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METHOD AND APPARATUS FOR SUPPLYING FUEL TO MARINE INTERNAL

COMBUSTION ENGINE

Technical Field
[0001]

The present invention relates to a method and an
apparatus for supplying fuel to a marine internal

combustion engine.

Background Art
[0002]

In general, for a marine internal combustion engine,
fuel stored in a fuel tank is pumped by a fuel pump and is
supplied through fuel injection valves into respective
cylinders of the engine.

[0003]

General technical level on supply of fuel to a marine
internal combustion engine is disclosed, for example, in
Patent Literature 1.

[Patent Literature 1] JP 2004-308528A

Summary of Invention

Technical Problems



However, fuel contains hard particles of ceramic such as alumna and silica
used as reformng catalysts for the fuel, so that evacuation of the fuel
reduced in stored quantity in a fuel tagﬁ t hrough a bottom of the tank al so
bri ngs about evacuation of high concentration of hard particles deposited
on the bottomof the tank together wth the fuel. The evacuated hard
particles, which cannot be conpletely renoved by a fuel purifier or filter,
enter in Lgég guantity into the engine, disadvantageously resulting in
scuffing o i st on ring against a cylinder |liner. [0005] The invention
was made in view of the above and has its object to provide a nethod and an
apparatus for Bapprgirng furel ¢onhamisi Ma it hbl Cé6b@st i T @RgEn8UCkhi ch
can prevent hard particles fromentering in large quantity into the engine
and can praveafusculf iargl ofi dicpi sisenl rangrafjarnshga catld hget sl fner the
Solution to Problens [0006] The invention is directed to a nethod for

supplying rhuel @ amml idgatnhensal onbust Fealergidie-aherei srbheq fuel
stored in a fuel tank is evacuated through a bottome 3
quantity in a fuel tank through a bottom of the tank also
brings about evacuation of high concentration of hard
particles deposited on the bottom of the tank together
with the fuel. The evacuated hard particles, which cannot
be completely removed by a fuel purifier or filter, enter
in large quantity into the engine, disadvantageously
resulting in scuffing of a piston ring against a cylinder
liner.
[0005]

The invention was made in view of the above and has
its object to provide a method and an apparatus for
supplying fuel to a marine internal combustion engine
which can prevent hard particles from entering in large
quantity into the engine and can prevent scuffing of a

piston ring against a cylinder liner.

Solution to Problems
[0006]

The invention is directed to a method for supplying
fuel to a marine internal combustion engine wherein the

fuel stored in a fuel tank is evacuated through a bottom



of the tank, is punped by a fuel punp and is supplied via fuel injection
val ves into respective cylinders of the engine, which conprises providing a
plurality of fuel tanks adapted for evacuation of the fuel therefrom
mxing the fuel evacuated fromthe fuel %ank under evacuation and fuel of
said other fuel tank together when a fuel level of said fuel tank under
evacuation is reduced bel ow a preset value, and supplying the m xed fuel
with a lowered concentration of hard particles into the respective
cylinders of the t@AdimetsS [BBORFY Wt I tiHeS AbBYBPC ARt rikt FBRPLERE fid nay
be evacuated fromthe fuel tanks; when the fuel level of the fuel tank
under evacfraeloanjsatddutedabebowitiie preseectygleusytined¢ nel oévabwat ed from
said fuel tank under evacuation and with the fuel |evel reduced bel ow t he
preset valeegisem xed dlogetheriwetsh the fuel of said other fuel tank; and
the m xed fuel with the lowered concentration of hard particles is supplied

into the respegtibvedayld ndessuphi1the @0inee1[ 0908k Amxd@sebt, hard
particles are prevented from entering in large quantity into the engine and
scuffing of,,8,RiSteN 4 NGh 298RSt YRR hii%8hd SRk eygoyed.

evacuated from the fuel tank under evacuation and fuel of

said other fuel tank together when a fuel level of said

fuel tank under evacuation is reduced below a preset value,

and supplying the mixed fuel with a lowered concentration

of hard particles into the respective cylinders of the

engine.

[0007]

With the above construction, the fuel may be
evacuated from the fuel tanks; when the fuel level of the
fuel tank under evacuation is reduced below the preset
value, the fuel evacuated from said fuel tank under
evacuation and with the fuel level reduced below the
preset value is mixed together with the fuel of said other
fuel tank; and the mixed fuel with the lowered
concentration of hard particles is supplied into the
respective cylinders of the engine.

[0008]

As a result, hard particles are prevented from

entering in large quantity into the engine and scuffing of

a piston ring against a cylinder liner is prevented.



4 [0009]
fuel tank

bott om of

alternatively, fuel may be evacuated alternately at a predeterm ned tinme

i nterval
val ue and
t oget her i

In the above supply nethod, while the fuel evacuated fromthe

with the fuel |evel reduced below the preset value is guided to
an upper portion of said other fuel tank, fuel may be evacuated from a

the other fuel tank. [0010] 1% the above supply met hod,

fromthe fuel tank with the fuel |evel reduced bel ow the preset

Légggiaid ot her fuel tank, the evacuated fuel being m xed
ttling tank arranged downstream [0011] In the above

supply method, alternatively, fuel may be evacuated concurrently fromsaid
fuel tank with tRethpudlPqes et UPRHYCEG B bw thelpr éd6t Mg uecBREURESH sai d

ot her fuel

tank. [0012] In the above supply nethod, alternatively, fuel

may

be evacuat gdofir oimea fhotlt onank waitéh dtheerfdeel leagk afadrced heefloel téneacuat ed

fromthe fuel tank with the fuel |level reduced below the preset value is

guided to

phebpperralpm ti ®ngaf dsai & otheruppelr parkion of said other
fuel tank, fuel may be evacuated from a bottom of the
other fuel tank.

[0010]

In the above supply method, alternatively, fuel may
be evacuated alternately at a predetermined time interval
from the fuel tank with the fuel level reduced below the
preset value and from said other fuel tank, the evacuated
fuel being mixed together in a settling tank arranged
downstream.

[0011]

In the above supply method, alternatively, fuel may
be evacuated concurrently from said fuel tank with the
fuel level reduced below the preset value and from said
other fuel tank.

[0012]

In the above supply method, alternatively, fuel may
be evacuated from a bottom of said other fuel tank after
the fuel evacuated from the fuel tank with the fuel level
reduced below the preset value 1is guided to an upper
portion of said other fuel tank.

[0013]



[0013] 5 The invention is further directed to an apparatus for supplying
fuel to a marine internal conmbustion engine wherein the fuel stored in a
fuel tank is evacuated through a bottom of the tank, is punped by a fuel
punp and is supplied via fuel injectionfbalves into respective cylinders
of the engine, which conprises a plurality of fuel tanks, a fuel supply line
with fl ow passage swi tchover neans sw tchable for fuel evacuation fromsaid

respective fuel . tanks, | evel detectors for, detecting fuel |evels of said
fuel tanks, rosPaEt FPTISPCLHY 55 cOAEEOIRTer 1T baEpLt Ay 2RI ERBYEr Torgnal s
to the flow passage swi tchover nmeans in said fuel supply line such that,
upon evacu2tPBAY&N St He!Fhiel O f R oRPaR Sof 1 1slas BN af uSlPT A @ de B R €a
detection signal fromthe corresponding |evel detector reveals that the
fuel |evelwhefesai dfauefuebnktameer ievacuatédbnthskr educedabehbrda preset

val ue, the fuel evacuated fromsaid fuel tank with the fuel |evel reduced
bel ow t he presaghval s titsomi ¥€dt heogetrher et pufpeld ofy sai fluet hetirpuelnd ank,

the m xed fuel wth a |owered concentration of hard particles being
supplied iptostpeiriespesti veuey! 1RASS AfntHE168G N8 to respective
cylinders of the engine, which comprises

a plurality of fuel tanks,

a fuel supply line with flow passage switchover means
switchable for fuel evacuation from said respective fuel
tanks,

level detectors for detecting fuel levels of said
fuel tanks, respectively, and

a controller for outputting switchover signals to the
flow passage switchover means in said fuel supply line
such that, upon evacuation of the fuel from any of said
fuel tanks and when a detection signal from the
corresponding level detector reveals that the fuel level
of said fuel tank under evacuation is reduced below a
preset value, the fuel evacuated from said fuel tank with
the fuel level reduced below the preset value is mixed
together with fuel of said other fuel tank, the mixed fuel
with a lowered concentration of hard particles being
supplied into the respective cylinders of the engine.

[0014]

In the above apparatus, the fuel is evacuated from



[0014] In the above apparatus, the fuel is evacuated from6 any of the fuel
tanks via the fuel supply line, the fuel |level of the fuel tank under
evacuation being detected by the corresponding |evel detector; when the
detection signal fromthe |evel detecto® reveal s that the fuel level of
the fuel tank under evacuation is reduced bel ow the preset val ue,

swi tchover signals are outputted fromthe <controller to the flow passage

swi tchover_peans in t fuel supply line so that the fuel evacuated from
The Tuel - TRRKOR (RS 9 ier =P BY o Hrechitoo Bot odPd Sor et vAF el i xed
together with fuel of said other fuel tank, the mxed fuel with a | owered
concent r at} ®hebf Chard Gari¢ 1 B3N kpeindly 5 uppt Featiinto ke ¢ edpbeeites by
cylinders of the engine. [0015] As a result, hard particles are prevented
from entethagcomresmynapant I eyeilntde tshet @ngi nbeand hecuddiagtobn a pi ston
ring against a cylinder liner is prevented. [0016] In the above supply
appar at us, ss@hd1f delorsuapd y1 &ir8e demye conprtsecan sevaciattion Fuse flervel

connecting bottons of said respective fuel tanks with the fuel punp and a
bypass |ingrbggached if rom saidqgvacuatd o {bReik0reduced below the

preset value, switchover signals are outputted from the
controller to the flow passage switchover means in the
fuel supply line so that the fuel evacuated from the fuel
tank with the fuel level reduced below the preset value is
mixed together with fuel of said other fuel tank, the
mixed fuel with a lowered concentration of hard particles
being supplied into the respective cylinders of the engine.
[0015]

As a result, hard particles are prevented from
entering in large quantity into the engine and scuffing of
a piston ring against a cylinder liner is prevented.
[0016]

In the above supply apparatus, said fuel supply line
may comprise

an evacuation line for connecting bottoms of said
respective fuel tanks with the fuel pump and

a bypass line branched from said evacuation line for
guiding the fuel evacuated from said fuel tank with the

fuel level reduced below the preset value to an upper

portion of said other fuel tank, and



gui di hg the fuel evacuated fromsaid fuel tank with the fuel |evel reduced
bel ow t he preset value to an upper portion of said other fuel tank, and 7
said flow passage swi tchover neans may conprise a three-way valve at a
juncture between said evacuation |ine and said bypass |line and swtchable
for guidance of the fuel of said fuel tank with the fuel |evel reduced
bel ow t he preset value fromthe evacuation line to the bypass |line, an
auxiliary punp sacar gaat gthd $a §ai dwbyRass:d t Nee ahior mPURIdg £ Ds&he upper
portion of said other fuel tank the fuel guided not to the evacuation |ine

but to the bypgsﬁhlriegev;awqy@bvéwﬂaftc%o§e{n@€u§@i Helhieger vayi yal ve, a
swi tchover-for-m xi ng val ve incorporated in the bypass |ine downstream of

sai d auxi | g1y 0uthand . sviLehable for, aul dange of he, fueh gh .said f uel

tank with uel 1 evel "reduce e preset value to sai ot'her fue
tank and an evacuation val ve incorporated in the evacuation Lin onnect ed
to the bot¥Bnf8ACENE LfelT‘etgHﬁTaﬁl;ngset Epgdl CeRRK Y Firibnk Whi éHeﬁhgerL?ell is

finally evacuated and opened when the fuel is finally evacuated fromsaid
f uel tankrepgggw]below the preset value from the evacuation line to

the bypass line,

an auxiliary pump incorporated in said bypass line
for pumping to the upper portion of said other fuel tank
the fuel guided not to the evacuation line but to the
bypass line through switchover of said three-way valve,

a switchover-for-mixing valve incorporated in the
bypass line downstream of said auxiliary pump and
switchable for guidance of the fuel of said fuel tank with
the fuel level reduced below the preset value to said
other fuel tank and

an evacuation valve incorporated in the evacuation
line connected to the bottom of the fuel tank among the
fuel tanks from which the fuel is finally evacuated and
opened when the fuel is finally evacuated from said fuel
tank.

[0017]

In the above supply apparatus, alternatively, said
fuel supply line may comprise an evacuation line for
connecting bottoms of said respective fuel tanks with the

fuel pump, and



fn the above supply apparatus, alternatively, said fuel supply |ine may
conprise an evacuation line for connecting bottons of said respective fuel
tanks with the fuel punp, and 8 said fgpM/passage swi t chover neans may
conpri se an evacuation valve incorporated in the evacuation |ine connected
to the bottons of said respective fuel tanks and controlled to be

sel ectively opened and cl osed such that the fuel is evacuated alternately

at a predeterm ggddt ifMew ighesygé Evamcsaiek f ugbahankaw tdbripe: Egehnl evel
reduced below the preset value and fromsaid other fuel tank, said

evacuat ed é%r'%ﬁaleei'o'?lg vEXed 1 Raethe it §r‘?tEhb”%vta%11<atP6£a@?ﬁ%

downstream [0018] In the above supply apparatus, alternative said fuel

suppl y !ln nn% gﬁkrlsqgﬁntﬁé%ggﬁéio%.llne Logapgc%nectlpgeg toms ofc§ald

respectlve punp OW pass BiSt SfsVer
means may go ri 6%% evacuation val ve incorporated in th evacuatlon l'ine
Bh

connect ed difs F S&i8CresFeot i YRRl afEhiEl afeC EBAPr &Mdd to be

sel ectively opened and cl osed such that the fuels are evacuated
concurrentthef fomlsdisd §uefuahak awittdrnalec fvebtl evalredeiuesdibeldow it
preset val ue and

interval from said fuel tank with the fuel level reduced

below the preset value and from said other fuel tank, said
evacuated fuels being mixed together in a settling tank
arranged downstream.

[0018]

In the above supply apparatus, alternatively, said
fuel supply line may comprise an evacuation line for
connecting bottoms of said respective fuel tanks with the
fuel pump and

said flow passage switchover means may comprise an
evacuation valve incorporated in the evacuation line
connected to the bottoms of said respective fuel tanks and
controlled to be selectively opened and closed such that
the fuels are evacuated concurrently from said fuel tank
with the fuel level reduced below the preset value and
from said other fuel tank.

[0019)]

In the above supply apparatus, alternatively, said

fuel supply line may comprise

an evacuation line for connecting bottoms of said



firom said other fuel tank. [0019] In the above supply apparatus,
alternatively, said fuel supply line may conprise an evacuation |line for
connecting bottons of said 9 respective fuel tanks with the fuel punp and a
bypass |ine branched from said evacuati o line downstream of the fuel punp
for guiding the fuel of said fuel tank with the fuel |evel reduced bel ow
the preset value to an upper portion of said other fuel tank, and said flow

passage switchover, means conpprises .an evacuati on _valve incorporated in the
evacuat i ont “PPRE &5?%325%5 ggn%ﬁew %Fi&ﬂ%eo ugiiguﬂgéﬁgg$ive fuel tanks and
controlled to be selectively opened and closed _such that the fuel is
evacuat ed from 8aPdPétter: ¥ifel L aRkNess tieron hed i tef Vies Ve faictrat €41 €r om sai d
fuel tank with the fuel |evel reduced bel ow the preset value, a three-way
val ve at adpunetuearbetiveehe saidl ewaruat$onghiine nand sai tudypads slaiide and
swi tchabl e for guidance of the fuel of said fuel tank with the fuel |eve

reduced befowlt henk esieth vahge fiedmltdies evacdatiean dd Inew t bhet peekypass | i ne
and a switchover-for-m xing valve incorporated in the bypass |ine

downst ream,; gf yeaicd th agspaY ¥ak¥8 ANhf said other fuel tank, and

said flow passage switchover means comprises

an evacuation valve incorporated in the evacuation
line connected to the bottoms of said respective fuel
tanks and controlled to be selectively opened and closed
such that the fuel is evacuated from said other fuel tank
after the fuel is evacuated from said fuel tank with the
fuel level reduced below the preset value,

a three-way valve at a juncture between said
evacuation line and said bypass line and switchable for
guidance of the fuel of said fuel tank with the fuel level
reduced below the preset value from the evacuation line to
the bypass line and

a switchover-for-mixing valve incorporated in the
bypass line downstream of said three-way valve and
switchable such that after the fuel of said fuel tank with
the fuel level reduced below the preset value is guided to
an upper portion of said other fuel tank, the fuel
evacuated through the bottom of said other fuel tank 1is

guided to the upper portion of the same fuel tank.



sw tchabl e such that after the fuel of said fuel tank with the fuel |eve
reduced below the preset value is guided to an upper portion of said other
fuel tank, the fuel evacuated through the bottom of said other fuel tank is
gui ded to the upper portion of the sane ﬂ&el tank. 10 Advantageous Effects
of Invention [0020] A nethod and an apparatus for supplying fuel to a

mari ne internal conbustion engine according to the invention have excell ent

effects a advgntaggs %@ﬁé hﬁrd pirticles can be prevented fromentering
in |arge UARENFFISHS eGhgi A& Ry Etut?Tng of a piston ring against a
cylinder liner can be prevented. Brief Description of Drawings [0021] Fig.
1 is an ove?@FPlschematic diagram showing a first enbodi nent of the
invention; Fig. 2 is an overall schematic diagram showing a second
enbodi nent of thememvent icord amdappgraluss fanr ovepallly ischemmt 1 ctdi agr am
showing a third enbodi rent of the invention. Reference Signs List [0022] 1
fuel tank marine internal combustion engine according to the
invention have excellent effects and advantages that hard
particles can be prevented from entering in large quantity

into the engine and scuffing of a piston ring against a

cylinder liner can be prevented.

Brief Description of Drawings
[0021]

Fig. 1 is an overall schematic diagram showing a
first embodiment of the invention;

Fig. 2 is an overall schematic diagram showing a
second embodiment of the invention; and

Fig. 3 is an overall schematic diagram showing a

third embodiment of the invention.

Reference Signs List

[(0022]

1 fuel tank

2 fuel tank

3 fuel tank

4 flow passage switchover means

4a switchover signal



2 fuel tank 3 fuel tank 4 flow passage sw tchover neans 4a sw tchover
signal 11 5 fuel supply Iine 6 | evel detector 6a detection signal 7 |evel
detector 7a detection signal 9 conproligr 10 e?gine 11 cylipder 12 fuel
punp 13 evacuation line 14 bypass |ine t hree-way valve 15' evacuation
val ve 15a switchover signal 16 three-way valve 16' evacuation valve 16a
swi tchover signal 17 evacuation valve 17a switchover signal 18 auxiliary
punp 5 fuel supply line

6 level detector

6a detection signal

7 level detector

Ta detection signal

9 controller

10 engine

11 cylinder

12 fuel pump

13 evacuation line

14 bypass line

15 three-way valve

15" evacuation valve

15a switchover signal

16 three-way valve

16" evacuation valve

loa switchover signal

17 evacuation valve

17a switchover signal

18 auxiliary pump

18a switchover signal

19 switchover-for-mixing valve

19a switchover signal

20 switchover-for-mixing valve

20a switchover signal



18a swi tchover signal 19 sw tchover-for-m xing valve 19a sw tchover signal
20 switchover-for-m xing valve 20a switchover signal 12 21 settling tank
22 supply punp 23 fuel injection valve i4 t hree-way val ve Description of
Enbodi ments [0023] Enbodi ments of the i Yention will be described in
conjunction with attached drawi ngs. [0024] Fig. 1 shows a first enbodi nent
of the invention in which a plurality of (three in Fig. 1) fuel tanks 1, 2
and 3 fil:égd vvithcf#el are_installed, bottons of the respective fuel tanks
1, 2 and ei ng Conhed?ed3tE a fuel supply line 5 with flow passage
swi tchover _neans 4 so as to make sequential evacuation possible. The fuel
tank 1, 2%and FURRL¥gBFPBed with | evel detectors 6, 7 and 8 for detection
of fuel levels, respectively. On the basis of the detection signals 6a, 7a
and 8a fro?Bt he Jus/kel indlerédtoor v, vg and 8, the controller 9 outputs
Swi t chover

24 three-way valve

Description of Embodiments
[0023]

Embodiments of the invention will be described in
conjunction with attached drawings.
[0024]

Fig. 1 shows a first embodiment of the invention in
which a plurality of (three in Fig. 1) fuel tanks 1, 2 and
3 filled with fuel are installed, bottoms of the
respective fuel tanks 1, 2 and 3 being connected to a fuel
supply line 5 with flow passage switchover means 4 so as
to make sequential evacuation possible. The fuel tank 1,
2 and 3 are equipped with level detectors 6, 7 and 8 for
detection of fuel levels, respectively. On the basis of
the detection signals 6a, 7a and 8a from the level
detectors 6, 7 and 8, the controller 9 outputs switchover
signals 4a to the flow passage switchover means 4 in the
fuel supply line 5 to sequentially evacuate the fuel from
the respective fuel tanks 1, 2 and 3. When the detection
signal 6a (or 7a) from the level detector 6 (or 7) reveals

that the fuel level of the fuel tank 1 (or 2) under



Signals 4a to the flow passage swi tchover nmeans 4 in the fuel supply line 5
to sequentially evacuate the fuel from the respective fuel tanks 1, 2 and
3. Wien the detection signal 6a (or 7a){gromthe |evel detector 6 (or 7)
reveals that the fuel level of the fuel tank 1 (or 2) under 13 evacuation
i s decreased bel ow a preset val ue, evacuation of fuel fromthe next fuel
tank 2 (or 3) is started. Thus, the evacuated fuel fromthe fuel tank 1 (or
2) with thevatuekibevels reducedsbel ewitdie presetevtalia us, atvheast idnxed
with fuel of the next fuel tank 2 (or 3), so that the mxed fuel with a

reduced coggent,eat ifon,pf ¢ har %e&arﬁd&i ega6&n e supphied MO {bg respgetive
cylinders of the engine 10. [0025] In the enbodlnent t he fuel supply i ne

5 conprises, . % %ﬁ%ﬁ&ioguéin%§%§hwﬂ|0h &Q?n§gki the gﬁpa bypassq ine 14

respective and punp
which is bran h?d fromthe evacuation line 13 so s to ui de_t he fuel of
the fuel taRkI11EgE2)reWitRAt RElPYelthevRI € FBEUY thelpréfet val ue
to an upper portion of the next fuel tank 2 (or 3). &0026} Fl ow passage
smntchovermhﬁaﬁsW4tébﬂ%¥$%e@fathﬁré@ﬂﬂhyfu@hlVéﬁ$52XO<DQG§ at sa jtimedt ure
bet ween the evacuation |ine

the mixed fuel with a reduced concentration of hard

particles can be supplied into the respective cylinders of
the engine 10.
(0025]

In the embodiment, the fuel supply line 5 comprises
an evacuation line 13 which connects the bottoms of the
respective fuel tanks 1, 2 and 3 with a fuel pump 12, and
a bypass line 14 which is branched from the evacuation
line 13 so as to guide the fuel of the fuel tank 1 (or 2)
with the fuel level reduced below the preset value to an
upper portion of the next fuel tank 2 (or 3).

[0026]

Flow passage switchover means 4 comprises a three-way
valve 15 (or 16) at a juncture between the evacuation line
13 and the bypass line 14 and switchable for guidance of
the fuel of the fuel tank 1 (or 2) with the fuel level
reduced below the preset value from the evacuation line 13
to the bypass line 14, an auxiliary pump 18 incorporated
in the bypass line 14 which pumps to the upper portion of

the next fuel tank 1, 2 or 3 the fuel guided from the



13 and the bypass line 14 and sw tchable for guidance of the fuel of the
fuel tank 1 (or 2) wth the fuel level reduced below the preset value from
the evacuation line 13 to the bypass Ilns 14, an auxiliary punp 18
incorporated in the bypass line 14 whi ch punps to the upper portion of the
next fuel tank 1, 2 or 3 the fuel guided fromthe 14 evacuation line 13 to
the bypass |ine 14 by neans of switchover by the three-way valve 15 (or

16), a sw tchover-for.-m xi al 20_i ncor por. din the ypass |ine
T2 downst 1ELAEOF CERE Dt | aPy Bl S e & ohaPEndi &% dPethf dBnee & o the
next fuel tank 2 (or 3) the fuel of the fuel tank 1 (or 2) wth the fuel

| evel redut@dtCcheNGE ﬁﬁé'%?%SEFr@&r&@”ﬁﬁﬂa%ﬁeeéécdéﬂi&ﬂSMal@e 17
incorporated in the evacuation |ine 13 connected to a bottom of the | ast
fuel tank Swithsowsinrdo oneninikfggval)ve ahbngZ2Phe nfageipamnksdlin2taed 3 from
which the fuel is finally evacuated, said evacuation valve 17 bei ng opened

when the fogpaks fliimal |4 edaenatee ot o thieef Hak itldnk B3.puhPO02E] ahle
swi t chover signal 4a has a switchover signal 15a for sw tchover of the

three-way yghvenkpled fW t&hoMeh ceSitdNalnd 6acker it choyer 2 of othet Rrge- way
valve 16, a sw tchover signal 17a for selective opening and cI05|ng of the

evacuationgyahve el ¢, & syLtchoyer 1S1 ANl 188 1QM the fuel level reduced

below the preset value and an evacuation valve 17
incorporated in the evacuation line 13 connected to a
bottom of the last fuel tank 3 (the third one in Fig. 1)
among the fuel tanks 1, 2 and 3 from which the fuel is
finally evacuated, said evacuation valve 17 being opened
when the fuel is finally evacuated from the fuel tank 3.
[0027]

The switchover signal 4a has a switchover signal 15a
for switchover of the three-way valve 15, a switchover
signal 16a for switchover of the three-way valve 16, a
switchover signal 17a for selective opening and closing of
the evacuation valve 17, a switchover signal 18a for
selective on and off of the auxiliary pump 18, a
switchover signal 19%9a for selective opening and closing of
the switchover-for-mixing valve 19 and a switchover signal
20a for selective opening and closing of the switchover-
for-mixing valve 20.

[0028]

In Fig. 1, reference numeral 21 dencotes a settling



Selective on and off of the auxiliary punp 18, a sw tchover signal 19a for
sel ective opening and closing of the switchover-for-m xing valve 19 and a
swi tchover signal 20a for selective opepgng and closing of the swtchover-
for-mxing valve 20. [0028] 1In Fig. 1, reference nuneral 21 denotes a
settling 15 tank incorporated in the evacuation [ine 13 downstreamof the
fuel punp 12; 22, a supply punp for punping of the fuel in the settling

tank 21; anghR3intwelpdriesdi oA twal wsmdwitiphegtiingn 10f dhenkvekpugred by
the supply punp 22 into cylinders 11 of the engine 10. [0029] Since fuel

cannot be {20l elesheddd {he sanks i ilemgmgn%& Who fhg obel cgapaci Ly of

the fuel tan d Is to suffi over ne navi gation
di stance, fuel being replenjshed to,t tank for fuel |evel of the
fuel “tank £k o epe SR ETLERSLrRY BT ed Sy o TRttt bt S0Fa pr eser
val ue. [OOSOL Next, node of operation of the above enbodi nent will be
di scl osed. V§#688%] Lot tthee ehbBai Réntt P anthg! t REMPEG &Y iUz BHARS Y1 pwnp

22 into cylinders 11 of the engine 10.
[0029]

Since fuel cannot be replenished to the tanks in a
ship under way, a total capacity of the fuel tanks 1, 2
and 3 is to sufficiently cover one marine navigation
distance, fuel being replenished to the tanks before a
fuel level of the fuel tank from which fuel is finally
evacuated 1is reduced below a preset value.

[0030]

Next, mode of operation of the above embodiment will
be disclosed.
[0031]

In the embodiment, among the plural fuel tanks 1, 2
and 3 filled with fuel, first the fuel is evacuated from
the fuel tank 1 via the evacuation line 13 in the fuel
supply line 5 and is pumped by the fuel pump 12 into the
settling tank 21, the fuel temporarily stored in the
settling tank 21 being pumped by the supply pump 22 to the
fuel injection valves 23 through which the fuel is
injected into the respective cylinders 11 of the engine 10.

[0032]



and 3 filled with fuel, first the fuel is evacuated from the fuel tank 1
via the evacuation line 13 in the fuel supply line 5 and is punped by the
fuel punp 12 into the settling tank 21,1§he fuel tenporarily stored in the
settling tank 21 being punped by the supply punp 22 to the fuel injection
val ves 23 through which the fuel is injected into the respective cylinders
11 of the engine 10. [0032] 16 1In this case, the three-way valve 15 is

switched to thergvaeuaticnsd | nend3chy elche sy s £hoxen ssisgnadw ldan Ehory t he
controller 9, the three-way valve 16 being closed by the swtchover signal

16a fromt C ller..9, v [ on I 4 o] e
smﬁtchoverpg?g%g%%%f%gi¥?o%%$ﬁel?o%ﬁfg%rgrS%?£¥ﬁg%§&§%Fi r§ip§§g ?éo%ging

swi tched off by the i tchover, signal 18a fromthe ntroller 9, the
EondEog W ver 16N Belhid e LT R BY VEhd Sl T ERBVEr O8EGhAY 10a

swi t chover S Sr SRS

fromthe controller 19, the switchover-for-mxing valve 20 being cl osed by
the switchbfef"ditghaVeDas:eomit RO dnie®l FRe gonfta3sier The £0&1 1evel in
the fuel tank 1 is detected by the |evel detector 6. Wen the detection
si gnal 6a ¢vemugheor el velet écberl ng revestd bliathchesWidethdwesl sdfanehe f uel
tank 1 under evacuation is reduced bel ow a preset val ue as

17a from the controller 9, the auxiliary pump 18 being

switched off by the switchover signal 18a from the
controller 9, the switchover-for-mixing valve 19 being
closed by the switchover signal 1%9a from the controller 19,
the switchover-for-mixing valve 20 being closed by the
switchover signal 20a from the controller 9.

[0033]

The fuel level in the fuel tank 1 is detected by the
level detector 6. When the detection signal 6a from the
level detector 6 reveals that the fuel level of the fuel
tank 1 under evacuation is reduced below a preset value as
shown by imaginary line in Fig. 1, the three-way valve 15
is switched from the evacuation line 13 to the bypass line
14 by the switchover signal 15a from the controller 9, the
three-way valve 16 being switched to the evacuation line
13 by the switchover signal 16a from the controller 9, the
auxiliary pump 18 being switched on by the switchover
signal 18a from the controller 9, the switchover-for-
mixing valve 19 being opened by the switchover signal 19a

from the controller 9. Thus, while fuel evacuation from



shown. by imaginary line in Fig. 1, the three-way valve 15 is switched from
the evacuation line 13 to the bypass line 14 by the sw tchover signal 15a
fromthe controller 9, the three-way valye 16 being switched to the
evacuation line 13 by the sw tchover sié%al 16a fromthe controller 9, the
auxiliary punp 18 being switched on by the switchover signal 18a fromthe
controller 9, the switchover-for- m xing valve 19 bei ng opened by the

swi t chover,_signal .1 fromth antroll er 9. Thus, ,whil uel evacuyatj on
from 17 t%}ée nBXE Cf %{éﬁle]’[ atn%n% ?o%tohé:heevaec\ﬁ%ﬂl%lpinnellﬂe |els§ star F\eéﬁ,r%et e
fuel evacuated fr3n1the fuel tank 1 with the fuel _|evel reduced bel ow the

preset val tRei §UFdmSed WP todt RECThy s L 1§ het2AKpy ACtTuntto% SFethe
auxiliary funp 18 switched on and is guided to the upper portion of the
next fuelledfk Ze@ugahe dperiet hewnigfRtervadpenibs mymgYeurotoands s

m xed together with fuel stored in the next fuel tank 2; then, the fuel in
the fuel tlapka2swidme hat doyparctieltesoraref nohedeposiltiedry nphimgh18
concentration at the bottomis supplied into the respective cylinders 11 of

the engingwibcuied the el i pugpibiza &Qit’ililélgubﬁ@k: Portsuppl ¥ PURP n2and
fuel injection valves 23. [0034] As a result, hard particles are prevented

from entegjpg knpharge quaphLt %ol thes £08506 r1¢ And, seuffipdive 19
and 1s mixed together with fuel stored in the next fuel
tank 2; then, the fuel in the fuel tank 2 where hard
particles are not deposited in high concentration at the
bottom is supplied into the respective cylinders 11 of the
engine 10 via the fuel pump 12, settling tank 21, supply
pump 22 and fuel injection valves 23.

[0034]

As a result, hard particles are prevented from
entering in large quantity into the engine 10 and scuffing
of a piston ring against a cylinder liner is prevented.
[0035]

When the fuel tank 1 is fully evacuated, the three-
way valve 15 1is closed by the switchover signal 15a from
the controller 9, the auxiliary pump 18 being switched off
by the switchover signal 18a from the controller 9, the
switchover-for-mixing valve 19 being closed by the
switchover signal 19a from the controller 9, evacuation of
the fuel from the bottom of the fuel tank 2 being

continued.



of a piston ring against a cylinder liner is prevented. [0035] Wen the
fuel tank 1 is fully evacuated, the three- may valve 15 is cl osed by the
swi t chover signal 15a from t he controllgg , the auxiliary punp 18 being
switched off by the sw tchover signal fromthe controller 9, the

swi tchover-for-mxing valve 19 being closed by the sw tchover signal 19a
fromthe controller 9, evacuation of the fuel fromthe bottom of the fuel
tank 2 beiggO %?ntinued. 18 [0036] Then, the fuel level of the fuel tank 2
is detecte 8 the | evel detector 7 V%en t he detection signal 7a fromthe
| evel detector reveal s that_ the f Ievel the fuel tank 2 under
evacuation is r@Bﬁ@edqﬂﬁcgb?he eBF séi JﬁVﬁeguFﬂetﬁﬂﬁbéZWH§ JaFgeted is
switched fromthe -evacuation line 13 to the bypass line 14 by the

swi t choverbyst§gall emsal faoheERe recdnt r hegy Hhe t etegidwat ivronvalvéal7? being
opened by the swi tchover signal 17a fromthe controller 9, the auxiliary
punp 18 bef ngmswhiecHetlreoh dagaicnchy 1 heevab i shovert silgnatudBalervem tdfe
controller 9, the switchover-for-m xing valve 20 bei ng opened by the

swi t chover t fbgfale 1208 k oM tRgecORIVIl££1 8n TRUSTeaMUd@ peYBGUaticon of the

fuel fromthe next fuel tank 3 to the
preset value, the three-way valve 16 is switched from the
evacuation line 13 to the bypass line 14 by the switchover
signal 16a from the controller 9, the evacuation valve 17
being opened by the switchover signal 17a from the
controller 9, the auxiliary pump 18 being switched on
again by the switchover signal 18a from the controller 9,
the switchover-for-mixing valve 20 being opened by the
switchover signal 20a from the controller 9. Thus, while
evacuation of the fuel from the next fuel tank 3 to the
evacuation line 13 1s started, the fuel evacuated from the
fuel tank 2 with the fuel level reduced below the preset
value is pumped up to the bypass line 14 by the actuation
of the auxiliary pump 18 switched on and is guided to the
upper portion of the next fuel tank 3 via the opened
switchover-for-mixing valve 20 and is mixed with fuel
stored in the next fuel tank 2, the fuel in the fuel tank
3 where no high concentration of hard particles are
deposited at a bottom is supplied to the respective

cylinders 11 of the engine 10 via the fuel pump 12,

settling tank 21, supply pump 22 and fuel injection valves



evacuation line 13 is started, the fuel evacuated fromthe fuel tank 2 with
the fuel |evel reduced bel ow the preset value is punped up to the bypass
line 14 by the actuation of the auxiliar % punp 18 switched on and is guided
to the upper portion of the next fuel thk 3 via the opened

swi tchover-for-mxing valve 20 and is nlxed with fuel stored in the next
fuel tank 2, the fuel in the fuel tank 3 where no high concentration of
hard parti re_ depo |t botton1 S, Sup d to the respective

harg partighes ates éﬁauﬁ T ER pe rleif Snpt 39t sbR A mg tahkha1d
supply punp 22 and fuel injection valves 19 23 As a result, there is no
fear aboutPahtéfiif§ &miﬁﬁﬂgeng?ﬂﬂ%ﬁy|%P?%rééeq@%ﬂ%%% tht8"ehe engine 10
and resultant scuffing of a piston ring against a cylinder [liner. [0037]
Bef ore t heréaell thenelsoff fhegf aél at anlks 1 rvamehieglr intde 4 uelliisdkimal |y
evacuated is reduced below the preset value, the fuel is replenished to the
tanks and 1heeroperations as nentioned in the above are repeated. [0038]
Thus, the hard particles can be prevented from entering in |large quantity

into the engpnej10 and the piston ring can be prevented fromscuffing to
the cylinder

Before the fuel level of the fuel tank 3 from which
the fuel is finally evacuated is reduced below the preset
value, the fuel is replenished to the tanks and the
operations as mentioned in the above are repeated.

[0038]

Thus, the hard particles can be prevented from
entering in large quantity into the engine 10 and the
piston ring can be prevented from scuffing to the cylinder
liner.

[0039]

Fig. 2 shows a second embodiment of the invention in
which parts similar to those shown in Fig. 1 are
represented by the same reference numerals and whose
fundamental structure is similar to that shown in Fig. 1.
The embodiment is characteristic in that, as shown in Fig.
2, the fuel supply line 5 comprises an evacuation line 13
connecting bottoms of the respective fuel tanks 1, 2 and 3
with the fuel pump 12, the flow passage switchover means 4
comprising evacuation valves 15', 16' and 17 incorporated

in the evacuation line 13 connected to bottoms of the



liner. [0039] Fig. 2 shows a second enbodi nent of the invention in which
parts simlar to those shown in Fig. 1 are represented by the sane

ref erence nuneral s and whose fundanentaé structure is simlar to that shown
in Fig. 1. The enbodinent is characteri Qic in that, as showmn in Fig. 2,
the fuel supply line 5 conprises an evacuation line 13 connecting bottons
of the respective fuel tanks 1, 2 and 3 wth the fuel punp 12, the flow

passage switchover, means 4 _conpri.si evacuyation val ves 15', 16' and 17
ncor por at BESPRRLEHE GULtLat FBAS ine 24 Contectld 7 A5HE oheN of SLHE 20
respective fuel tanks 1, 2 and 3, the evacuation valves 15, 16' and 17

bei ng conttalted® o B skl Beivgl §oddeiredl € @nlOclbés &f It hee s¥i PO\t
signals 15a', 16a' and 17a based on the detection signals 6a, 7a and 8a
fromthe &erdelldstesttiorstite Fwandh®vethesiark liseilhg 'evakttat edndallt/er nat el y
at a constant time interval fromthe fuel tank 1 (or 2) with the fuel |eve
reduced bebewetihenpresetdevatueoand ifgrom § heanexta farel g8ankrdm(ehe3) and
being mxed in the settling tank 21 arranged downstream [0040] 1In the

embodi Ment | $Hewn dit di % r 2, 62MNGhes Pl ural Fubuelodianksedacaathd 3 filled
with fuel, first the fuel is
alternately at a constant time interval from the fuel tank
1 (or 2) with the fuel level reduced below the preset
value and from the next fuel tank 2 (or 3) and being mixed
in the settling tank 21 arranged downstream.
[0040]

In the embodiment shown in Fig. 2, among the plural
fuel tanks 1, 2 and 3 filled with fuel, first the fuel is
evacuated from the fuel tank 1 via the evacuation line 13
of the fuel supply line 5 and is pumped by the fuel pump
12 into the settling tank 21 where the fuel is temporarily
stored, the fuel temporarily stored in the settling tank
21 being pumped by the supply pump 22 into the fuel
injection valves 23 through which the fuel is injected to
the respective cylinders 11 of the engine 10.

[0041]

In this case, the evacuation valve 15' is opened by
the switchover signal 15a' from the controller 9, the
evacuation valve 16' being closed by the switchover signal
l16a' from the controller 9, the evacuation valve 17 being

closed by the switchover signal 17a from the controller 9.



evacuated fromthe fuel tank 1 via the evacuation line 13 of the fuel
supply Iine 5 and is punped by the fuel punp 12 into the settling tank 21
where the fuel is tenporarily stored, the fuel tenporarily stored in the
settling tank 21 being punped by the supply punp 22 into the fuel injection
val ves 23 through which the fuel is injected to the respective cylinders 11
of the engine 10. [0041] |In this case, the evacuation valve 15 is opened
by the swibvochoyer signal 15a" fromthe controller 9, the evacuation valve
16' being closed by the switchover signal 16a' fromthe controller 9, the

evacuation val vepl7 sheiing o¢d psef byet he sw  ghever ;S gnale Iraqf pomehhe
controller 9. 21 [0042] The fuel level 1n the fuel tank 1 is detécted by

the |evel %9%%Cﬁe f V$eg thﬁ?dﬁt%%Fug? % g%EGQl %ﬂ)tgg Ievekhdetector

6 reveals evel er evacua ion

reduced be ow he preset val ue shown b nary lipe in Fig
evacuati on h tfgl‘%ﬁdgléevﬁﬁ aﬁ?b@%a{@ f%@&s Gt %Eeﬁ@& ﬁ&@la

predeternlned time period by the sw tchover S|gnals 15a' and 16a' fromthe
control | ert@nki Re UNgE r Y aguakiendiel yedegadultd®vatt e conssant vialme
interval fromthe fuel tank 1 wth the fuel |evel reduced bel ow the preset
val ue and as shown by imaginary line in Fig. 2, the evacuation

valves 15' and 16' are alternately closed and opened for a
predetermined time period by the switchover signals 15a‘
and 1l6a' from the controller 9, the fuel being alternately
evacuated at a constant time interval from the fuel tank 1
with the fuel level reduced below the preset value and
from the next fuel tank 2, the fuels being mixed at the
settling tank 21 arranged downstream, the mixed fuel with
reduced hard particles concentration being supplied from
the settling tank 21 into the respective cylinders 11 of
the engine 10 via the supply pump 22 and the fuel
injection valves 23.

[0043]

As a result, hard particles are prevented from
entering in large quantity into the engine 10 and scuffing
of a piston ring against a cylinder liner is prevented.
[0044]

When the fuel tank 1 is fully evacuated, the
evacuation valve 15' is closed by the switchover signal

15a' from the controller 9 and the evacuation valve 16' is



fromthe next fuel tank 2, the fuels being mxed at the settling tank 21
arranged downstream the m xed fuel with reduced hard particles
concentration being supplied from the septling tank 21 into the respective
cylinders 11 of the engine 10 via the supply punp 22 and the fuel

injection valves 23. [0043] As a result, hard particles are prevented from
entering in large quantity into the engine 10 and scuffing of a piston ring
agai nst a kypbtndererddasy i shpr ewantdthve f 0844ha\thare4 hef foel thank 1 is fully
evacuated, the evacuation valve 15 is closed by the sw tchover signal

15a" from ¢hgreentirad lers§ andtt hecevacsnt oncvalvienlbisisoR2inkept opened
by the switchover signal 16a' fromthe <controller 9 so that the fuel

evacuati ongj i S I r t b m he fuel tank 2.

[ 0045] Th%%,‘sﬂegﬁ’gtﬁ Ue %vgb@ﬁsoﬁﬁe"%% ?gﬁk%ﬁ%iqs tgger%ﬁec% ed by the Ievel
detector 7 Mﬁgg the detection signal 7a fromthe level detector 7 reveals
that the f&g I"fevel of the fuel tank 2 under evacuation is reduced bel ow
the preset value, the evacuation valves 16' and_17 are alternately opened
and cl osed at aTBp@deﬁgyﬁjg%gltﬂﬁgel of the fuel tank 2 is detected

by the level detector 7. When the detection signal 7a
from the level detector 7 reveals that the fuel level of
the fuel tank 2 under evacuation is reduced below the
preset value, the evacuation valves 16' and 17 are
alternately opened and closed at a predetermined time
interval by the switchover signals 16a' and 17 from the
controller 9 so that the fuel is evacuated alternately at
the predetermined time interval from the fuel tank 2 with
the fuel level reduced below the preset value and from the
next fuel tank 3, the fuels being mixed together in the
settling tank 21 arranged downstream, the fuel with a
lowered concentration of hard particles being supplied
from the settling tank 21 via the supply pump 22 and fuel
injection valves 23 into the respective cylinders 11 of
the engine 10. As a result, there is no fear about
entering of hard particles in large guantity into the
engine 10 and resultant scuffing of a piston ring against
a cylinder liner.

[0046]

Before the fuel level of the fuel tank 3 from which



I nterval by the switchover signals 16a' and 17 fromthe controller 9 so
that the fuel is evacuated alternately at the predetermned tinme interval
fromthe fuel tank 2 with the fuel |evebgreduced bel ow the preset val ue and
fromthe next fuel tank 3, the fuels being m xed together in the settling
tank 21 arranged downstream the fuel with a |owered concentration of hard
particles being supplied fromthe settling tank 21 via the supply punp 22
and fuel tngpecgtiean ival ¥£5a 28yi Bve duler s@Spectievid ey ieless theobrddue
engine 10. As a result, there is no fear about entering of hard particles

inlarge qyamh@tyﬂrﬂ; of&élf i8NGl qéﬂ@m@drgéult%ntta%%faﬂe ehea piston
ring against a cy inder liner. [004 Before the fuel |evel of the fuel

tank 3 frogthB g gf %fﬁlig?ltk§tj'n§h%3v§V§?%aE~g> duced belom/the
the fue

preset I's replenishe he tank he oper ati ons
simlar to bB% ?bove are repeated. [0047] Thus, also |n t he enbodi nent
shown in Fi i simlarly to the enbodi nent shown in Fig. 1, the hard
particles can be prevented fromentering in |ar e quantity into the engine
10 and scuf fingTBtisthe lgist bn Fhﬁgeaﬂﬂéiﬂenﬁhé eyl dderf19 nef can be
prevent ed.

similarly to the embodiment shown in Fig. 1, the hard

particles can be prevented from entering in large quantity
into the engine 10 and scuffing of the piston ring against
the cylinder liner can be prevented.

[0048]

Alternatively, with a structure similar to that shown
in Fig. 2 where the evacuation valve 15', 16' and 17 are
controlled to be selectively opened and closed by
switchover signals 15a', 16a' and 17 outputted from the
controller 9 on the basis of the detection signals 6a, 7a
and 8a from the level detectors 6, 7 and 8, respectively,
the fuels may be evacuated concurrently from the fuel tank
1 (or 2) with the fuel level reduced below the preset
value and from the next fuel tank 2 (or 3).

[0049]

Also in this case, among the plural fuel tanks 1, 2
and 3 filled with fuel, first the fuel is evacuated from
the fuel tank 1 and via the evacuation line 13 of the fuel
supply line 5 and is pumped by the fuel pump 12 to the

settling tank 21. The fuel temporarily stored in the tank



[0048] Alternatively, with a structure simlar to that showmm in Fig. 2
where the evacuation valve 15, 16' and 17 are controlled to be selectively
opened and cl osed by sw tchover signalsg945a', 16a' and 17 outputted from
the controller 9 on the basis of the detection signals 6a, 7a and 8a from
the |l evel detectors 6, 7 and 8, respectively, +the fuels my be evacuated
concurrently fromthe fuel tank 1 (or 2) with the fuel |evel reduced bel ow

the preset21vakuguandd rnoyn the seyplfwegdum@nk22teorthd) .£[H049hjeAltsen n this
case, anmong the plural fuel tanks 1, 2 and 3 filled with fuel, first the

fuel is evaguaked fymqthe iH%Ec&%@<é%§%@gM'%h%h%d%éﬁ%%EhOOahb@% b3 of
the fuel supply line 5 and is punped by the fuel punp 12 to the settling

St R e b R

supply punp 0 I njection ~val ves ed through the
|nject|on Y§h¥§ into the respective cylinders 11 of the engine 10.
[ 0050] case t he evacuation valve 15" is opened by the swtchover
si gnal 15a fromthe controller 9, the -evacuation valve 16" being cl osed by
the switchover &nPghRAls 1Besefrbhft R¥acHRT PR evadvet He 'evistuapebAdvENMve 17
bei n

J the switchover signal 15a' from the controller 9, the

evacuation valve 16' being closed by the switchover signal
16a' from the controller 9, the evacuation valve 17 being
closed by the switchover signal 17a from the controller 9.
[0051]

The fuel level of the fuel tank 1 1is detected by the
level detector 6. When the detection signal 6a from the
level detector 6 reveals that the fuel level of the fuel
tank 1 under evacuation is reduced below the preset value
shown by imaginary line in Fig. 2, in addition to the
opened evacuation valve 15', the evacuation valve 16' 1is
concurrently opened by the switchover signal 16a' from the
controller 9, so that the fuels are evacuated concurrently
from the fuel tank 1 with the fuel level reduced below the
preset value and from the next fuel tank 2. As a result,
the fuel with a lowered concentration of hard particles 1is
supplied via the fuel pump 12, settling tank 21, supply
pump 22 and fuel injection valves 23 into the respective
cylinders 11 of the engine 10.

[0052]



cl osed by the switchover signal 17a fromthe controller 9. [0051] The fuel
| evel of the fuel tank 1 is detected by the |evel detector 6. Wen the
detection signal 6a fromthe |evel dete&gor 6 reveals that the fuel |eve
of the fuel tank 1 under evacuation is duced bel ow t he preset val ue
shown by imaginary line in Fig. 2, in addition to the opened evacuation
val ve 15', the evacuation valve 16' is concurrently opened by the

swi t chover signgl 16a’ frPg1tFﬁe %ont o_that the fgels are
€

aller.9
evacuat ed concur?eﬁﬂﬂfs rom S@df%é&tﬁc&thafﬁeQﬁﬁNeTegglffgghced

bel ow t he greset val ue. and fromthe next fuel tank 2. Ai aresult, the
fuel with 8PFERENSH HbntRhe PafileR Woft hat Wt BaFfiecIS@ i SUppPPEd via the
fuel punp 12, settling tank 21, supply punp 22 and fuel injection valves 23
into the respéétinge okythadeistpn gfinheagpgnaé tde [Op52pdes lAsiex resul t,
the hard particles are prevented fromentering in |arge quantity into the
engi ne 10, parstenscuf fi ng of the piston ring against the cylinder liner is
prevented. [0053] When the fuel tank 1 is fully evacuated, then the
evacuation|galswg 15 is closed by the sw tchover signal

When the fuel tank 1 is fully evacuated, then the
evacuation valve 15' is closed by the switchover signal
15a' from the controller 9, the evacuation valve 16' being
kept opened by the switchover signal 16a' from the
controller 9, so that the evacuation of the fuel is
continued solely through the bottom of the fuel tank 2.
[0054]

Then, the fuel level of the fuel tank 2 is detected
by the level detector 7. When the detection signal 7a
from the level detector 7 reveals that the fuel level of
the fuel tank 2 under evacuation is reduced below the
preset value, 1in addition to the opened evacuation valve
16', the evacuation valve 17 is concurrently opened by the
switchover signal 17a from the controller 9, so that the
fuels are evacuated concurrently from the fuel tank 2 with
the fuel level reduced below the preset value and from the
next fuel tank 3, the fuel with a lowered concentration of
hard particles being supplied via the fuel pump 12,
settling tank 21, supply pump 22 and fuel injection valves

23 into the respective cylinders 11 of the engine 10. As



15a' fromthe controller 9, the evacuation valve 16" being kept opened by
the switchover signal 16a'" fromthe controller 9, so that the evacuation of
the fuel is continued solely through thggbottomof the fuel tank 2. [0054]
Then, the fuel level of the fuel tank 2 1's detected by the |level detector
7. When the detection signal 7a fromthe | evel detector 7 reveals that the
fuel level of the fuel tank 2 under evacuation is reduced bel ow the preset

val ue, in addeétihon,t aHde: opengd evacuaii®nt vahverikl ,off heagyacuation val ve
17 is concurrently opened by the sw tchover signal 17a fromthe controller

9, so thatyihe;fuel %rﬁrﬁaﬁé{écd%%l@c%ﬁ%’{t!@”%h% Eremdde;  ughqtank 2 with
t he fuel IeveI reduced bel ow t he preset val ue and fromthe next fuel tank

3, the fue| n ntr f rt cles L uppl i ed
via the fue?g%%gﬁﬁ ﬁ%l?né%tan °§uﬁbF§ gnp and |%]ect|on

valves 23 into the respectlve cyllnders 11 of the engi ne 10. As 26 a
result, thetBSFs no fear about entering of hard particles in large quantity
into the engine 10 and resultant scuffing of a piston ring against a
cylinder [P@ep] [0055] Before the fuel level of the fuel tank 3 from which

Before the fuel level of the fuel tank 3 from which
the fuel is finally evacuated is reduced below the preset
value, the fuel is replenished to the tanks and the
operations as mentioned in the above are repeated.

[0056]

Thus, also in the case where the structure similar to
that shown in Fig. 2 is used and only control of the
structure is change, as in the case of the embodiment of
Fig. 1, the hard particles can be prevented from entering
in large quantity into the engine 10 and scuffing of the
piston ring to the cylinder liner can be prevented.

[0057]

Fig. 3 shows a third embodiment of the invention in
which parts similar to those in Figs. 1 and 2 are
represented by the same reference numerals and which is
similar in basic construction to that shown in Fig. 1.
This embodiment is characteristic in that, as shown in Fig.
3, the fuel supply line 5 comprises an evacuation line 13
which connects bottoms of the respective fuel tanks 1, 2

and 3 with the fuel pump 12 and the bypass line 14



the fuel is finally evacuated is reduced bel ow the preset value, the fuel
is replenished to the tanks and the operations as nentioned in the above
are repeated. [0056] Thus, also in the oase where the structure simlar to
that shown in Fig. 2 is used and only control of the structure is change,
as in the case of the enbodinment of Fig. 1, the hard particles can be
prevented fromentering in large quantity into the engine 10 and scuffing
of the pistanchieny fixoh heheykivhderadiderleas be preavedt edam[ 6@5¢he Fig. 3
shows a third enbodi ment of the invention in which parts simlar to those

in Figs. lrapd 2@e 17 epbegented fyi ddec sameyeaf eyences nepenaks rand whi ch
is simlar in basic constructionto that showmn in Fig. 1. This enbodi nent

s simlar in bast on 1o thaf show c
compr S5 SREevciai b e Ed S Eh Conngets TS ons o ERe respact ve

fuel tanks_1, 2 and 3 with.the fuel pu 12 .and the bypass |line 14 27
br anched { FOnPrnTEReFbAOT: G0 THMRSEr Eahioft THo 21 L8F plrip 15 20 as
to guide the fuel of the fuel tank 1 (or 2) with the fuel |evel reduced
bel ow t he pP&sétl aralRASS 2GS af Wi FYC \Bor tMBANST 4t KOTRXI SEaebPVeaRR A Qor 3) ;
and the flow passage sw tchover neans 4 conprises evacuation

valves 15', 16' and 17 incorporated in the evacuation line

13 connected to bottoms of the respective fuel tanks 1, 2
and 3, respectively, and controlled to be selectively
opened and closed such that, after the fuel is evacuated
from the fuel tank 1 (or 2) with the fuel level reduced
below the preset value, fuel is evacuated through a bottom
of the next fuel tank 2 (or 3), a three-way valve 24 at a
juncture between the evacuation line 13 and the bypass
line 14 and switchable from guidance to the evacuation
line 13 of the fuel of the fuel tank 1 (or 2) with the
fuel level reduced below the preset value to guidance to
the bypass line 14, a switchover-for-mixing valve 19, 20
incorporated in the bypass line 14 downstream of the
three-way valve 24 and switchable such that, after the
fuel of the fuel tank 1 (or 2) with the fuel level reduced
below the preset value is guided to the upper portion of
the next fuel tank 2 (or 3), fuel evacuated through the
bottom of the next fuel tank 2 (or 3) is guided to the
upper portion of the same fuel tank 2 {(or 3); the

evacuation valves 15', 16' and 17, three-way valve 24 and



val ves 15', 16' and 17 incorporated in the evacuation line 13 connected to
bottonms of the respective fuel tanks 1, 2 and 3, respectively, and
controlled to be selectively opened and.¢l osed such that, after the fuel is
evacuated fromthe fuel tank 1 (or 2) mggh the fuel level reduced bel ow
the preset value, fuel is evacuated through a bottom of the next fuel tank
2 (or 3), athree-way valve 24 at a juncture between the evacuation line 13
and the bypas i ne and. switchahle fr uidance to the evacuation |ine
130t s he” TaLrebr s Trant Bk YE By BT AMEREY R JeSeFERaaR  bel o
the preset value to guidance to  the bypass |line 14, a sw tchover-for-m xing
val ve 19, 29 SPAEGTHoISLeCPANERe 3YD $¢RePY4 thGmEt Y eGP BE Lt Rdanals

t hree-way val ve 24 and switchable such that, after the fuel of the fue

tank 1 (orl2y'wi tl®at'ne ¥lrl Eéael Lifedured 2bel owtohd treéskromarhe i s gui ded
to the upper portion of the next fuel tank 2 (or 3), fuel evacuated through
the bottoovotrbhderexd dmethtabksd  arf 3)hésdgtiiedad dro $ hgnalppéa ,pord i on
of the same fuel tank 2 (or 3); the evacuation valves 15, 16' and 17,

three-way ¥ahvea24 id 28 suhbahenarsdsr & 8 Ng vl es, 1_9e§ﬁ@c%@v%_rley;
controlled to be selectively opened and cl osed by the sw tchover signals

L5010 g, HE A BIARTD SRS T RS P A
the fuel level reduced below the preset value i1s guided to
the upper portion of the next fuel tank 2 (or 3), the fuel
is evacuated through the bottom of the next fuel tank 2
(or 3).

(0058]

In the embodiment shown in Fig. 3, among the plural
fuel tanks 1, 2 and 3 filled with fuel, first the fuel 1is
evacuated from the fuel tank 1 via the evacuation line 13
of the fuel supply line 5 and is pumped by the fuel pump
12 into the settling tank 21 where the fuel is once stored,
the fuel temporarily stored in the settling tank 21 being
pumped by the supply pump 22 into the fuel injection
valves 23 through which the fuel is injected to the
respective cylinders 11 of the engine 10.

[0059]

In this case, the evacuation valve 15' is opened by

the switchover signal 15a' from the controller 9, the

evacuation valve 16' being closed by the switchover signal

16a' from the controller 9, the evacuation valve 17 being



and 8a fromthe | evel detectors 6, 7 and 8, respectively; after the fuel
evacuated fromthe fuel tank 1 (or 2) with the fuel |evel reduced bel ow the
preset value is guided to the upper porbgon of the next fuel tank 2 (or 3),
the fuel is evacuated through the bottom of the next fuel tank 2 (or 3).
[0058] In the enbodi nent shown in Fig. 3, anong the plural fuel tanks 1, 2
and 3 filled with fuel, first the fuel is evacuated fromthe fuel tank 1

via the evacuakiomy itige 18wiekhicie f uel gsapphy al ime® and tsnpueadc bys | he
fuel punp 12 into the settling tank 21 where the fuel is once stored, the

fuel temporae! lon:Slaregy i pathe 9ol tdd nggt ank c2haeiing + pumaed o diie; supply

punp 22 into the fuel injection valves 23 through which the fuel is i1njected

to the _re§9§%ghy%%ﬁy!%pg§r§h§15gnt{gﬁfggi@ef%gf P02 cF'thmﬁ%‘: & the
evacuation-valve i'S opened by e SWt chover signal "I'ba”™ fromthe
controller 9, the evacuation _valve 16 being t he sw tchover

6 | osed by,
signal  168°% ron'tHe RYREFSI Herm®,14 hkéuEv’éBué%eorF%%‘?zén%tﬁé]ikn& bg tR¢osed

by the switchover signal 17a fromthe controller 9, the three-way valve 24
bei ng swi t EWed dhoidie Sor reheverd Wi gnal 1 24kefimemabresednbiolther 9 for
gui dance of the fue

switchover signal 19%9a from the controller 9, the

switchover-for-mixing valve 20 being closed by the
switchover signal 20a from the controller 9.
[0060]

The fuel level of the fuel tank 1 is detected by the
level detector 6. When the detection signal 6a of the
level detector 6 reveals that the fuel level of the fuel
tank 1 under evacuation is reduced below the preset wvalue
as shown by imaginary line of Fig. 3, the three-way valve
24 is switched by the switchover signal 24a from the
controller 9 to guidance to the bypass line 14, the
switchover-for-mixing valve 19 is opened by the switchover
signal 19a from the controller 9. Thus, the fuel
evacuated from the fuel tank 1 with the fuel level reduced
below the preset value is bypassed via the three-way valve
24 to the bypass line 14 by the activation of the fuel
pump 12 and guided via the opened switchover-for-mixing
valve 19 into the upper portion of the next fuel tank 2
and is mixed with the fuel stored in the next fuel tank 2.

[0061]



hot to the bypass line 14 but to the settling tank 21, the

swi tchover-for-m xing valve 19 being closed by the swtchover signal 19a
fromthe controller 9, the swtchover-fgp-m xing valve 20 being cl osed by
the sw tchover signal 20a fromthe controller 9. [0060] The fuel |evel of
the fuel tank 1 is detected by the I|evel detector 6. Wen the detection
signal 6a of the level detector 6 reveals that the fuel |evel of the fuel

tank 1 under evaguatitore isusedusad heligw el presatusaldie, @seshown by
imaginary line of Fig. 3, the three-way valve 24 is swtched by the

swi tchover . 5hgnal: ;248 4oLt he. C_L%”tcrl%é&ﬁ gyt @y %U'éiﬁ”tﬁ&lé{}’e}h%l&%%ﬁss line

14, the sw tchover- Of-ﬁleng va ve I'S opene e swtcho si gnal
19a fron1tE§ GO tr%{I I us, ueI g acuatqghggon1the fuelfgank 1
with the fudf | évé™ ré uc%a 58I e ﬁ?%s Sval'de %ypasgea via the

t hr ee- way valve 24 to the hypass I|ne 14 by the actlvatlon of the_fuel
punp 12 anapﬁﬁﬁ@b@Xn%P?héwéﬁéﬁQYQﬁM%EﬂB@ér#Qﬁ nt XPHg thPal SR 48°1 hes he
upper portion of the next fuel tank 2 and is mxed with the fuel stored in
t he next fael thatk the f@eblpi3¢hanierel heahlel twarikh In¢ shighly evacuat ed,
t he evacuation valve 15 is closed by the sw tchover signal

concentration of hard particles being deposited on the

bottom of the tank is once bypassed via the three-way
valve 24 into the bypass line 14 by the activation of the
fuel pump 12 and is guided through the opened switchover-
for-mixing valve 19 into the upper portion of the fuel
tank 2, whereby the fuel with a high concentration of hard
particles remaining in the evacuation line 13 of the fuel
supply line 5 is replaced by the fuel with a lowered
concentration of hard particles.

[0062]

After the fuel with the high concentration of hard
particles remaining in the evacuation line 13 of the fuel
supply line 5 is replaced by the fuel with the lowered
concentration of hard particles, the three-way valve 24 is
switched again by the switchover signal 24a from the
controller 9 and the switchover-for-mixing valve 19 1is
closed by the switchover signal 1%a from the controller 9,
the fuel from the next fuel tank 2 being supplied via the
fuel pump 12, three-way valve 24, settling tank 21, supply

pump 22 and fuel injection valves 23 into the respective



15a'" fromthe controller 9 and the evacuation valve 16' is opened by the
swi tchover signal 16a' fromthe controller 9, so that the fuel of the fue
tank 2 with no high concentration of hargyparticles being deposited on the
bottom of the tank is once bypassed via the three-way valve 24 into the
bypass |line 14 by the activation of the fuel punp 12 and is guided through
t he opened swi tchover- for-mxing valve 19 into the upper portion of the

fuel tankcg)imhereby it her frigt whghna high concentration of hard particles
remai ning in the evacuation line 13 of the fuel supply line 5 is replaced

by the fUG!OM@BE a lowered concentration of hard particles. [0062] After

the fuel with the high concentration of hard particles remaining in the

evacuation line, 13 _of the fuel, _s lly line 5 is replaced by the_fuel with
t he | owered cd%%eﬁtf§ﬁ€;$kﬁt %r%gggrﬁﬁﬁkééﬁ%%eafﬁrgéﬁﬁ%ﬁ%&ﬁvgrﬁﬂ IS

swi tched again by the sw tchover ngnaL 24a fromthe caontroller 9 and the
swi t choverSRbEL AR Ag vt R3S 19UREE 1L Yodd Dyt P Re 8@ ho\Ver &Pgnal 19a from

the controller 9, the fuel fromthe next fuel tank 2 being supplied via the
fuel punp deuithneeodayhalweskan gamnd iggpiadk 2yliswsp! ylipanpiz2 and fuel
injection valves 23 into the respective 31 cylinders 11 of the engine 10.
prevented.
[0064]
Then, the fuel level of the fuel tank 2 is detected
by the level detector 7. When the detection signal 7a of
the level detector 7 reveals that the fuel tank 2 under
evacuation is reduced below the preset value, the three-
way valve 24 is switched by the switchover signal 24a from
the controller 9 into guidance to the bypass line 14 and
the switchover-for-mixing valve 20 is opened by the
switchover signal 20a from the controller 9. Thus, the
fuel evacuated from the fuel tank 2 with the fuel level
being reduced below the preset value is bypassed via the
three-way valve 24 into the bypass line 14 by the
activation of the fuel pump 12 and is guided through the
opened switchover-for-mixing valve 20 into the upper
portion of the next fuel tank 3 and is mixed with the fuel
stored in the next fuel tank 3.
[0065]

When the fuel tank 2 is fully evacuated, the

evacuation valve 16' is closed by the switchover signal



[0063] As a result, the hard particles are prevented from entering in |arge
quantity into the engine 10, and scuffing of the piston ring against
cylinder liner is prevented. [0064] Thgp, the fuel level of the fuel tank
2 is detected by the level detector 7. Wien the detection signal 7a of the
| evel detector 7 reveals that the fuel tank 2 under evacuation is reduced
bel ow t he preset value, the three- way valve 24 is switched by the

swi t choverl6agndlrodda e amont heldent roldred ®henkvaguiadainoe telvhe 10ypass
line 14 and the switchover-for-mxing valve 20 is opened by the sw tchover

signal 20achenadt bg ad rokl eeh8vethus,gide 1fHel reaauat edohit eptiee fael
tank 2 wwth the fuel |level being reduced bel ow the preset value is bypassed

via the t@ée@hg%yt\ﬁ% V&, 2 asgttfeﬁfeh% Passn ki Be 14 by d hﬁ—‘i%ﬁcti vation of

the fuel punp 12 and iIs guide rough the opened sw tchover-for-mxing

lve 20 | h ' f th f uel k 3. is mxed wth
he fuel  Sofrbd®eitii &5 beEl Ceand e S nadfl VAR THEST R PR 2" <

fully evacuated, the evacuation valve 16' is closed by the sw tchover
si gnal 32 bottom of the tank is once bypassed via the three-way

valve 24 into the bypass line 14 by the activation of the
fuel pump 12 and is guided through the opened switchover-
for-mixing valve 20 into the upper portion of the fuel
tank 3, whereby the fuel with a high concentration of hard
particles remaining in the evacuation line 13 in the fuel
supply line 5 is replaced by the fuel with a lowered
concentration of hard particles.

[0066]

After the fuel with a high concentration of hard
particles remaining in the evacuation line 13 of the fuel
supply line 5 is replaced by the fuel with a lowered
concentration of hard particles, the three-way valve 24
being switched again by the switchover signal 24a from the
controller 9 and the switchover-for-mixing valve 20 being
closed by the switchover signal 20a from the controller 9,
the fuel from the next fuel tank 3 being supplied via the
fuel pump 12, three-way valve 24, settling tank 21, supply
pumnp 22 and fuel injection valves 23 into the respective
cylinders 11 of the engine 10. Thus, the hard particles

are prevented from entering in large quantity into the



16a' fromthe controller 9 and the evacuation valve 17 is opened by the
swi tchover signal 17a fromthe controller 9, so that the fuel of the fue
tank 3 with no high concentration of haggl particles being deposited on the
bottom of the tank is once bypassed via the three-way valve 24 into the
bypass |line 14 by the activation of the fuel punp 12 and is guided through
t he opened swi tchover- for-mxing valve 20 into the upper portion of the
fuel tanke3gimbenébynidhesdwefimgt b fa thieghp toncentiaty ayaofndrar dheparti cl es
remai ning in the evacuation line 13 in the fuel supply line 5 is replaced

by the fuelywm fhea hawered s copegrhiatd.on of hard particles. [0066] After
the fuel with a high concentration of hard particles remaining in the

evacuation[éégg 13 of the fuel supply line 5 is replaced by the fuel with a
| ower ed concen%ration of hard particles, the three-way valve 24 being
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fromthe controller 9, the fuel fromthe next fuel tank 3 being supplied
via the fulf pusp 12 fiHreklWa§vesipd ol igefefirgc &fd 21, tBapBEYSShunp 22
and fuel injection valves 23 into the respective cylinders 11 of the engine
10. Thus, théuhar 8hparfricl ebs aeplpnévdrmedtérdheenteringna thege quantity
o the operations as mentioned in the above are repeated.

[0068]

Thus, also in the case of the embodiment shown in Fig.

3, just like the embodiments shown in Figs. 1 and 2, the

hard particles can be prevented from entering in large

quantity into the engine 10 and scuffing of the piston

ring against the cylinder liner can be prevented.

[0069]

Further, in the embodiment shown in Fig. 3 where the

bypass line 14 extends downstream of the fuel pump 12 to

the fuel tanks 2 and 3, so that unlike the embodiment

shown in Fig. 1, no return pipes from the fuel tank 1, 2

are needed.

[0070]

It is to be understood that a method and an apparatus
for supplying fuel to a marine internal combustion engine
according to the invention are not limited to the above

embodiments and that various changes and modifications may

be made without leaving the scope of the invention. For



33 engine 10 and scuffing of the piston ring against the cylinder liner is
prevented. [0067] Before the fuel level of the fuel tank 3 fromwhich the
fuel is finally evacuated is reduced bel gy the preset value, the fuel is
repl eni shed to the tanks and the operations as nentioned in the above are
repeated. [0068] Thus, also in the case of the enbodi nent shown in Fig. 3,
just like the enbodi nents shown in Figs. 1 and 2, the hard particles can be
prevent ed éxeampést ertihrg riumbargef guantidgl | bhokshe sengithel 10iaed seuffing
of the piston ring against the cylinder |iner can be prevented. [0069]
Further, ipnhtbe;enbodidEie shQWNoirnnfd 8. b8 PhgEEcthenoypass |ine 14 extends
downstream of the fuel punp 12 to the fuel tanks 2 and 3, so that unlike

t he enbodi nent shown in Fig. 1, no return pipes fromthe fuel tank 1, 2

are needed. [0070] It is to be understood that a nethod and an apparat us
for supplying fuel to a marine internal conbustion engine according to the
invention are not limted to the above enbodinents and that various changes
and nodi fications may



be made without |eaving the scope of the invention. For 34 exanple, the
nunber of the fuel tanks is not limted to three; it nay be two or may be
four or nore. 35 CLAIM5 1. A nethod forggupplying fuel to a marine internal
conmbusti on engi ne wherein the fuel stored in a fuel tank is evacuated

t hrough a bottom of the tank, is punped by a fuel punp and is supplied via
fuel injection valves into respective cylinders of the engine, which
conprises providing a plurality of fuetrphamks adapted for evacuation of the
fuel therefrom mxing the fuel evacuated fromthe fuel tank under
evacuation and fuel of said other fuel tank together when a fuel |evel of
said fuel tank under evacuation is reduced bel ow a preset value, and

supplying the m fuel- wt red concent Lon__of. rticles
into the r%épéglﬁgghgéHﬁgeﬂ%yé#iyﬁgg gﬁﬁﬁhégpz£aﬁ%%épﬁo&ﬁggféggplying f uel

to a marine internal conpusti on engi ne as_cl ai din claiml], erei.n fuel
0 AUt ePERr A e T he: PORTEATs EE of HeT Pear atdcvin Faelt Retel

evacuated fromsaid fuel tank with the fuel level reduced bel ow the preset
val ue i s gufdedarsadiedippeEoupbr fi etdionapl dhketamlel tankumped by a

fuel pump and is supplied via fuel injection valves into
respective cylinders of the engine, which comprises
providing a plurality of fuel tanks adapted for
evacuation of the fuel therefrom, mixing the fuel
evacuated from the fuel tank under evacuation and fuel of
said other fuel tank together when a fuel level of said
fuel tank under evacuation is reduced below a preset value,
and supplying the mixed fuel with a lowered concentration
of hard particles into the respective cylinders of the

engine.

2. A method for supplying fuel to a marine internal
combustion engine as claimed in claim 1, wherein fuel is
evacuated through the bottom of said other fuel tank while
the fuel evacuated from said fuel tank with the fuel level
reduced below the preset value is guided to an upper

portion of said other fuel tank.

3. A method for supplying fuel to a marine internal

compbustion engine as claimed in claim 1, wherein the fuel



3. Anmethod for supplying fuel to a marine internal conbustion engine as
claimed in claiml, wherein the fuel 36 is evacuated alternately at a
predetermned time interval fromsaid fggl tank with the fuel |evel reduced
bel ow the preset value and fromthe other fuel tank, said evacuated fuel
being m xed together in a settling tank arranged downstream 4. A nethod
for supplying fuel to a marine internal conbustion engine as clained in
claim1, wherewvactihe ddiedBteanatevacusd edl soaauteeniined romsaidtlkuealalt ank
with the fuel |evel reduced bel ow the preset value and fromthe other fuel

tank. 5. Arpehhaed ifors &ppt ¥hROWfikel i ar gBLI Nevint erddhce §opRESHI @hengi Ne
as clainmed in claiml, wherein fuel is evacuated through the bottom of said

. fueld% gétafvta% theqf Bl eyacuatad gmaﬁa't%rf}é‘e'séf‘&ke\’)‘a%*&att% fuel

| evel re bel'6w the preset val ue 1S qui to an 'upper portion of said

ot her fuel . An tus for supplyin uel to marine interna
conbust | onBRGT HESRerb BRS HEOBESH St oFbi | ACBLUgIT (ke RE- 8088 nt cd
through a bottom of the tank, is punped by a fuel punp and is supplied via
fuel |njec@P8ﬁS@éﬁ@@s into respective cylinders of the engine, which
conprises a plurality of fuel tanks,

4., A method for supplying fuel to a marine internal
combustion engine as claimed in claim 1, wherein the fuels
are evacuated concurrently from said fuel tank with the
fuel level reduced below the preset value and from the

other fuel tank.

5. A method for supplying fuel to a marine internal
combustion engine as claimed in claim 1, wherein fuel is
evacuated through the bottom of said other fuel tank after
the fuel evacuated from said fuel tank with the fuel level
reduced below the preset value 1s guided to an upper

portion of said other fuel tank.

6. An apparatus for supplying fuel to a marine internal

combustion engine wherein the fuel stored in a fuel tank

is evacuated through a bottom of the tank, is pumped by a
fuel pump and is supplied via fuel injection valves into

respective cylinders of the engine, which comprises

a plurality of fuel tanks,



37 d fuel supply line with flow passage sw tchover neans switchable for
fuel evacuation fromsaid respective fuel tanks, |evel detectors for
detecting fuel levels of said fuel tankg7 respectively, and a controller
for outputting switchover signals to the flow passage switchover neans in
said fuel supply line such that, upon evacuation of the fuel from any of
said fuel tanks and when a detection signal fromthe corresponding |evel
detector reveals fhal tshedluellievelitdf filher fpessbgpk suniderhevacuatbas i s
reduced below a preset value, the fuel evacuated fromsaid fuel tank with

the fuel |ayetchedueed el pyet hevaceseti ol #eohs salixed e dpaet hee wigkh fuel
of said other fuel tank, the m xed fuel wth a |owered concentration of

hard particlegssbeing supplied into the respective cylinders of the engine.
7. An apparatus’for supplying fuel to a marine internal conbustion engine
as clainmed in claim6,, wherein said fuel supply line conprises_an

evacuati on Iinei?gghcgﬁﬁ5§FVﬁﬁsbg?509§%§¥”§%$£ y?%%pi@ﬁﬁ §;Fﬂgls?éﬁks wth
the fuel punp_and a bypass |line branched from said evacuation line for

gui di ng t heU¢lefaeFScudtctP$ebi’eaivd Al tank with the fuel |evel reduced

bel ow t he preset value to an upper
a controller for outputting switchover signals to the

flow passage switchover means in said fuel supply line
such that, upon evacuation of the fuel from any of said
fuel tanks and when a detection signal from the
corresponding level detector reveals that the fuel level
of the fuel tank under evacuation is reduced below a
preset value, the fuel evacuated from said fuel tank with
the fuel level reduced below the preset value is mixed
together with fuel of said other fuel tank, the mixed fuel
with a lowered concentration of hard particles being

supplied into the respective cylinders of the engine.

7. An apparatus for supplying fuel to a marine internal
combustion engine as claimed in claim 6, wherein said fuel
supply line comprises

an evacuation line for connecting bottoms of said
respective fuel tanks with the fuel pump and

a bypass line branched from said evacuation line for
guiding the fuel evacuated from said fuel tank with the

fuel level reduced below the preset value to an upper



38 ﬁortion of said other fuel tank, and said fl ow passage sw tchover neans
conprises a three-way valve at a juncture between said evacuation |ine and
sai d bypass line and swtchable for guiggnce of the fuel of said fuel tank
with the fuel level reduced below the preset value fromthe evacuation |ine
to the bypass line, an auxiliary punp incorporated in said bypass line for
pumping to the upper portion of said other fuel tank the fuel guided not to

t he evacuafgd)pfllbhn@fbtga{td) sPheerbypass dddue, t fraugh switchover of said
t hree-way val ve, a sw tchover-for-m xing val ve incorporated in the bypass

i ne downstr eam of gsaind, A4 20Y BUTR AL o SWhEshabLe . qu dance of the

fuel of said fuel tank wt fuel |evel reduced bel the preset val ue
to said other fug tanka'and fn evgcuatloqzvalgeb%@%%r oratqg in the
evacuation |in@ AREcted 160 B&t forh Bt T heS GEl fhk aﬁbng said fuel
tanks fromwhich the fuel is finally evacuated and opened mhen the fuel is
finally ev%ﬁﬁﬁﬁéalppbﬁ%ﬂﬁ(P?ﬁeﬁalgam¥P%FsA&léﬁpéﬂ%lﬁ¥¥§ﬁ aBppI yiokg f uel
to a marine internal conbustion engine as clainmed in claim®6, wherein said
fuel suppbtyitianeecofpritsesianlevdcsaticonf ¢ hethok (‘z\tim‘l’edtlil@lgfuel level

reduced below the preset value from the evacuation line to
the bypass line,

an auxiliary pump incorporated in said bypass line
for pumping to the upper portion of said other fuel tank
the fuel guided not to the evacuation line but to the
bypass line through switchover of said three-way valve,

a switchover-for-mixing valve incorporated in the
bypass line downstream of said auxiliary pump and
switchable for guidance of the fuel of said fuel tank with
the fuel level reduced below the preset value to said
other fuel tank, and

an evacuation valve incorporated in the evacuation
line connected to the bottom of the fuel tank among said
fuel tanks from which the fuel is finally evacuated and
opened when the fuel is finally evacuated from said fuel

tank.

8. An apparatus for supplying fuel to a marine internal
combustion engine as claimed in claim 6, wherein said fuel

supply line comprises an evacuation line for connecting



39 'bottoms of said respective fuel tanks with the fuel punp, and said flow
passage sw tchover neans conprises an evacuation valve incorporated in the
evacuation line connected to the bottonggof said respective fuel tanks and
controlled to be selectively opened and cl osed such that the fuel is
evacuated alternately at a predetermned tine interval fromsaid fuel tank
with the fuel |evel reduced below the preset value and from said other fuel
t ank, sai doevamsabed falied srdepagtiiveed dopet hrksi wiatseitd i Agel apkmp,
arranged downstream 9. An apparatus for supplying fuel to a marine internal
conmbusti onyglgi ne as clainmed in claim®6, wherein said fuel supply lIine
conpri ses an evacuation line for connecting bottons of said respective fuel

tanks with the fyel, pumh AN SaLdsl:QWRASSAGR. SHLT CROYAT: JBANS, COMpI i ses
an evacuation va ve incorpora e evacuation Iin connected to the
bottonms of said respective fuel tanks an congéolled to be seLectlveI

opened and®¥fGEEGISHcH 3 haE ERIPRHL & et BvhRfafdd PP et from sai d

fuel tank wth the fuel |evel reduced bel ow the preset value and from said
ot her fuelcpaprctag to the bottoms of said respective fuel tanks and

controlled to be selectively opened and closed such that
the fuel is evacuated alternately at a predetermined time
interval from said fuel tank with the fuel level reduced
below the preset value and from said other fuel tank, said
evacuated fuels being mixed together in a settling tank

arranged downstream.

9. An apparatus for supplying fuel to a marine internal
combustion engine as claimed in claim 6, wherein said fuel
supply line comprises an evacuation line for connecting
bottoms of said respective fuel tanks with the fuel pump
and

salid flow passage switchover means comprises an
evacuation valve incorporated in the evacuation line
connected to the bottoms of said respective fuel tanks and
controlled to be selectively opened and closed such that
the fuels are evacuated concurrently from said fuel tank
with the fuel level reduced below the preset value and

from said other fuel tank.



10. *An apparatus for supplying fuel to a marine internal conbustion engine
as clainmed in claim6, wherein said fuel supply line conprises an
evacuation line for connecting bottons ofgsaid respective fuel tanks with
the fuel punp and a bypass |line branched from said evacuation |ine
downstream of the fuel punp for guiding the fuel of said fuel tank with the
fuel |evel reduced below the preset value to an upper portion of said other

fuel tank,1@nd maigophewtpassage suppLhovier ARENStS0APhESEH AN revaetali on
val ve incorporated in the evacuation |ine connected to the bottons of said

respective-dighsttapke i consreh beddp e sebegpt bvelynopenedsand ¢lyesed
such that the fuel is evacuated fromsaid other fuel tank after the fuel is

evacuat ed aikd_fue ith the fuel |evel reduced bel ow the preset
{5gmgandgluclodantsut

value, at val ve a juncture between said evacuation |ine and
sai d bypass |ine and sw tchable, for guidance of the aid fuel tank

. fuel of
with the fuel |&VefVarddiced betdw £R ﬁﬂ&ﬂﬁCVhT%ebPFGQW%KPév%ihﬁtion line

to the bypass line and a smﬁtchover-for-nixin? val ve incorporated in the
bypass |i mecgpaastvearhustl shakehrashwhhasaf yelapdmpswinthabl e such t hat
after the fuel of said fuel tank wwth the fuel |evel reduced bel ow the
preset val ue isagoiydedstdine branched from said evacuation line

downstream of the fuel pump for guiding the fuel of said
fuel tank with the fuel level reduced below the preset
value to an upper portion of said other fuel tank, and

sald flow passage switchover means comprises

an evacuation valve incorporated in the evacuation
line connected to the bottoms of said respective fuel
tanks and controlled to be selectively opened and closed
such that the fuel is evacuated from said other fuel tank
after the fuel is evacuated from said fuel tank with the
fuel level reduced below the preset value,

a three-way valve at a juncture between said
evacuation line and said bypass line and switchable for
guidance of the fuel of said fuel tank with the fuel level
reduced below the preset value from the evacuation line to
the bypass line and

a switchover-for-mixing valve incorporated in the
bypass line downstream of said three-way valve and
switchable such that after the fuel of said fuel tank with

the fuel level reduced below the preset value is guided to
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a’ 1741 an upper portion of said other fuel tank, the fuel evacuated
t hrough the bottom of said other fuel tank is guided to the upper portion
of the sane fuel tank. 41

an upper portion of said other fuel tank, the fuel
evacuated through the bottom of said other fuel tank is

guided to the upper portion of the same fuel tank.





