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(57) Abstract: A marine propulsion unit comprises a cylinder (1), a combustion chamber (2) extending from one end of the com-
bustion chamber, a spark plug (8) provided in the combustion chamber (2), and a piston (5) mounted for reciprocating movement
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the position of the piston (5) within the cylinder (1). If the propuision unit should be immersed in water so that the cylinder becomes
g flooded, the cylinder can be purged by opening the port (9) and moving the piston (5) so as to expel water through the port (9). Once
all water has been expelled, further movement of the piston causes gases in the cylinder to pass over the spark plug.
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wat er. ‘A propul sion unit, such as an internal conbustion engine, for a |and
vehi'¢fe is normally 10 not designed in any way for contact with, or

i prersion in, a body of water. Should such inmersion occur a§28 fﬁ?ﬁ]?pgg
an acci dent....the engine will stop, becqme flooded with water, and w

M&C.Fol . ! .
need speci a ist attention before it can be restarted. It is not unknown for

boats fitted w smal | _nmotors, such out hoard mptors, tQ 15 capsize.
This can happerf%Iﬁ\f’ﬁ&%&ﬁﬁﬂ?@?”&ﬁ%ﬁ?g@ﬁ@ﬁ‘gﬁ ]gh",m}efP ropalsion Unjts  swanped
by breakers when the boat is working close in shore. Alternatively, when a
rescue vessel is approaching another vessel, it is possible for waves to
be re-di r ddcaquesspt irventiess sdites thamarequiropwsioeseite lanurtihideeitcahtsvarp t he
rescue vessel . Funﬁherno&e mhenla rescue v§§sel i% Igunchﬁg i nt o heavy
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vessel 5 capshiz 8 pbdreh1&RREN thel dnkifdeha8 URER TRHed 3G WALET THE IpkesthioRdedt Mo t he
engine. Even in the case of a vessel provided with a self-righting

capabi | i t plsotrhletesrigiamecthed ofpwigingl 4 pafihe priwalsiin wriheaehapyeenHodedwithhe
vessel ha %ghted itself. Water will 25 inevitably enter the engine, even
t hough nercury gravity switches are provided to switch off the engine once
a predetermned angle of roll is reached. There- have been attenpts to
provi de wat er-proof internal conbustion engines, for vehicles required to
have ful | AopOPRISHN WLknaidrasagpatsmal combugionapsingn kg 2 1angd yehigle 3pnormally

wat er pg 00 alel] [ e Si Fur: e ' n of
Such Shgi AosoeTEteddn by DRIR Lo BERR of Sumlebio B ooty SRRl S5 e

mai Nt enangech fmhé&@ionaiceliPin tésnl ofiam dooidest, Nied Bighd @4l stMBChE@Ineofldeed
P50436PC 2 5 2 9 OCT 2003 The present .invention, therefore, does not aimto
prevent i Wahe¥aiernpndyilhpegdipgcialivhattppiion hafersdf eandre rgsiptied. | nstead, it is
directed to an engine that can be restarted as soon as possible after it
has been flooded with water. It is known to provide a marine propul sion
uni t wit hitan opemwddnoendfori boapofitted tvaitlalshall moairersuch Beowtbeirdedomid, b t he

vesse|_has been righted. However, en an engine,is. ,
15 capsize. ”Irhlsg can happen, for example, on a rescug mission, if the boat ic swamped by

breakers when the boat is working close in shore. Alternatively, when a rescue vessel
1s approaching another vessel, it is possible for waves to be re-directed by the vessel
that requires rescue and these can swamp the rescue vessel. Furthermore, when a rescue
vessel is launched into heavy seas it is possible for the boat to be cépsized upon launch.
20  When the vessel capsizes the motor will be submerged, and water will flood into the

engine.

Even in the case of a vessel provided with a self-righting capability, the engine is
generally flooded with water by the time the vessel has righted itself. Water wil
25  inevitably enter the engine, even though mercury gravity switches are provided to

switch off the engine once a predetermined angle of roll is reached.

There have been attempts to provide water-proof internal combustion engines, for
vehicles required to have full on-land/in-water capability such as tanks. A fully
30 waterproofed engine 1s, however, expensive. Furthermore, maintenance of such engines
is complicated, since great care must be taken during maintenance if the waterproofing

1s to be maintained.



fl ooded; water will enter all parts of the engine and in particular tends
to lodge in the spark plugs. The provision of a drain port in the

propul sion unit will not assist in 10 removing % a ter trapped in the
spark plugs, and the water trapped in the spark plugs wll

i npossi bl e M%6 ARG gni tion and restdrt the propul sion unirT?.(gFgﬁCT 2003
exanpl e, European Patent EP-B-0 219 278 describes a carburettor fitted with
a drainage system Wiile the drainage systemof EP-B-0 219 278. enabl es.
water to be,15 drained fromthe carburettor this is not sufficient to allow
e engt ne 176 PpaeRB gy el Retelire’ Sk b it by bitiuird PeftShof Whist S8 mifionove
vat er trappesulsiod 08itSgastkad)! it @s dirkdted %o aﬂ%gﬁé&hm L0 h&TRYRAING SRAT
plugs and either dry themor replace themw th new spark plugs before the
engi ne canppwitlesfterit bas bephifloofled wathyvatirf ficult to do in a small boat in
heavy sgas. 20 A first aspect of the present invention provides a marine
propul stion unit conprising: a cylinder; a conbustion chanber extending
froma firgtisendwaltotheviaykimsiels pRpsRkurid Wath S SRASKE ddhihhid, tHallow
conbustion chanber; and a piston reciprocably novable within the cylinder;
wher ei n t h#aighite eudreled aflsnpie sessehhds pesn BptedurRowedse whes pnggeuise

being 25 s i e | g ILnde ._of iLtiqn of th i.ston

w thin thetgTehyEier PR b e R Rk ol B bt BLioH S TrE Ry 1 1
open st at espafiop@ugeNt T ptdvesipn SFRNIBLPES i@ase iirbfilsioh NeNtPHIPWLS bkt Upi t to
fl ow over the spark plug and subsequently to flow out of the propulsion

uni t tHY oulAVERE ¥ ites trapnsdin theespaghplugs ondithmwater {ePed indhe snask plues Wildi ng
| ect ed - . i F .of th k pl
selecte ﬁgk%‘ﬁ é%g?{s?olféﬁl fIclhi)eWe%mEﬁlz ?.rgc\élsersgahl}ﬁe %gr;%\yms?&[ Tnif e spark plug

when the firs ure 1s open 0 renove water fromthe term nals
of the spark plug. 30 When a propul sion unit of the present invention is

fl ooded, ;ﬁ& unit can be pur%ed of . water_ sinpl % by openi ng the first
aperture PR EH0RTE hateinEF-R-8i 41 7 $rélRtralbes aosarburgitencittte vithvi.c
Folio No P, SiRY; r of.+ 1 bdq. | I Lth
one). The %@g?{i’%s?%# t‘ﬂ'gl.hI= gll% sta %%Hg\% SP/F@ng%%Ff)V%P glwgzgmkﬁbgés%%?&p%ugh
the fildst dpeed e titherturetsir thipes tofrsaffadierst tomtlbwehpengiué 81 bnrestaited,afie t he
present i na/re.nti on is, h

alnage system wi l\l\gc\)/telgé agll%t to remove water trapped in the spark plugs. It is
necessary to remove the spark plugs and either dry them or replace them with new spark
plugs before the engine can be restarted. This is very difficult to do in a small boat in
heavy scus.
20
A first aspect of the present invention provides a marine propulsion unit comprising: a
-cylinder; a combustion chamber extending from a first end of the cylinder; a spark plug
disposed within the combustion chamber; and a piston reciprocably movable within the
cylimder; wherein the unit further comprises a first aperture, the first aperture being
25  selectively openable independent of the position of the piston within the cylinder, the

first aperture being positioned such that, in its open state, movement of the piston
causes gas within the propulsion unit to flow over the spark plug and subsequently to flow out

of the propulsion unit through the first aperture, the position of the first aperture being selected
$0 as to cause flow of gas over the terminals of the spark plug when the first aperture is open

thereby to remove water from the terminals of the spark plug.

30 _ A , ‘ , _
When a propulsion unit of the present invention is flooded, the unit can be purged of .

water simply by opening the furst aperture and turning over the unit (either manually or



5 solely a drain port, In contrast to the prior art drain ports, which are
positroned at the | owest point of the engine to provide effective drai nage,
the first aperture of a propulsion unit of the inventi on%g B@thmd
stch that a flow path of gas to the first aperture will Ssover

poi nt s(t er WkMiliedy 8P43¢Me spark plug. Thus, according to the invention, once
all water has been expelled, continued novenent of the piston will cause
gas 10 w tding tHehearparapetbsifathe unittis povidedvw itk @bhe). hEhé atovemahiSobthe tpigos par k
plug. This f|ow of gas over the spark plug will renove water trapped in the
spark pl quuL?’ipé?Wﬁ%rzrﬁﬁ‘rtﬁeﬁpﬁéhfpgghThﬁ fustiapertidee enough of the trapped

wat er has been renoved fromthe spark plug to enable ignition to be

achi eved and so allow the propulsion unit to be restarted, the first

aper t ur e i Bhafiss epertufbef pmogritesiropulsinn unitaif thd preséret inesitiantigthowelbr, Tloe

pr esent inv%gti ﬁc& thus provides a post.-imrersion resh,a[lt system t hat does
riot- requitl@y eHE2RRHK l[%‘ii&j‘,traftotoﬁ € PERD¥E G318 POHEy TV RiGh GFe Pesiianedral the
Since thergyks BQin[‘Qﬁd%het Endifd Y Sorh %esﬁ?erclﬁvpldfginaéaetlﬁr ﬁ?&nﬁpe'rtﬂ}/eeg%'é)n
makes restarting nmuch faster, and also nuch easieF to carry ‘out. The
first aperpgrop@sios usiteffethabhwenposiit ponechedcsunhithati s Bowhmtl bbwaoto grsfimver

h Kk I h ' ' I
const rai neebtiropingy e htoRTRREIf ke MR FRu op@iidhedhiatio”

remove trapRedinghRl hh§ ®Bkd REpARA! Kollii8d mevdnibrd J7T1RE §istb S difnhac grnt of
the invention, the propul'sion unit further conprises an openabl e sé&cond

apert Ufe, "whisn $equerilsigreynitie Bovheven negesningls pidhe serrk Plugathis flgw ptgasopen

state, movenept of .the cyl.inder causes fluid within the prgpulsion unit to

pacs out Vet Ms Pkt STLRHRTS RRT o btk g gyt b P P36 PRER di ng

the secondnaper torie @pabhes thdgapjcievReeHRdnéd RUER it FROBMRIPAR it to
be 1-1 reduced. Water 1n the, propulsion unit can be expelled through the

second apéngiieégnitipn tebgadicyet ardgo alewNRE PFyulgoNBnPEOhg 6rRErEdnilel firdot  be
transterr o b e {0 8oSAPHR prORuG0R TRR LR B 89 Waedeflig® contact with the spark -

15
The present invention thus provides a post-immersion restart system that does not
require the spark plug to be removed for drying or replacement. Since there is no need-
to remove the spark plug, the present invention makes restarting much faster, and also
much easier to carry out.

20

The first aperture is preferably positioned to maximise the flow of gas over the spark
plug when the first aperture is open, as far as the structural constraints of the engine

allow this. This minimises the time taken to remove trapped water from the spark plug.

25 In a preferred embodiment of the invention, the propulsion unit further comprises an
openable second aperture, the second aperture being positioned such that, in its open
state, movement of the cylinder causes fluid within the propulsion unit to pass out of the

propulsion unit through the second aperture.

30  Providing the second aperture enables the time needed to purge the propulsion unit to be

reduced. Water 1 the propulsion unit can be expelled through the second aperture, and



pl ug. The second aperture is preferably di sposed at substantially the nost

effective drainage 5 point of the marine propulsion unit, I r t
provi de the nost efficient drainage. A second aspect of the 3Lgegﬁ§$hﬁgg3

ptovi des an outboard notor conprising a marine propulsion unit as defined
above. 10 WeGiorgPa856ct of the present?invention provides a method of
determ ning the location of the first aperture of a marine propul sion unit
of the typeildedftihedthnafsoed fo ef comluistion peatbarfant kemgrinwerentachwethtthospark

provi des alnethod of purging a marine propulsion unit as defined in claim
18. 15 A fR'¥¥h aspect of the present invention provides a nethod of
re-starting a marine propulsion unit as defined in claim?22. 20 Further
preferred features of the invention are set out in the other dependent

cl ai ms. A Preefesenddpeiisod prefiraldy dispesest eiswbstantmalbnihie anoshictiectinswimpimage

descri hed b of .25 illustrative exanple wth referenc o _the
accorrpgnyiﬂ?ém\lﬁﬂ% ganng Woﬁﬂﬁb%unﬁ’ b‘h?@e %PPSIOgngl}]ee ?tieég%l%@t "HR%S vi ew of a
marine propul sion unit according to the present invention; 30 Figure 2 is
a schematic sectional view of a cylinder head of a marine propulsion unit
accor di ng Aceedrsl pipssenf thenimgniiern providesOarCoptbpeBR I FINPIBSIRG 2PHAUBGEPC 5
Figure 3 is alschgggtig e%%jgnal view of the cylinder head of a marine
propulsior{)r pron oF W%& 1%t fie present invention illustrating the flow
of gas over the spark plug; and Figure 4 shows an insert containing a spark

plug for use in a marine propul sion unit 5 according to the present
i nventlOon.A tHied saectrad thy prseANS iwientiar pProavidsir methpd gb determiningthe \geatien ake
i nt ernal i i N i in Figure 1 for
clari vy antt Bagepafre GEFRRne BOPLISRT GG B pendBel a0l 1 7 T
general have two or nore cylinders.

A fourth aspect of the present invention provides a method of purging a marine

propulsion unit as defined in claim 18.
15
A fifth aspect of the present invention provides a method of re-starting-a marine

propulsion unit as defined in claim 22.

20

Further preferred features of the invention are set out in the other dependent claims.

A preferred embodiment of the present invention will now be described by way of

25  illustrative example with reference to the accompanying Figures, in which:

Figure 1 is a schematic sectional view of a marine propulsion unit according fo the

present invention;

30  Figure 2 is a schematic sectional view of a cylinder head of a marine propulsion unit

according to the present invention;



10 A conbustion chanber 2 is di sposed at a first end of the cylinder 1, and
a crank-case 3 is disposed at a second end of the cylinder é The engine
is a crank-case scavenged engine, and a transfer passage ZQ oedt éﬂaBe
cvank-case{&n;p t%qﬁ&gnbustion chanmber 2. 15 The propul sion unit shown in
Figure 1 i aPi"g‘r’\g% Wi th the cylinder "being generally horizontal, and
with the transfer passage 4 bei .di sposed underneath the cylinder 1. The
present i Fi8REIDI,2 s secfienalgty ooty denhead i%@aﬁ%m@ugm unit
this-partigulale @nhePleald Mventlh MRl tne fo% o SRBIEAnVESA Biulolnd
cylinder, andﬂgg% nnv@&rec?gfgcgﬁﬁ%lﬁ?fﬁgn Fﬁe é%Finﬁgr.Ii cpaﬁk-shaft 6
is disposed within the crank-case 3, and the piston 5 is connected to the
cr ank- shaf rod 7, so.th eci$rocati ng notion of .the

. 6 by a connectin t
oo b i gy o o6 ORE 3 PO B 198 U6 Whg TRHTL PIBPUSEN it 00,

fuel ard ajcEol tbhd PALGRheAlio. t he crank-case fromthe carburettor 11 by
inlet nmeans (not shown) such as a conventional reed val ve. Wien the end of

the transfer port nearer the conbustion chanber is open, the air/fuel

m xture passes fromthe .crank-case .3.throygh the trapsf.er ssage 4 into
The. conbuatiFoReEHaMERISon Wit HENE: [ SR & Rnbyae VORa e Bhaopa et | on
chanber (tHgffae beltodentykin@st €islshokwin M‘Fi?ux‘é' PER ARGyt esd 8f Shiidision,
transfer passage, and subsequent novenent of the pisSton towards the
combust i oralthotginthe prepulsion vmb weld & gaverdl have o onmewydndeThe mi xture is then

igni tqg by one or nore spark plugs 8 provided in the conmbustion chanber
(only "one spark plug is showmn in 2 9 OC T 2003 M&C Folio No P50436PC 6

Figure 1 fRtogbadtidnyohalbbr I @spdied aN Erst RAA o Plaigyl@ed U Jag anirowi-eed), and
the resultant conbustion of the fuel/air mxture drives the piston 5 away

from t he dedispesddort a sdvandend 2f thecelindsudt ‘Plog engnaly awsankhase 6¢ayasgddon
products to exhaust, fromth AN Ee‘g{j i - by j ston.
5 As so faf edestr |abté%133?%rl?gs%§%gtc? ucﬁ%l?%trrllg\% ﬁthépigopu g%‘%hﬁﬁlnofﬁt(:h%@%%n irely
conventional. The propulsion unit of Figure 1 is provided with a purging
system according to the o ) . . o
15 The propulsion unit shown in Figure 1 is arranged with the cylinder bemg generally
horizontal, and with the transfer passage 4 being disposed underneath the cylinder 1.
The present invention, however, is not limited to an engine having this- particular

orientation.

20 A piston 5 is disposed within the cylinder, and can move reciprocably within the
cylinder. A crank-shaft 6 is disposed within the crank-case 3, and the piston 5 is
connected to the crank-shaft 6 by a connecting rod 7, so that reciprocating motion of the

piston 5 is converted into rotary motion of the crank-shaft 6.

25  In use, fuel and air are introduced into the crank-case from the carburettor 11 by inlet
means (not shown) such as a conventional reed valve. When the end of the transfer port
nearer the combustion chamber is open, the air/fuel mixture passes from the crank-case
3 through the transfer passage 4 into the combustion chamber 2. When the piston 5
moves towards the combustion chamber (to the left in Figure 1} it will close the entry to

30 the transfer passage, and subsequent movement of the piston towards the combustion
chamber will compress the fuel/air mixture. The muxture is then ignited by one or more

spark plugs 8 provided in the combustion chamber (only one spark plug is shown in



present invention. The purging systemshown in Figure 1 essentially

consi sts of two 10 ports provided in the propulsion unit. A fZ§sf) @rEU@?is
provided in the conbustion chanber and a second port 10 is provided rn th
transfer passage 4. These ports are additional to the exhaust port E, and
they are s *@?@F&?F@wﬁnd i ndependently openable regardless of the position
of the piston 5 in the cylinder 1. The ports are shown. | i

th
states i n IFBYIG bTor clasify. 1 MUP ARAT S5eats BB SPuldRe BPB9aTs B et h
ports will. g, lrof!as6d -dfutg_lﬂﬁr frhifftire EH?%@ RROMLHLTS SwaRYrAR RBYconfb¥EdH | onal

ports that can wthstan normal operati'ng conditions of the propul sion
unit. It ichambef @r abhesxhhat pohieE pdlons the cootbustéort prisfuviistthi exheisd fronatlesf er
passage or ﬁﬂgg combusti on chamber, ta such an extent as to significantly
affect t he®YhBPFRY SIS Fsgrared BY teRisi@hgi ne. 20 The operation of the narine
propul si on unit of the invention when it becones inmersed in water will
now be descri bed. Wien the vessel fitted with the mari ne propul sion unit
capsi zes, Am$cefar dedckibeditthe cartsguctprmogfiths propulstint uttihiscogiely ¢overtenapl e, t he
air intake. It is preferable to provide the 25 propulsion unit with

swi tches, such as nmercury gravity swtches, that turn off the propulsion

uni t when B OhNeRIsRMOLE: 6F Figlk 10fs flaeidv@ssiet al furkRecdye@m Btbor@NEmo ite such
switches are provided they will not” conpletely prevent the ingress of water
into the pewspuinicononuniThe purgisg sytiem shhwnviadsetre k esseqtinlbocesis ofgtwo

capsi ze, the propul si.on,unit wll typical £ it -1f the
uni t ﬁ@s &0686589@65 Hnﬁﬂ% PRSP B4y o‘é ilrr%{g%%]ge% hseggogﬁ%g\;\ftn %‘S\r’xt%}’%hs? T il
not be posgifiber il atsBeondaidt 10Qs pesw@d iMethe Wansfie hasagé Bat Thdse pofts atoon 5
is hydraulically | ocked and so cannot nove within the cylinder 1. 2 OCT

2003 MEC RsiditnrbotoPhe 436RGt PortinE aanfuthey -2cg s¢ladisielsp pep indspelently ©pgrabies
possi bl e that .t he Lt Wil op.:\W . =4S | it gn:.such
t hat the er)%%zgg% S %%tﬁF POH 18?18%:%%%8%? 1%12}?6”%%1@@; é’dﬁ%\?\gggﬁ S%??h 1%1383%150%

cyl i nder idpehféﬁtdéﬁhﬂ?i%'lﬁre yislitan hbgadll opetatiok o tHehprdpitision unétdoth partsewilli fee uni t
and will prevent it frombeing re-started. 5 The first step i,qlth urgi ng
- proceds i Flessdopgan firstand sewwnd POFF fnayPesyiaRay ertlona) prrtsthefcagwithstand the

normal operating conditions of the propulsion unit. It is preferable that the ports do not
extend within the transfer passage or the combustion chamber to such an extent as to

significantly affect the normal performance of the engine.

20  The operation of the marine propulsion unit of the invention when it becomes immersed

in water will now be described.

When the vessel fitted with the marine propulsion unit capsizes, water will enter the
propulsion unit through, for example, the air intake. It is preferable to provide the
25  propulsion unit with switches, such as mercury gravity switches, that tum off the
propulsion unit when a given angle of roll of the vessel is reached, but even if such
switches are provided they will not completely prevent the ingress of water into the
propulsion unit. Thus, when the vessel is righted after a capsize, the propulsion unit
will typically be flooded with water. If the unit has stopped with the piston 5 blocking
30  the exhaust port E, it will not be possible for the water to leave the cylinder so that the

piston 5 is hydraulically locked and so cannot move within the cylinder 1.



the propulsion unit is vented to atnosphere. Water can then drain out of
the unit, in this enbodinent through the transfer passage 4 S d
port 10. Subsequent opening of the first port 9 enables rel egg QKGT fﬁé)él
hydraul i c pressure above the piston (that is, from 10 the conbustion

chanber 2)wmeaddlicinspsbh@n possible to rotate the crank-shaft 6 and so
reci procate the piston 5 within the cylinder 1, and such novenent of the

piston 5 wiyld mu@tﬁb‘ﬁ?ndéﬁbﬁfgum&nhﬁrﬁt fthe l;()%s(?rﬂgltﬂt(%ﬂe Hﬂfttwiﬁl%tc%?v@%%é et
through the second port” 10. The crank-shaft can be rotated either manually
or, if theshpftopalposiongnétt thasthtiexhaot pott hn ane sylandeeis wosereduHaowpvehaf

tart tor. 15 .The. d. 10 i f bl . ided at th t
o111 ci ont AT AgEnGRS Rt ik Bvarap BB PR B M it BRLTA ng

wat er fromgdniifdt8einl eRMLZE@N UNit. | the case of a horizontally
arranged propul sion unit having the arrangenent shown in Figure 1, the

transf@r passage 4 is the |owest part of the propulsion unit and the second

port 10 20Q.h erefore been positioned in the transfer passage 4. 1§,
owever , - CHE bt e Sura e Be it o vira e elork et 1 - et BaRietoe oo
the | owestih@ardpuRiont 1St iSREAIBE to RADISHARE! Mhterl AR tBRCAAG ARG tHOurdif) it 1165

transfer passage will not provide the nost efficient drainage. [In this

case, the esgodmenidprough thadubsfebpassageybania tho sewntl @od- 1 (hoFubseduent ppaming

dr ai nage point ha he.transfer ssage. 25 Si npl rai.ni ng.the ter

from the Chts it PaR 4 AEelFRag o AEARE pénumb e Shmtel dpel'R, B4R o
the engi nehd olBustRHt @ah@Rr 2JNi B ik ShBEGasEEle Wt RtatWithé dRakesthacemmdl £dged
in the , terminals of the sgark pl ug when water entered the cylinder, and

t hi s wat erewipiopatp tes pistont hwitdsattie oylinderfk andisyel mavgmenkeof thelpistbr Snvitk ur e,
30 Figur € cguges\wﬂelsﬁﬂﬁﬂpt}lé ﬁrcﬁ:%?s%noﬁlrgk tovlafte @&poeflleh Qﬁroﬂgg %le ?e%E:and ?%rtalo(.:y{“ﬁender
of a marine “propulsionTunit according to ‘one enbodi nent 0 € present

i nvent i oncri®-sBER 2008 MiGeFelther NenPBRAGERCHR Fropulstor? uahdwitidewlipper
part of the engine block 14 within which the cylinder | is defined. A
cyl i nder KA BSIrsusing the gtagter ¥RETengi ne bl ock 14 to conplete the cyli nder

in 15 '
The second port 10 is preferably provided at the.most efficient drainage point of the
-propulsion unit, to facilitate draining water from within the propulsion unit. Ii the case
of a horizontally arranged propulsion unit having the arrangement shown in Figure 1,
the transfer passage 4 is the lowest part of the propulsion unit and the second port 10
20 has therefore been positioned in the transfer passage 4. If, however, the engine is
oriented such that the transfer passage 4 is not the lowest part of the engine, positioning
the second port 10 in the transfer passage will not provide the most efficient drainage.
In this case, the second port 4 should be re-positioned to a more efficient drainage point

than the transfer passage.

25
Simply draining the water from the interior of the cylinder 1 is not, however, sufficient
to enable the engine to be restarted. This is because water will have become lodged in
the «terminals of the spark plug when water entered the cylinder, and this water will .
prevent the spark plug from igniting the fuel/air mixture.

30

Figure 2 1s a schematic sectional view of the upper part of a cylinder of a marine

propulsion unit according to one embodiment of the present invention.



a conventional manner. 5 The position of the piston 5 at the uppernps
point',of its travel is shown in broken lines in Figure 2. Fodi&]i}Cﬂ&ZU@3
slight "gap has been left in the Figure between the exterior of the piston
5+and the interior of the cylinder 1. A valve 16 is provided in the
cylinder headrdidndessted as the first pogt 9. In the 10 enbodi nent of
Figure 2, the valve is a poppet valve which is spring-|loaded so as to be

normal Iy c ?ggﬁﬁg 2 Jhe,viak m(pg&aﬁaerggf%%eg%?@pl&ﬁpw Wi AR RERt %Qﬂlﬁa‘i&r?% to

t he val ve nove the va romits seating Is to
nove t he vadkfiged headiindtohawht 8 jomefitg theeen2jnesoads 14 o apepletehibe Eylirsier por t
9. 15 As Figure 2 shows wat er 19 has becone | odged within the term nals
20, 21 of @kengEkieRaldp "ﬂ'ﬁleS This water will short out the terminals, and
prevent the spark plug igniting the' fuel/air mxture. According to the
invention, the water 19 trapped within the termnals 20, 21 of the spark,
20 plugs 8 [The pesitivrdi Hy pigon Emmtheglppenn&ctipphm;ﬁﬁte ttahel ipis]sﬁmirﬁbr(ohm bnesesul t

of continued_.rotation of the.c %ank shaft g% ter has been dr.ai ned
fromthe eHyFigare Fnier claghys astighf ft 6yva"tr8r?e§"’fiﬁplt © BHERY Yases

wi thin theyd stﬁﬂ sthg tl?e)ﬁhfé?ﬁ)?'bfﬁﬁ cylih@w 1over the spark plug, in particular
over and int e termnals of the spark plug,, thereby renoving the

trapped water 19 fromthe spark plug. The flow of gas over the 25 spark
plugsthat|sreuredtorermetetr water 19 .is.obtained py
choosi ng ah %liVFg]tﬁ 5 providedon sy c Wé‘%iggﬁq%to( fti Bhibeofiss POHe TI]E_‘S Begort
9 of H@urgmidgi nﬁﬂf‘éfﬁ%hréfech%@l%txé 9%09}%6@&%&%&%&&@@%&&0 458 be

general type s own In ure 1. During the down-stroKe of the piston 5
(this is toortedlyrdlegetl. i T:he Falyarcen b openedshynepplpingtan @&maiéoqgﬁﬁmtmww tobl ock

the entrance tq, the transf ass e 4 fr mt onbustion Once
this occur@ovagge tvﬁﬁ’ﬁﬂéeﬁabg?) C%B 15 &4 6 Pflg a‘i:%f’n% gkogggtﬂ%@’a alesul t
of furtherdmmgﬁp@yeezﬁ@tas% of_,é}ﬁth@lfﬁgt%nQ 9 OCT 2003 M&C- FoI io No
P50436PC 9 Eventual |y,  the downwards novenent of the piston will open the

entrance to the transfer passage fromthe conbustion chanber. Wen this
happenls_-), C%rsn&{gﬁl% esglovcagswatemg has become lodged within the terminals 20, 21 of the spark

plug 8. This water will short out the terminals, and prevent the spark plug igniting the’

fuel/air mixture.

According to the invention, the water 19 trapped within the terminals 20, 21 of the spark

20  plug 8 is removed by continuing to reciprocate the piston 5 (as a result of continued

rotation of the crank-shaft 6) once water has been drained from the engine. This

. continued movement of the piston 5 will cause gases within the top of the cylinder to
flow over the spark plug, in particular over and into the terminals of the spark plug, - .

thereby removing the trapped water 19 from the spark plug. The flow of gas over the

25  spark plugs that is required to remove the trapped water 19 is obtained by choosing a

suitable location for the valve 16 (which forms the first port 9 of Figure 1).

Consider the operation of a two-stroke engine of the general type shown in Figure 1.

During the down-stroke of the piston 5 (this is to the right in Figure 1), at some point
30 the piston will block the entrance to the transfer passage 4 from the combustion

chamber 2. Once this occurs, gas trapped below the piston will be compressed as the

result of further downwards movement of the piston.



beneath the piston will pass through the transfer passage into the
conbustion chanber; 5 and will |eave the conbustion chanber through the

exhaust port E. The flow path of the gas fromthe transfer ugh
t e conbusti on chanber to the exhaust port is conplex, and 2?3@?32@&%

by many f d8¥QleNepATEs t he shape of the conbustion chanber, the shape of
the top of the piston, and the relative position and orientation of the
exhaust port and the transfer passage. 10 If the first port 9 of the

t i ion | his will affect the fl th of in th
Conbust i ort RS (e R seds epvathang f g 5oton B gRPnRRBENEIER the
conbust i onrarehaRRaked ﬁbﬁltttﬁﬁg&hsua‘tioh%hmlﬁaieéﬂ lwhe&ﬁxiéhaﬁﬁﬁg o%ﬁilﬂg%]s(s:éed‘%atoshet e

up-stroke of the piston, pi ston w bl ock both t'he ent

transfer pussahéhamstonivallgass thrmghtthe rimsfaxirasage imorthe cdmbustionehamiper at i on
f th i,ne: ,thi |d |.ead,t i f d ab th

i stonS | 124 Hlkieete e PuBEHURR (oAb o T UER ah PR bOF ot AW A She. 11 r st

port 9 is (ROGES frbraind hendaSabdagp Badugphe\eeibistid Saibertd thekgnakl ﬁ(@ R

follow the flow path that I'eavés the combustion 20 chanber throug
first portcomples bed prdesemingdhyemennfactnesichrastthepsirape of ihe goodiusiiomed such

that, when,the firs orf..i open,.the flaw .h of .gas tp the fir port

passes ové:}]alflﬁ%r’ B}ﬁs&i‘? e%j#th? ioéj %’%ﬁ? Elst)qnﬂar_l& %?ereg%}ﬁgp?%ﬁ%n 8‘?‘5)9%@%@% nin

t he cyl i ndgd exdalidt vorieidehatrhhgd naedeei ty stream of gas across the 25 spark

pl ug, and the resd)l@t of this hi gp\rfl vaglgocity stream of gas crossing the spark

plug #8 to renpve water 19 lodged in the terminals 20, 21 of the spark

pl ug ther | i t. chi,eve .4 gpi tion. Thu ter
Pranped | i rdlRRoh ot B8 prlsliaPortnugoper by S gk BREoT Bl B By gas
.30 f1 ow ngheosepiibiistien pRarfilies. Sbrichas SPAFK I W dlowPesh tha MaRes theofibugtonpor t
such that a gas flow path over the spark plug is set up when the first port
i s open i §h’rapsy thiopgh thefirstport Penpvi ng water from the points of the spark
plug. As a result, an engine of the present I'"Src 2-,,003 N MC Folio No
P50436PC 10 invention can be restarted very quickly. In trials it has been
f ound1$ hatAtacime pgimén thenpkstroke of the piston, the piston will block both the entrance to

the transfer passage and the entrance to the exhaust port. In normal operation of the -
engine; this would lead to compression of gas trapped above the piston. In & marine:
propulsion unit of the present invention, if the first port 9 is open then the gas trapped -
above the piston will be able to follow the flow path. that leaves the combustion

20  chamber through the first port.

In the present invention the first port 9 is positioned such that, when the first port is
open, the flow path of gas to the first port passes over the points of the spark plug. The
upstroke of the piston in the cylinder will create a high velocity stream of gas across the
25 spark plug, and the result of this high velocity stream of gas crossing the spark plug is to

remove water 19 lodged in the terminals 20, 21 of the spark plug thereby enabling the ..

spark plug to achieve ignition.

Thus, water trapped in the points of the spark plug is removed in the invention by gas
30 flowing over the points of the spark plug. Positioning the first port such that a gas flow
path over the spark plug is set up when the first port is open is very effective at

removing water from the points of the spark plug. As a result, an engine of the present



restarted after around 10-15 pulls. Since so few pulls are required, the
restagt process can be carried out manually, and this is a considerable

advant’age when attenpting to restart the engine of a boat thgt: T 9 ’
cgpsized. 5 If the first aperture were positioned such that tz;gﬁmp’?aqqg

of gas to gt Shs@perture does not (pass over the points of the s'park
plug, then the flow of gas will not be effective at renoving water from

t he poi nt %n%nutoﬂ%laﬁ B@E#&t eHfoe?)r'gukﬁlg\r’\‘Iﬁ %t‘%g Bééﬁ%ohn& ﬂ'rarf 85 kAihe Eﬂlebe

engi ne. For exa I gure were | ocated on the
ot her si d&eaﬁrtémﬁte“rammﬁti@sli pnﬂlscfﬂmitneyo fewrputllbarqomqun-e@mh@wssirtqamcasm br oken

lines, there would be no flow of gas over, th ar k and trapped water
woul d not 988 bE&ABIREPY FSRdhe ag‘gg}lkmpﬂ wmde;a@f ©3 @gtagggfglgﬂ aH?rpon&%[ drain

ports do r}g&tagﬁge i FaShdat gl\gtgyse(ga tbgi spark plug, since the position of

these prior art I'nm ports Is dictated solely by the need to provide good
dr ai nage of water fronlthe engi ne. 15 The spark plug 8 shown in Figure 2 is

a projectin pe spark plug,. he termn of the spark
pl ug proj ééawl Hﬁbaﬂeﬁéfec‘bj%&’@ﬂtﬁﬁei ﬁfﬁé t ther, %Wr}‘rﬂh‘&f%ﬂségzlﬁfﬁrtsh@ SR ent i on
apply eaualoly nbiGhads BTREHEARARIR Ok ?l‘u% ey iy beERSRAMNdORRHRBRA Pl UG

or plugs |n ete mnals d tToject into £he conbustion
chanber. %@rdmo\tlhgwlatw ol thie pomte of)thefspm{qﬂug achit ol bediffichb t6 rastyt thort 9

of Figure I or the aI e re 2 detern nped, a re
ons: ggr atEmeof Of Ferp ] é%‘? fiﬁSt @%\’gg‘fﬁe SWelal?%’% lP‘FF‘éeCPB? gjte?ﬂ%gfg St d?éhcglﬂﬁ%t tern
Of gag gf ! %\A’nfbﬁl%@clﬁﬁl%?tﬁ'%ﬁ@ ﬁtﬁﬁﬁn% &Bamqa%?owﬁmeg hReivigilld BORS ABw OF

al ve 16 i s open, since attern of gas w when the first port 9 or
vaI ve 16 icf ga%verltknesmﬂnpl;ag\mu ltrappedswater mubjmdt@edcmﬁ@edefwm the gmﬂep@gs hows

atyplcal attern of gas fl ow abov i ston e case,where the

piston 5 i r&’é‘%&?ﬁ‘?‘h Hrfat ‘é‘i‘?@’ S\fg’ri% Sfﬁgupo%%?‘f’ f?%é’v?r tggtg?% PRIE PWE val ve
16 has begi. ,slei&! oF hed pdrbhairaih R iPaicafedddsePue thd Mrdlte providd goodl t he
spark plug has been 30 substantially maxi msed, for exanple by using the

process deszinageed vedsov@om|the egine.be seen that a significant part of the gas
flowfljows around the termnals 21, 22 of the spark 2 9 OC T 2003 '

- The spark plug 8 shown in Figure 2 is a projecting-type spark plug, in that the terminals
120,21 of the spark plug project into the combustion chamber. The principles éf the
invention apply equally to a marine propulsion unit having a recessed-type spark plug or
plugs in 'which the terminals do not project into the combustion chamber. -
20

In the invention, the preferred location for the first port 9 of Figure 1 or the valve 16 of

.. Figure 2 is determined as a result of consideration of the pattern of gas flow above the
piston 5. The pattern of gas flow should be determined for the case when the first port 9
or valve 16 is open, since the pattern of gas flow when the first port 9 or valve 16 is

25  closed may well be significantly different.

Figure 3 shows a typical pattern of gas flow above the piston 5 for the case where the

piston S is ascending and the valve 16 is open. The location of the valve 16 has been

determinéd so that the flow of gas over the terminals of the spark plug has been

30  substantially maximised, for example by using the process described above. It will be

seen that a significant part of the gas flow flows around the terminals 21, 22 of the spark E‘



M5cC Folio No P50436PC plug 8. This will have the effect of renoving the
water.trapped within the termnals of. the spark plugs. Wen an existing
engine is being nodified to incorporate a post-imersion restart 5 system
ok the invention, the size and shape of the conbustion chanber S;ngﬁaggos
of the uppre&cﬁolamemdaspthe pi ston 5, andlihe size, location and tg

spark plug will already be known. It is therefore straightforward to

det erm ne phg samprsoxi haeahpeffdceoimembvigathe WaterWapbei eittimteergtimats ofn t he
conmbusti on chanber for h given location of the valve 16. Hence, the gas

fl ow acr ostbespskopask plug 8 can al so be determined. 10 Once the gas flow
across the spark plug has been determ ned for one position of the valve
16, the procedure is repeated for other positions of the valve 16. In this

way, the Washtanogkifingt B@Ulﬂ@he}/@efh@ inhdiﬂegi remcbiperge eapestimpassibh qestacr 0ss
the spark plug (and hence that wll provide the nost effective reripval of

wat er £r oriysi§a! Ofstbaﬁweptl%)th%aﬁeB@S@Geé’éifé’r%tlom fhamberc B ShpRcRS Bf of
the engi ne, ﬁelai%'cs?f 1A%, %8h $ea Igfgltegb&ek&hﬁ&%@h@mtp@sﬂa&k Bl {08t 51 Teﬂh%l S o

the greate OW ‘acr 0$% valve s préfera

at that pashddvan. ItHowestefore v ghiftrdiatd/ tondetarmiax itlsé amommgate\@attérn dfgas
possible that the 20 construction of the engine wll nake it tg cuIt or

i mpossi bl €19 apeeathe pﬁ‘i‘én ymihgeompugtion Pll*PéntfﬁszP’E ? Shvannigeatinn sthe va Vﬁrléat est
gas 11 ow agLRsSink e AOREd B spbfk ADE 8 GR3R0 belicletmimicessary to adopt a

conprom se ocatl e va hi's conprom se location should be a
| ocat il@n where the construction of the engine nakes it possible to position

t he val ve, but which still gives od fl ow of s.as possi.bl e gver the
spark pl udnossthegan Weava%@eusga%p%ﬁ eﬁ? |dﬁm5?e%pfgfé" tpé’FléloPd)fﬁé

consi der ed, whefs @ﬁéﬁsparﬁg Ifeﬁé‘atécpﬁ@tdﬂ%g positiochd16f Mﬁ'%@ve 16 ﬁ{ﬁust Wey \Mpt ume

of gas flow over velocity of flow of the gas over
t he spar k pokitign off theovadier 1§ thapglum)ﬁle gregbist galy ﬂmﬁglclﬁss th@@p@ﬂ@mlng findchence | s

e P 0 S SRR e 28 5

15 determined.

If the construction of the engine enables the valve 16 to be placed at the position that

. gives the greatest gas flow across the spark plug, the valve is preferably placed at that
position. However, when modifying an existing engine, it is possible that the

20 - construction of the engine will make it difficult or impossible to locate the vaive 16 at
the position that gives the greatest gas flow across the spark plug. In this case, it is

~ necessary io adopt a compromise location for the valve 16. This compromise location
should be a location where the construction of the engine makes it possible to position

the valve, but which still gives as good a flow of gas as possible over the spark plug

25  when the valve is open.

The principal parameters to be considered when determining the location for the valve
16 are the volume of gas flow over the spark plug, and the velocity of flow of the gas
over the spark plug. In order to promote rapid drying of the spark plug, it is desirable to

30  make one, and preferably both, of these quantities as large as possible.



12 O her factors that may affect the flow of the gas over the spark plug
are the size, shape and orientation of the first aperture, gnmu'sgggge
shape of the conbustion chanber in the vicinity of the fir?s t ~ The
process described above can be nodified. to take account of the effect of
varyi ng sOff el MaPsPSEE these factors. %%1n an engine fitted with a
post-imersion restart systemof the present invention, once all, or
al nost al |Qthamfastorh et pagrffesipide flsy of bmgehevémbespark pbfg améhesiepshepeon
unit, conti,nued novepent. of the pistagn (as a result, of. continued
ot at i o PainEnH PYER R anifi pid i phelBinedor B rtnliol PHEBH e 5 1o
fl ow acrosgeibhhe oFPdRe kil bgerBrdeliRy erobdsd aatipél bhevePERPYE Shedifibdit thity ough
the first aperture 9. This flow of gas _across the spark plug 8 will renove -
wat er | odgedount of He edisat & yarvigs semapr alhphtiesh@copar k plug to achi eve
igniti gn and enabling the engine to be restarted. The present invention
t hus nabl es water to be renoved fromthe spark plug 8 in situ, and
el i m nat egntdnengarditdd witk ApKRt-irhiesSiar testah Ugst8masftthe iptdyerit igvyntion, ofice ,
replace it with a fresh spark plug.. This 15 greatly sinplifies, and al so
speeds up,alk 196 Imesedls \Mﬁlf%hﬁbgﬁ@ exeelisdfreie the infgtier of dhc erapsIphERE. pl ug
8 has bee -] LGl . t ! n r : . l5St
and secon Og%}rlfegl %H&%&éggh{?}/ p(%;stgé .5 (Q‘ﬁ%?%%gi%gecggtgﬂl%ﬁggvéggﬁ trogg‘[eaérr ed$Ha 0 In
an al t er nat)iwil erehoghuse ghsedfabbhe thw pitargs po otes scrdshehd spak fiog 8 Befb=
opened a pre-set tinme after the secon ort 10 has been opened. Thi,s can
be don@ eileavdng e preavisioal ynjt thspugh s éﬂS{) B Sent g Hqve 0§ €88 AEropdiE 10
and waiti i r i ' : set
e ai |1 AL 3 fchlERe SRAG BQRCRI B0 hiIR pitg &7 AT e I8 pRILLEC
unit. |t shhiske igmitioheandendtding thhahgineetopher gistagedr ddesgresent punahntion elths25
unnecessarily, but it should bg suffi cirﬁ(nt tq .al |l ow substanti a%l }\4 adl | water
wi t hi n t h&naRJEp paissite he drmPYecoirpR B SerRIug Rri fik #HeClHBIRgIR orEehE. I n
an alternatil i i 'S 1 L : e d port
o 10 are a1t
~ can edSsi | werélysanplifeek, 301 aed speatit ty ubhplokessefipsrgihetheehemtiodvatirsadvant age
that, as explained belowwith regard to an alternative enbodi ment in which
only the first port 9 is provided, sone water could be blown into the

spark pl ugRedsd &gk bR PE:HeR dBEPSESRently for the engine to be restarted, the first

and second ports 9, 10 are closed. The engine can now be restarted.

20  Inan alternative embodiment of the purging process, the first port 9 is opened a pre-set
time after the second port 10 has been opened. This can be done either automatically, or
manually by opening the second port 10 and waiting a pre-set time before opening the
first port 9. The pre-set time will depend on factors such as the make and size of the
propulsion unit. It should not be so long that the purging process is prolonged

25  unnecessarily, but it should be sufficient to allow substantially all water within the

propulsion unit to be expelled through the second port 10.

In an alternative embodiment of the purging process, the first and second port 9, 10 are
opened simultaneously. This embodiment has the advantage that it can easily be carried
30 out, although there is the potential disadvantage that, as explained below with regard to
an alternative embodiment in which only the first port 9 is provided, some water could

be blown into the spark plug 8 during the purging process.



29 VvVC! 2003 MC Folio No P50436PC 13 Control neans 13 are provided for

opening the first and second ports 9, 10. If it is desiredgt é& ) COsts
to a mninmm the port 9, 10 can be opened and cl 0se.d."’1)§’i"ngzeé) ﬁﬁ«ﬂﬂ?ﬁ?
control means. Alternatively, an automatic control means can be used. 5
When t he pr&pldreR©thit is i mersed .”ﬁ water, water is likely to enter the
carburettor 11 as well as the interior of the propulsion unit. It is

possi ble that water in the carburettor could be expelled by turning over

t he crank=shaft, 6 of the propul si.on unit for sufficiently,long, tine. It
o however Sspanedisti et 68 pidie 1B pral el SooB T 0RO % nage
system f odesB¥@ P keepAcsbiRionaafnisvih eiile Poetho, 280 885BE bpafkdi MdRIsRARMg Pat ent
No. 0 219 278. In the preferred enbodi ment of the invention illustrated in

Fi gure 1, mhAeud cerfrolpesans.oAitgmapyyi alediiornaticrongiohhgans o behaetber 2 and the
second Jort 10 is provided at the nost 15 efficient drainage point of the
engine (in the transfer passage 4 in Figure 1). In principle, however, it

woul d be p@Seh BheplopulRioavirieismmersdaeint watsd, vaditis Sikely tohsteraberbatstueasr
chanmber 2 and not to gerovi de the second port 10. In a propul sion unit
provi ded ohll ¢swathas fee finteger pbrhe gropuhgon junit Hoist Papsible dhpdneetcnin e

start of t i I i I ter
fo be expelt i St ABERR &7 RE S3HEE Sk R B B BB B A e
over. Wi | esifficienily 1q@ssmbl eltiin yrwavet, Preferdbieteepiosidehte caibasdoantidgies t hat
all water in the engine will be driven, past the spark Iugb8 pefore being
expel 118d tHy»Enagsesysiens tiopgrample Hdmigage; ysispsgich| 2 5%8’{1 thinsEgjopeanc ause
nore wat erp, Lo \pcewidlake in the spark plug 8. In consequence, the tine
taken to purge water from the engine and renove trapped water fromthe
spark plug may be increased. 25 The propul sion unit illustrated in Figure 1

nae onlY oLt RPN LS00 B 0L LAY, L LS, otever
e o e e g ol ey R A SR
pl ug. l5f tefficient dmmimmgtiptt of the engine (in the transfer passage 4 in Figure 1). In
principle, however, it would be possible to provide only the first port 9 in the
combustion chamber 2 and not to provide the second port 10. In a propulsion unit
- provided only with the first port 9, the first port 9 is opened at the start of the purging .
process to depressurise the engine, and allow water to be expelled through the first port
20 9 when the crank-shaft 6 is turned over. While this is possible in principle, there 1s the
disadvantage that all water in the engine will be driven past the spark plug 8 before
being expelled through the first port 9, and it is possible that this will cause more water
to accurmnulate in the spark plug 8. In consequence, the time taken to purge water from
the engine and remove trapped water from the spark plug may be increased.
25
The propulsion unit illustrated in Figure 1 has only one first port 9. The invention 1s
not limited to this, however, and it is possible for two or more first ports 9 to be
provided. In particular, it may well be preferable to provide a large propulsion unit with
two or more first ports, to ensure efficient drying of the spark plug. If two or more first
30  ports are provided, they should again be positioned to maximise the gas flow over the
spark plug 8 (as far as this is possible with regard to any constructional constraints on

the location on the ports). Similarly, two or more second ports could be provided.



30 ports are provided, they should again be positioned to naxim se the gas
flow over the spark plug 8 (as far as this is possible with regard toB&r;y

constructional constraints on the |location on the ports).N&'rg'qu@Wy?_U
or* nmore second Rorts could be provided, ,~.~ '] 9 0 CT 20M ol To No

P50436PC T#qFly NS08 ed above, the filt%t port 9 (or first ports if nore
than one are provided) should be dinensioned and positioned so as to

maxi mi se, A% neted pbeaws, tr busbpert 9¢as fifst parte viemorenthan spapic proviged) shoulskbrer to
dry the spark plug. 1t has been faqund that, for. an engine haxing a

conbust | onRIBe apdliopdi P o Mntdfinar RyRRgEPEoR e odrgrelape

ar r angenenpark ;ﬂh@%nbfﬁe'ﬁtcg@'ﬁy&héﬁ%ﬁrﬁ‘ﬂl@sitﬁ@@lﬁ'ecﬂ%&ﬂlﬁth@f, fér SPeHdindMhaehg hat
is centrally located in the conbustion chanber. If however, the spark plug
8 is it sel¥combushonshrebashaprshgenerillymsghpwnin higra lpo aged ampncheeny r st

port 9.ce . [ - r par ver,

the pr gci g égﬁl&ééﬁ%ﬁ,&l lgﬁg‘ﬁgesgg%%s@?aﬁr ‘!éfg%vfé% p}&(%htﬁ%ié c%gﬁl%ﬁ%ﬁteﬁ@ from
engi ne t o cef@ubton aNahbeiStif Bewsegaatiat eayk Peiges i ieelf hoan eagh angiods. inl0 In
an alternative enbodi ment of the invention, the first port 9 has an annul ar

form and dHEUIE dadhenppgsitioning theuisbperdd eemirally arqvigasigesed gas Bovelvar e
enbodi nmen i j 4, 1] . N r r 15
conbi ned itsﬁa%r}giﬂ\%gl ielloiﬁ)r?gée}; t?[1 elar_e&]@% 1@%@@&%@%@%{&% l{eh%ﬁ%dl ﬁ’gtthaggﬁt‘ﬁr}% 9is
agai n annuhsy fromresighie tb eagihe, pad thak by sqpacatelyiidermhed Spoddsh phgige8. In a
preferred enbodi nent, the external dianeter and thread of the insert 12 are
choseh? to match the normal threaded hol es for spark plugs provided in the

conbust i oenagﬁﬁaame Jﬁiﬁeﬁ%@ﬁv@nt@mﬂ%ﬁﬂ?% 9 Hasoaﬁérﬁfu% szé&gétl tnd £ b€

nodified to the presen Invention sinply I ng the con I onal
spar k pl udeaanghrtiglipt sietongds thewpirh pdung 81 nsert of the invention that includes .
both the spark plug and the first port. Alternatively, the insert 12 can
contain a normal size spark plug, and is designed to 25 screwinto a |large

bore_thr egded-dgte emoﬁﬁxgﬁrﬁ,om WPHERAIR e s SpIBITOdhIERL it Ot he

use of a stan d spark ug, but neans that convers 0 conventi onal
propul§i onomhintedtimatshglpmeseh?. Imihenembodiweut, dhefitshageramnd digagain teldyor e

provi ded Iagdgthl%ast%%% )s/tshgguncdksl?hng)sepraﬂzI())ﬂlgr&ecel ving the spark plug.

In a preferred embodiment, the external diameter and thread of the insert 12 are chosen
to match the normal threaded holes for spark plugs provided in the combustion
20  chamber. This enables a conventional propulsion unit to be modified to the present
invention simply by removing the conventional spark plug and replacing it with an

insert of the invention that includes both the spark plug and the first port.

Alternatively, the insert 12 can contain a normal size spark plug, and is designed to
25  screw into a large bore threaded hole in the combustion chamber. This embodiment
allows the use of a standard spark plug, but means that conversion of a conventional
propulsion unit to the present invention would entail enlarging the bore provided in the

combustion chamber for receiving the spark plug.

30 In another aspect of the invention, the second port 10 is not only used for draining the
engine after immersion in water, but is also used for introducing fluids or other starting

aids into the propulsion unit. In this aspect, the second port 10 is preferably located in



30 I n anot her aspect of the invention, the second port 10 is not only used
for diaining the engine after inmrersion in water, but is also used for
introducing fluids or other starting aids into the propulsion unit. In

this aspe Ci&ggﬁﬁggggd port 10 is preferably located in MCH§ (¢ NoP(03

P50436PC 03 the transfer passage 4, even if this Is not the
| owest point of the propul sio ni.t. | he _transf.er passage i$ t he
| owest poitﬂ‘f :‘ra“éSf_t?rhl?arsgaggeﬁﬁég?ri &éﬁ? 1_5)88?%‘8}1%‘”’%%991“( H_‘éﬁ‘%ﬁmﬁ g’nc"%‘ Qg_tﬂileocat ed
at the | Oviﬁaﬁi%fepgagktag@ﬁs hoenPnoRed SHoti, HMhitd 58eRVAW Bferblel sdre (ot dhaivARgeE,
if desired. 5 According to this aspect of the invention, re-starting_ of

t he propulceindn loaitad afthelowdshpanséiothe psopfulsiehenit foaprovide fbel cni@haigagsh el

engi ne has, been purged of water, and the spark plug dried, a starting aid
can be infﬁﬁﬂﬂged t hrough the second port 10 in order to aid starting the
engines 10 Injecting fuel or another starting aid through the second port
10 al so enables the propulsion unit to run on less volatile fuel. For
exanmpl e kekasouhng ite thissaspeel af ithe invenilonpae-sierting of tthatrrephleayi wat aéei gned

| nst oad_ofgeengr  AeRTIRamelah nOhe R fnde S OB kR of Mot ind

the 15 f %ghrki flug Bapg etktirtifaliedande ihRokieic siebagh thetsetdndpdrt 10@1 oslentadt on
kerosene. A propul sion unit of the present invention in which the second
port 10 i QipstaRingde ¢nginthe transfer passage can be adapted to run on fue
that i,g | ess volatile than the fuel for which the engine is designed. For
exanpl'eé, a propulsion unit designed to run on petrol can be 20 run on

ker osene. [fRetiskifleli & shdhérestalingl Aildr desighnthepsdcond pobr 00ofisd leratdex drd port
10; when the engine is running,_ the second port, 10 i s cl|osed %nd ker osene

is fed toPrersiamyniido r o dass VALl dtor gxanale K&rqsepghis 16soyP e dhan
accordi ng ] i bt nd n 25
out boar d_Righ 6 R EE Ekine REGBRLOR HFDrIRUE S Sencrly RN Mkeroele B T
a singl e agtd adefuel fmdtead of petrol.  Once the engine is running it will continue to run if the.

15  fuelis changed from petrol to kerosene, but it will not start on kerosene.

A propulsion unit of the present invention in which the second port 10 is provided in the .
transfer passage can be adapted to run on fuel that is less volatile than the fuel for which
the engine is designed. For example, a propulsion unit designed to run on petrol can be
20 run on kerosene. The unit is started by introducing petrol through the second port 10;
when the engine is running, the second port 10 is closed and”kerosene is fed to the

engine through the carburettor 11.

A propulsion unit according to the present invention can be used as the power unit in an

25 outboard motor.

Although the invention has been described with relation to a single cylinder, for
simplicity, the invention can of course be applied to a multi-cylinder engine. When
applied to a multi-cylinder engine, it is possible to provide each cylinder with a purging
30 system of the present invention. Alternatively, only some cylinders can be fitted with a
purging system, with the other cylinders being fitted with just a pressure relief port to

allow water to be expelled.



sinplicity, the invention can of course be applied to a nulti-cylinder

engi ne: When applied to a nulti-cylinder engine, it is possible to -provide
each cylinder with a purging 30 systemof the present invention.
Alternatlvel only some cylinders can_pe fitted with a pumg@n

with the d%é?""é‘?ijﬂﬁ%rs being fitted wwth just a pressure Eigﬁzimo
allow water to be expelled. M&C Folio No P50436PC CLAIMS : 16 2 9 OCT
2003 1. A%NW'propul sion unit conprising: a cylinder; a conbustion
chanber extending froma first end of the cylinder; a spark pl ug di sposed
wi t hi n t he leombdstiadee pedpalsiver unitanemprispigs koeylindai pr omuhisyormolvaaiel € Wi t hi n
the cyl i nd@grendngMisih @itfst hEotifl &yhanérIi"ﬁ;r mﬁgo#ep%g Jﬁﬂ-&ﬂ{ ?tcmﬁﬁ)&ﬁsnure the

first aperturei)ﬁbeln sel ectively oena e In osition of
the pi st on“H® ’ﬁ“‘Eﬁ@s'@yFﬁcmﬁblyﬂ?@abkl“ﬁ@nth?)@ﬂlﬂ@ﬁi"e bei ng positioned such

that, knits Op\elibrﬁﬁ aheumﬂﬂﬂrﬁﬁﬁlabm@{seﬁ Eef' B &leQlie, ﬁﬂuﬁ@ﬁa&%ﬁm"‘beﬁ@ n the
propul Si on and subsequently to  fl ow out

w.over .t he
Pt P e pr onfibert SpcneRe imibintn B BRRoSE s Plirod WL Ls gD deo! 1 he
first apefitstrperioe beng phsitistied] swb tha, nOitC apeaestdid, Aoveho@asE @Y Qistdane

term nal s he first a tur S 0 thErebyto
remove wat ‘g{ eHEgS ﬂﬁ]&{@}f’%?ur{ ? umft%é] s LA 5P F @P bsﬁ?”%ﬁ %R

propul si onflemiout a5 ﬂ@l BPprddon pnig |tlapqgh1thwtﬁteqt @pmtirhethq)peamunoof 73 ﬁrhe first ..
aperture .@eﬁﬁk%&hﬁq‘e@&e@@ ds Qo LNLESy Bf %asg,%%@?e%mg\k ewth(e ,égr?ﬁmgvef the

spark(?lug when e first aperture is ul sion unit
as cl i med"h 9 g‘is"rﬁpfﬁﬂff’ ‘@%W&bﬂtqqﬁ@%ﬁwtﬁw @Pfﬁtfﬁélals Ff thesparhperture i s
sel ected siugas to maxi m se the flow of gas over the spark plug when the
first aperture is open. 20 4. A marine propulsion unit as clainmed in claim
1, 2 or 32wher éimalﬁmmprfopnlsionamératsmtaémedlmqﬂamvildﬁdzrém thdygosiiurbefthe st .

chanber eﬁ@ marlpe B opul sj an uni_t s cl rre in claim4 wherein the
first apefRTHE 1SseleclsBsPantq BARSE asigy &?nt qvgr i sparkc RlEgddCR he spark
pl ug. the first aperture is open. :
15 ' _
‘3. A marine propulsion unit-as claimed in claim 1 or 2 wherein the position of the = -

- first aperture is selected so as to maximise the flow of gas over the spark plug when the

first aperture is open.

20 4 A marine propulsion unit as claimed in claim 1, 2 or 3 wherein the first aperture

is provided in the combustion chamber.

5. A marine propulsion unit as claimed in claim 4 wherein the first aperture is
substantially annular, and partially surrounds the spark plug.

25
6. A marine propulsion unit as claimed in claim 1, 2, 3, 4 or 5 and further
comprising an openable second aperture, the second aperture being positioned such that,
in its open state, movement of the piston causes fluid within the propulsion unit to pass
out through the second aperture.

30
7. A marine propulsion unit as claimed in claim 6 wherein the second aperture is

disposed at substantially the most efficient drainage point of the propulsion unit.



25 6. A marine propulsion unit as clainmed in claiml, 2, 3, 4 or 5 and
furthér conprising an openabl e second aperture, the second aperture being

positioned such.that, in its open state, novenment of the pj
fluid V“truélpbﬂﬁo£&9f8|5ion unit to pags out throughthe_sgztgﬁngéﬁﬁare.
30 7. A marine propulsion unit as clainmed in claim®6 wherein the second

aperture is disposed at substantially the nost efficient drainage point of
the propulsion unit. OCT 2003 17 M&C Folio No P50436PC 8. A narine

propul si org uni tp %?ar&'e?%ﬂ?ﬁéi&ﬂuﬁﬂt a4 OLBnc@'in Gl ST AliefirG MRy Siisi 2
crank-case extending froma second end of the cylinder; and a transfer
passage f @rankpeaseenfiending ifivinda senondnnd af thervyhedarean a tianséarpassagasy and t he

combusti on chanber: .5 wherein the second aperture,i,s provided .n.the
ransrer  JueOage i Subrrionlon PamaRE AR P (o o I R b oS *anc
furtheg CWHHréiﬁ'tﬁlee&B@d‘@perfu@éisgﬁbﬁﬁéd ghé trhgder pikghgkhe transfer passage

t hrough the second aperture. 10 10. A nmarine propulsion unit as clained in
any of clainms 6 to 9 and further conprising control means for :

OB 10 ST e D S RSSO

unit as clai ne ér el n neans i s

the first fapRidcting flaidmer SetrahbfeEpatigithonehingethiel grend aperture. 15 12
A marine propulsion unit as clained in claim 10 wherein the control neans

is adapted to open the first aperture sinultaneously with the second

t . 413 1t . : i Si. i i it
Gort ndd; doany orrbg SRR Gy §PBhIeR R oF B B SR Bl L1 B
posi ti on @bmiphiinkicostropedds foodeingtclomig the firpradubsimdapenitesas defined in

any of clainms 1 to 12, the nethod conprising the steps of: 25 (a)
determ ning a paraneter indicative of the flow of gas over the spark plug

when the fjyrst aperty E)?oﬂu%i&p&rﬂt fOlaithilih $aiR A9 i fin Ve LMol bleghs @Perture;
adapted to open the first aperture a pre-set time after opening the second aperture.
15
12. A marine propulsion unit as claimed in claim 10 wherein the control means is

adapted to open the first aperture simultaneously with the second aperture.

13.  An outboard motor comprising a marine propulsion unit as defined in any of

20 claims 1to 12.

14. A method of determining the position of the first aperture for a marine

propulsion unit as defined in any of claims 1 to 12, the method comprising the steps of:

25 (a) determining a parameter indicative of the flow of gas over the spark plug

when the first aperture is open for a first position of the first aperture;

(b) determining the value of the parameter for a second position of the first

aperture; and
30

(c) comparing the results of steps (a) and (b).



(b) determning the value of the parameter for a second position of the
first~ aperture; and 30 (c) conparing the results of steps (a)_and (b). 29
OCT 2003 M&C Folio No P50436PC 18 15. A nethod as cl ai nmed |ﬂ§|@0ﬂ4129{]3
whierein the paraneter.is the rate of floow of gas over the spark plug. 16.
A et hod ggcg y

YR clai m 14 wherein the parameter is the velocity of
the 5 flow of gas _over the spark pl 17. A nethod .as cl ai in.claiml4
wherein t e palﬁawggh@{,ia§§}aprﬁgfglaql§1ggl%%hgmmtl@wgm%?rdﬁgiedptefq Vi &8s over
t he spark, n%_velocity of flow of gas over the spark plug. 10 18.

Li4g g&ﬁik
A net hod o? pu‘;3 I ngba marine propul sion unit, the propul sion unit
conprising: a cylinder; a conbustion chanber extending froma first end of

t he cylinder; spar I i spase it hin . the conbust.ion,cha r, a

pi ston r eggpr o%ﬁ%&oﬁﬁgﬁgﬁﬂeﬁmcﬁ?w F%gherc‘?m the daramelgrds h’ef‘ierl(’é:ft}'g%g}fet ure, the
first apeghLu & LehLos mek Kgﬁ%[y openabl e i ndependent 15 of the position of
the piston withint ec;}lgiﬁn er; the nethod conprising the steps of- opening

the first aperture; and reciprocating the piston within the cylinder so as

to induce_ flow,of gag over the .spa | u hereby .t o renoy.e t rapped
Wi t hi n thﬁspaﬁ(nlﬁg‘ﬁé.as Stinmesl 1By L‘tﬁgwﬂbﬁwﬁﬁﬂ% erﬁ%ﬂ%hcea%& \é\%ﬁﬁﬁ% uni t
as clal medoluhedfdloR dBzMNRELINE s érﬁ'pthh%éndrtﬁ@'v_@lbgﬁﬁbfﬂQwafghé"@vd?ltﬁé gariexpel s
wat er fromthe propul sion unit ?hroug the first™ aperture and further

reci procaplugg of the piston induces flow of gas over the spark plug. 20. A
nethoﬂ)of purging a marine propulsion unit as clained in claim18, wherein
25 the“unit further conprises an openabl e second aperture, the nmethod

conprisingg. OPEREMEd R BuSREONFaARE plopiRion @i, HeRaphlsgnufe dohptisigia t hi n
the cylinder so as to expel water fromthe propulsion unit through the
second apeylinges;a combustion chamber extending from a first end of the cylinder; a spark plug
disposed within the combustion chamber; a piston reciprocably movable within the
cylinder; and a first aperture, the first aperture being selectively openable independent
15  of the position of the piston within the cylinder; the method comprising the steps of:
opening the first aperture; and
reciprocating the piston within the cylinder so as to induce flow of gas over the

spark plug thereby to remove water trapped within the spark plug.

20 19. A method of purging a marine propulsion unit as claimed in claim 18 wherein
initial reciprocating of the piston expels water from the propulsion unit through the first

aperture and further reciprocating of the piston induces flow of gas over the spark plug.

20. A method of purging a marine propulsion unit as claimed in claim 18, wherein
25  the unit further comprises an openable second aperture, the method comprising:
opening the second aperture;
reciprocating the piston within the cylinder so as to expel water from the
propulsion unit through the second aperture,
opening the first aperture; and
30 further reciprocating the piston within the cylinder so as to induce flow of gas

over the spark plug thereby to remove water trapped within the spark plug.



opening the first aperture; and 30 further reciprocating the piston within
the cylinder so as to induce flow of gas over the spark PILL" thereby to .
renove water trapped within the spark plug 29 0CT2003 M&C Fz)rgi ﬁd:\]l? ?gﬁg]SGPC
19 21. A ngihodndhuRyEging a marine prepul sion unit as cl aiéred ctebrh 18,
wherein the unit further conprises an openabl e second aperture, the nethod

conpri si ng,, opeping t first and.sec apertures: reciprocati ne
pi ston w %ﬂi n t e%ﬂ‘{]%(?é?gl% afaay per%égfw ngFfaBHf‘f}Pe‘H%mbf%pu §%lgn uni t
through t hige fidif RirthdPEorBSERA dn IPSHILIE S oAd dpdifirdshé Metibduothprsiy: of gas
over the spark plug thereby to renove water trapped wi thin the spark plug.

22. A net hod ofopeeingithe fiishgndisasand Agerprepul si on unit, the nethod conpri sing
the steps of: 10 purging the natine,propulsion unit as defined in any of
cl'aims 16 to 2itoni e o R R S BGE S Pat Ps TRET aPTe pr opl oi on
uni t throyedpulidien 68i€ ﬂﬁsu%ﬂme ifirétla@d séndApBRiiied endEO R HoSh@Reiluv of gas
substantially as -described herein with reference to 15 Figure 1 of the

acconpany e e apdth giug therebaBSTRATTE watraiserred stithimthersppdiPlgst art  System
for a Marine Propulsion Unit. A marine propulsion unit conprises a
cylinder (1), a conbustion chanber (2) extending fromone end of the

conbust i on2chapbgiethod oFReEtariddmadhe propulsiadunit) tidwethodusipiising tkhamber
(2), and a piston (5) nounted for reciprocating novenent within the
cylinder steR§of:A first port (9) is provided in the conbustion chamber (2),

and Ly 1S SChaghLY BlomaBRSNBNlISAhRARREAERRL: il 3P RARE 1 W2 lackthe Pl ston
introducing a starting aid into the marine propulsion unit through the second

aperture.

23. A marine propulsion unit substantially as -described herein with reference 1o

15 Figute 1 of the accompanying drawings.

20



propul sion unit should be inmrersed in water so that the cylinder becones
fl ooded, the «cylinder can be purged by opening the port (9) and noving the
pi ston (5) so as to expel water through the port (9). Once I mater has
been expek}ggh (Lgﬁi novenent of the,,piston causes gasesié gp gder
to pass over %ﬁ pl ug thus renoving trapped water fron1the sp g

pl ug wit hout the need to renove the ug fromthe engine to dry it.
The location of the first port is c‘h%gim(g'fas to maxi m se as far as

possi ble the flow of gas over the spark plug (8), to mnimse the tine
taken to renove trapped water fromthe spark plug. Once the spark plug has
been dried suf ¥ Eassios¢:ImmegsionReastari Sysfam fgr adﬂaa@mPéoeulsmtnﬁgmpr opul si on
unit can be restarted. A second port (10) can also be provided to inprove
dr ai nage of the engine. Figure 1

5

A marine propulsion unit comprises a cylinder (1), a combustion chamber (2) extending
from one end of the combustion chamber, a spark plug (8) provided in the combustion
chamber (2), and a piston (5) mounted for reciprocating movement within the cylinder
(1).

10
A first port (9) is provided in the combustion chamber (2), and this is selectively
openable independent of the position of the piston (5) within the cylinder (1). If the
propulsion unit should be immersed in water so that the cylinder becomes flooded, the
cylinder can be purged by opening the port (9) and moving the piston (5) so as to expel

15  water through the port (9). Once all water has been expelled, further movement of the
piston causes gases in the cylinder to pass over the spark plug thus removing trapped
water from the spark plug without the need to remove the spark plug from the engine to
dryit. The location of the first port is chosen so as to maximise as far as possible the
flow of gas over the spark plug (8), to minimise the time taken to remove trapped water

20  from the spark plug. Once the spark plug has been dried sufficiently to allow ignition to

be achieved, the propulsion unit can be restarted.
A second port (10} can also be provided to improve drainage of the engine.

25  Figure 1



