Method for switching the fuel supply to an internal combustion engine from a first fuel to a second fuel
The invention relates to a method for switching the fuel supply to an internal combustion 5engine from
a first fuel to a second fuel, comprising the steps of a) operating the internal combustion engine using
the first fuel, b) lowering the fraction of the first fuel jn the fuel line supplying the internal combustion
engine and increasing the fraction of the second fuél in the fuel line supplying the internal combustion
engine, c) operating the internal combustion engine using a fuel mixture comprising the first fuel and
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10 stepsb) and c) until the internal combustion engine is operated only using the second fuel.

Such amethod is known for example from WO 2009/067970 A1, this known method being in
particular based on the problem that a marine engine had to be switched from the operation
with ahighly viscous heavy oil to afuel of lower viscosity, that isdiesel ail, it having been

15 intended that the change in viscosity be compensated by adapting the temperature of the fuel

or the fuel mixture.

A fundamental problem of all methods where the operation of an internal combustion engine
Isto be switched from the consumption of afirst fuel to a second fuel consistsin that at first a

20  defined fuel mixture having defined properties must be produced that is changed in favour of
the second fuel until the internal combustion engine can be operated only using the second
fuel.

Adjusting the defined fuel mixture where for example defined fractions of first fuel and

25 second fuel should be present, however turns out to be difficult on account of the different
viscosities of the fuels used and different pressures, in particular if auniform change of the
fuel composition similar to aramp function is desired.

Preliminary tests (not published) for thisinvention have in particular shown that the positions
30 of 3/2way rotary disc valves provide only insufficient information as to the fractions of first

and second fuel in afuel mixture.



Preliminary tests (not published) for this invention have in particular shown that the positions 300f 3/2
way rotary disc valves provide only insufficient information as to the fractions of first and second fuel in
a fuel mixture. - 2 - Therefore the object of the invention is to provide a method and a system using
which the fraction of first and second fuel can be precisely adjusted. 5This object is achieved by the
method having the features of Claim 1 and the system having the features of Claim 6. The sub claims
specify advantageous designs of the invention. The basic idea of the invention is to determine the flow
rate of the first fuel in the line conducting the first fuel and/or determine the flow rate of the second fuel
in the line 10conducting the second fuel before they are merged in the line that supplies fuel to the
internal cometafisteinealjies,of thea nvemtin éntgipeovide powtimo ahd B&eny ustagyvtish ttadve that
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actually present in the third fuel line, on account of the different viscosity 15 and pressure ratios of the
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the flow rate of at least one fuel

The basic idea of the invention isto determine the flow rate of the first fuel in the line

conducting the first fuel and/or determine the flow rate of the second fuel in the line

10  conducting the second fuel before they are merged in the line that supplies fuel to the internal
combustion engine, e.g. a marine engine. The position of a 3/2 way rotary disc valve that
interconnects the first fuel line, the second fuel line and the third line supplying the fuel to the
internal combustion engine, does not provide any information on the fractions of first and
second fuel that are actually present in the third fuel line, on account of the different viscosity

15 and pressure ratios of the types of fuel, so that the effects arising when mixing the types of
fuel have to be determined empirically according to the valve position. The same applies for
fuel-line arrangements where avalve each is provided in the first and in the second fuel line

and the composition of the fuel mixture is afunction of the setting of both valves.

20 Thefuel composition of the fuel mixture can be inferred from the flow rate of at least one fuel
- in particular if ameasurement of the flow rate also takes place in the third fuel line, it being
possible to regulate the fuel composition of the fuel mixture in a defined way by adjusting the
corresponding actuator, e.g. the 3/2 way rotary disc valve. Here adjusting the actuator can also
take place using the ratios of the flow rate of first or second fuel to the flow rate of the fuel

25  mixture.

To this end, acontrol system that is connected to the at least one flow rate measuring device
and acting on the at least one actuator for setting the fraction of the first fuel or for setting the
fraction of the second fuel in the fuel mixture and that can create a smooth transition from the

30  operation using afirst fuel to the operation using a second fuel, for example according to a



- in particular if a measurement of the flow rate also takes place in the third fuel line, it being possible
to regulate the fuel composition of the fuel mixture in a defined way by adjusting the corresponding
actuator, e.g. the 3/2 way rotary disc valve. Here adjusting the actuator can also take place using the
ratios of the flow rate of first or second fuel to the flgw rate of the fuel 25mixture. To this end, a control
system that is connected to the at least one flow rate measuring device and acting on the at least one
actuator for setting the fraction of the first fuel or for setting the fraction of the second fuel in the fuel
mixture apd {hat can Sreaic @ oot dransiton rom e, Raeperalion ising . sbiuel g thgoperation

g a second fuel, for example accordmg to a predéetermined ramp funcuon, using the flow rate
of the firstharejesindher ftes setecord dtesltbattbecohange in the flow rate or rates that occur. The inventive
method is particularly suitable for marine engines that must be operated 5alternately with heavy oil and
diesel oil, in particular marine diesel oil (MDO), marine gas oil (MGO) or other low-viscous distillates.
HoweverT tHea nmentivd risettiod s i @ulfant y Hudelaledoramaforesmmet leat gnuss epepertaiddusing diesel and
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(MGO) or other low-viscous distillates. However, the method is al so suitable for other

engines, for example engines operated using diesel and rapeseed ail.



5fuel to a second fuel, comprising the steps of a) operating the internal combustion engine using the
first fuel, b) lowering the fraction of the first fuel in the fuel line supplying the internal combustion
engine and increasing the fraction of the second fuel in the fuel line supplying the internal combustion
engine, 10c) operating the internal combustion engine using a fuel mixture comprising the first fuel and
the second fuel, and d) repeating the steps b) and C) until the internal combustion engine is operated
only using the second fuel, characterized by the steps of 15determining the flow rate of the first fuel in

the line conducting the first fuel and/or det%% Bﬁteﬁ Elﬂv@ate of the second fuel in the line

conducting the second fuel and adjusting t irst fuel and the fraction of the second fuel
in the fuel mixture based on the flow rate of the first fuel and/or second fuel. 20 2.The method
according to Claim 1, characterised by determining the flow rate of the fuel of fuel mixture conducted in
the fuel line supplying the internal combustion engine, adjusting the fraction of the first fuel and the
fraction df.the sAcmethéadioinsthiechiagithefulet sagply {oanenising toentaush af dngifleviroate dirshe first fuel
and/gr s%g\r}%gjel a?]g *ha flc(:)éN 2 Irart]e 8']; trslte fg%lfmixture. 3.The method according to one of the
preceding claims, charac grisea in that a jusei'?ng

a) operating the internal combustion engine using the first fuel,

b) lowering the fraction of the first fuel in the fud line supplying the interna
combustion engine and increasing the fraction of the second fud in the fuel line
supplying the internal combustion engine,

10 c) operating the internal combustion engine using a fuel mixture comprising the first
fuel and the second fuel, and
d) repeating the steps b) and ¢) until the internal combustion engineis operated only
using the second fuel,
characterized by the steps of

15 determining the flow rate of the first fuel in the line conducting the first fuel and/or
determining the flow rate of the second fuel in the line conducting the second fuel and
adjusting the fraction of the first fuel and the fraction of the second fuel in the fuel

mixture based on the flow rate of the first fuel and/or second fuel.

20
2. The method according to Claim 1, characterised by determining the flow rate of the
fuel of fuel mixture conducted in the fuel line supplying the internal combustion engine,
adjusting the fraction of thefirst fuel and the fraction of the second fuel in the fuel mixture
taking place using the ratio of the flow rate of the first fuel and/or second fuel and the flow
25 rate of the fuel mixture.

3. The method according to one of the preceding claims, characterised in that adjusting
the fraction of the first fuel and the fraction of the second fuel in the fuel mixture takes place

30 usinga3/2way rotary disc valve.



the fraction of the first fuel and the fraction of the second fuel in the fuel mixture takes place 30using a
3/2 way rotary disc valve. -5- 4. The method according to one of the preceding claims, characterised
in that the first fuel is heavy oil and the second fuel is diesel oil. 5 5. The method according to one of
the preceding claims, characterised in that the internal combustion engine is a marine engine. 106.A
system for switching the fuel supply to an internal combustion engine from a first fuel to a second fuel,
having a first fuel line conducting a first fuel, 15- a second fuel line conducting a second fuel, a third
fuel line connecting the first and the second fuel line and supplying the internal combustion engine with
fuel, and 20- at least one actuator for regulating the flow rate in the first and in the second fuel line,
charactedsed byhe metraid eastrdimgflownaté the pseoeding elatesaotzangetdrinethin fiinst thelfinse and/or in

the 25sefoRdTHENS 3 the second fuel is diesel oil.

5. The method according to one of the preceding claims, characterised in that the internal

combustion engine is a marine engine.
10 6. A system for switching the fuel supply to an internal combustion engine from afirst
fuel to a second fuel, having
— afirst fud line conducting afirst fuel,
15 — asecond fud line conducting a second fuel,

— athird fud line connecting the first and the second fuel line and supplying the internal

combustion engine with fuel, and
20 — at least one actuator for regulating the flow rate in the first and in the second fuel line,
characterised by

at least one flow rate measuring device arranged in the first fuel line and/or in the
25 second fuel line, and
acontrol system connected to the at least one flow rate measuring device and acting on the at
least one actuator for adjusting the fraction of the first fuel or adjusting the fraction of the

second fuel in the fuel mixture using the flow rate of thefirst fuel and/or the second fuel.

30



a control system connected to the at least one flow rate measuring device and acting on the at least
one actuator for adjusting the fraction of the first fuel or adjusting the fraction of the second fuel in the
fuel mixture using the flow rate of the first fuel and/or the second fuel. -6- 7. The system according to
Claim 6, characterised in that the at least one actqa6tc_)r are is a 3/2 way rotary disc valve
interconnecting the first fuel line, the second fuel line and the third fuel line. 5 8. The system according
to one of Claims 6 and 7, characterised in that the internal combustion engine is a marine engine.
109.The gystem aceording {0.00F-8R SR 8 '%-2haraeisrived IRdhptdlls Sretdughis panyzol and
the second fuel is'diésel oi

3/2 way rotary disc valve interconnecting the first fuel line, the second fuel line and the third

fud line.

8. The system according to one of Claims 6 and 7, characterised in that the internd

combustion engine is a marine engine.

10 o The system according to one of Claims 6 to 8, characterised in that the first fuel is

heavy oil and the second fuel is diesel ail.



