrises: a

the Coqsiibemwsir&queﬁéhﬂ@@ﬂ?dmnscﬁ%wﬁg%@ FRadedsconnection is

; ; ] . 13. Th

disposgE AP e Tio B0R ol e B b o S e T
passage that is generally co-planar with the fuel

9. Sgi%ggé‘@%érﬁi P%Eﬁ 8‘3)@%@n%%%&g]végﬁgé%&r%&y itshb?ased in

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 generally
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.



portion that is generally tangent to the conbustion
chanmber.15. A system conprising: an engine built
whedoone22008; a pre-chanber coupl ed to the engPEBPS2009/035021

wherei n the pre-chanber hag3 a generally frustoconi cal
shape; and a gas well coupled to the engine. 16. The
system of claim15, wherein the engine is configured
to receive fuel fromthe gas well. 17. The system of
cl ai m 15, wherein the pre-chanber has a conbustion

15.  chahbgstethabngoisprg:ses: an upper zone that generally

defi nes a z)eﬁme%t oE @ sphere; a | ower zone that

gerfé} &N9'9° f § by "% Q¥ ment of a sphere; and a

fr UshRCOMBBEr AUPIEP fH@aérggc_ﬁKé aRASreheineesR- S beReds a
zone and the | ower zone. 18, The systemof claim 15,

generalip fusiaconival ehgpereaancds a two- stroke engi ne configured

to combust nethane.,, 19. The system of cl ai m 15,
cor?pg"i"%}"’r‘?g CQ”BF%‘PBP&Q@&PQ%m ed to both the gas well

and the engine, wherein the conpressor is configured
to conpress a gas fromthe gas well w th mechani cal
16.  enelhgysyséenmiof edpiny bmwhereknidierenging is qodigsyed tnieseive fuel from
%@in115, wherei n the pre-chanber conprises: a cooling
thega% | . L . ! .
ousing in tension; and a inner body in conpression.

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

zone.

18. The system of claim 15, wherein the engine is a two-stroke 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.



