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Description

Technical Field

[0001] The present invention refers to a fuel supply
system for supplying a fuel emulsion to a fuel injection
system of an internal combustion engine, in particular ofa

marine engine.

Technological Background

[0002] Due to environmental regulations, marine ves-
sels, such as ferries, cruise ships or cargo ships, are
subjected to strict restrictions regarding emissions. Re-
centregulations introduced by the International Maritime
Organization (IMO), for example, aim on reducing green-
house gas emissions of ships. For verifying their com-
pliance, the IMO has introduced different measures to
determine energy efficiency of ships, such as the Energy
Efficiency Existing Ship Index (EEXI) and the Energy
Efficiency Design Index (EEDI).

[0003] To reduce greenhouse gas emissions and thus
to fulfill regulatory requirements, it is known to operate
marine engines on alternative fuels, such as liquified
petroleum gas, compressed natural gas, liquid natural
gas, biomethane, ethanol, methanol and hydrogen.
Techniques are known according to which a primary fuel,
such as diesel, of marine engines is mixed and thus
combusted together with alternative fuels. For doing
so, it is known to separately introduce the primary and
alternative fuel into cylinders of the engine. This ap-
proach, however, requires injection mechanisms for both
the primary fuel and the alternative fuel.

[0004] According to another approach, it is known to
mix the primary fuel and the alternative fuel together prior
to being injected to the cylinders of the engine. However,
the primary fuel and the alternative fuel may be two
normally immiscible liquids which, when mixed together,
form an emulsion. The phase segregation in such an
emulsion may affect the combustion process in the en-
gine and may thus result in unfavorable operating con-
ditions.

Summary of the Invention

[0005] Starting from the prior art, it is an objective to
provide an improved fuel supply system which in parti-
cular enables an internal combustion engine to efficiently
run on a fuel mixture comprising two normally immiscible
liquid fuels.

[0006] This objective is solved by the subject matter of
the independent claim. Preferred embodiments are set
forth in the present specification, the Figures as well as
the dependent claims.

[0007] Accordingly, a fuel supply system of an internal
combustion engine, in particular of a marine diesel en-
gine, is provided. The fuel supply system is intended for
supplying a fuel emulsion to a fuel injection system of the
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engine and, for doing so, comprises at least one blending
unit comprising a static mixer and configured to blend a
primary fuel and a secondary fuel to provide the fuel
emulsion prior to being supplied to the fuel injection
system.

Brief Description of the Drawings

[0008] The present disclosure will be more readily
appreciated by reference to the following detailed de-
scription when being considered in connection with the
accompanying drawings in which:

Figs. 1a and 1b each schematically show an embo-
diment of a fuel supply system of an internal combus-
tion engine;

Figs. 1c and 1d schematically show examples of a
blending unit according to the embodiments of Figs.
1a and 1b, respectively;

Fig. 2 shows a video-microscopy image of a sample
of a fuel emulsion provided by a fuel supply system;
Fig. 3 shows a video-microscopy image of another
sample of a fuel emulsion provided by a fuel supply
system;

Figs. 4a and 4b schematically show examples of a
buffer tube according to further embodiments of a
fuel supply system.

Detailed Description of Preferred Embodiments

[0009] In the following, the invention will be explained
in more detail with reference to the accompanying Fig-
ures. In the Figures, like elements are denoted by iden-
tical reference numerals and repeated description there-
of may be omitted in order to avoid redundancies.
[0010] Figure 1a depicts an internal combustion en-
gine system 10 of a vessel including a fuel supply system
12 and an internal combustion engine 14, referred to as
"the engine" in the following. In the shown configuration,
the engine 14 is a medium speed combustion engine
provided in the form of a marine diesel engine. However,
the present invention is not limited to this specific appli-
cation and may be applied in different technical fields and
applications, such as in internal combustion engine sys-
tems used in power plants or vehicles as a main or
auxiliary engine or the like. Further, it is apparent to the
skilled person thatthe suggested fuel supply system 12 is
not limited to be used in combination with the engine 14 of
the shown configuration, but rather may be applied to any
suitable internal combustion engines, such as gasoline
engines.

[0011] In the shown configuration, the engine 14 in-
cludes a plurality of cylinders and a corresponding num-
ber of piston assemblies disposed therein (not shown).
The engine 14 may include any number of cylinders
which may be arranged according an "in-line" configura-
tion, a "V-configuration", or any other known cylinder
configuration. Each cylinder is provided with a combus-
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tion chamber delimited by a cylinder wall and a piston
accommodated therein. During operation of the engine
14, each one of the combustion chambers is supplied
with a fuel medium and intake air which are to be ignited
therein so as to produce high-temperature and high-
pressure gases, thereby applying forces to and thus
axially move the associated pistons. In this way, chemical
energy is transformed into mechanical energy.

[0012] For supplying the fuel medium into the combus-
tion chambers, the engine 14 comprises a fuel injection
system 16 configured for injecting the fuel medium, in
particular a liquid fuel medium into the respective com-
bustion chambers of the engine 14. The fuel injection
system 16 will be further specified below with reference to
Fig. 1a.

[0013] For supplying intake air into the combustion
chambers, the engine further comprises an air intake
system (not shown) comprising a plurality of air intake
valves opening into the respective combustion chambers
and configured for selectively directing intake air into the
combustion chambers.

[0014] Further, for expelling combustion gases from
the combustion chambers, i.e. after combustion of the
fuel mixture took place, the engine 14 further comprises
an exhaust gas system (not shown) comprising a plurality
of exhaust gas valves configured for selectively expelling
exhaust gases from the combustion chambers.

[0015] The fuel injection system 16 comprises a fuel
receiving line 18 which is configured to receive a fuel
medium from the fuel supply system 12. Upon receiving
the fuel medium, the fuel receiving line 18 is configured to
guide the received fuel medium to a plurality of injection
pumps 20 which pressurize and inject the fuel medium
into the respective combustion chambers of the engine
14. The number of injection pumps 20 may correspond to
the number of cylinders of the engine 14. The fuel injec-
tion pumps 20 are connected to a fuel return line 22 via a
fuel bypass line 24 to direct unspent fuel, i.e. fuel passing
the injection pumps 20 without being injected into the
combustion chambers, to the fuel supply system 12.
Alternatively, instead of the injection pumps 20, a com-
mon rail and an associated high pressure pump may be
used to supply pressurized fuel medium to the combus-
tion chambers via corresponding injectors. The fuel in-
jection system 16 further comprises a filter 26 installed in
the fuel receiving line 18 to filter contaminants from the
fuel medium supplied to the fuel injection system 16 prior
to being directed to the fuel pumps 20.

[0016] The basic structure and function of such an
engine 14 and its components, in particular the air intake
system, the exhaust gas system and the fuel injection
system 16, are well known to a person skilled in the art
and are thus not further specified. Rather, characteristics
of the combustion engine system 10, in particularly the
fuel supply system 12, which are interlinked with the
present invention are addressed in the following.
[0017] The fuel supply system 12 is intended and
configured for supplying a fuel emulsion to the fuel injec-
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tion system 16 of the engine 14. In the context of the
present disclosure, the term "fuel emulsion” refers to a
fuel medium provided as a mixture of two or more liquid
fuels that are normally not soluble or miscible with one
another owing to liquid-liquid phase separation.

[0018] The fuel emulsion comprises or consists of a
primary fuel, also referred to as primary fuel medium, and
a secondary fuel, also referred to as secondary fuel
medium. In the fuel emulsion, the primary fuel may con-
stitute a continuous phase and the secondary fuel may
constitute a dispersed phase, or vice versa. In other
words, in the fuel emulsion, the secondary fuel may be
dispersed in the continuous phase formed by the primary
fuel, or vice versa. The primary fuel and the secondary
fuel may be in a liquid phase, in particular when being
supplied to the fuel supply system 12.

[0019] Inthe shown configuration, the primary fuel is a
fuel oil or diesel fuel, in particular marine diesel oil, more
particularly marine diesel oil according to the standard
ISO 8217.In an alternative configuration, the primary fuel
may be gasoline.

[0020] The secondary fuel may be at least one of
methanol, ammonia, liquid natural gas and hydrogen.
Inthe shown configuration, the secondary fuel comprises
or is composed of methanol.

[0021] By providing the fuel emulsion, the secondary
fuel, particularly methanol, substitutes a part of the pri-
mary fuel, particularly marine diesel oil. As the combus-
tion of the secondary fuel, i.e. methanol, generates less
greenhouse gases, in particular less carbon dioxide,
compared to the combustion of the primary fuel, i.e.
marine diesel oil, the overall pollutant emission of the
engine may be reduced when running on the fuel emul-
sioninstead of exclusively on the primary fuel. In this way,
the suggested fuel supply system enables to reduce
EEIX or EEDX of the vessel being equipped with the
combustion engine system 10.

[0022] Specifically, the fuel emulsion, in particular
when being supplied to the fuel injection system 16,
may comprise a volume or mass fraction of up to 80%
of the secondary fuel. For example the fuel emulsion may
comprise a volume fraction of the secondary fuel of
substantially 70% or substantially 60% or substantially
50%.

[0023] In the context of the present invention, it has
been found that, directing a fuel emulsion into combus-
tion chambers of an engine may affect combustion prop-
erties and thus operation of the engine. This may parti-
cularly be the case when the fuel emulsion is not properly
blended before being injected into the cylinders of the
engine, thereby possibly leading to unstable and, among
cylinders, to uneven combustion phenomena.

[0024] The suggested fuel supply system 12 is
equipped with a blending unit 30 comprising a static mixer
31 and configured to blend the primary fuel and the
secondary fuel to provide or generate the fuel emulsion
prior to being supplied to the fuel injection system 16. In
an alternative embodiment, the fuel supply system may
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comprise multiple blending units, e.g. two blending units
30a,b, in particular a first blending unit 30a and a second
blending unit 30b as exemplarily depicted in Figure 1b. By
being provided with at least one of the two blending units
30a,b, the suggested fuel supply system 12 may con-
tribute to preventing the engine 14 from being subjected
to the above described undesired combustion phenom-
ena or to counteract these combustion phenomena.
[0025] In the following, the structural and functional
configuration of the blending unit 30 comprising the static
mixer 31 is described which may apply to any one or both
of the two blending units 30a,b employed in the fuel
supply system 12. In the context of the present disclo-
sure, the term "static mixer" refers to a mixer for the
continuous mixing of at least two fluids, which has no
actuated or moving components.

[0026] Specifically, the static mixer 31 may be provided
in the form of a tubular internal that produces the desired
blending and dispersion effects as the primary and sec-
ondary fuels flow around motionless mixer parts of the
static mixer 31. Accordingly, the energy needed for pro-
vided the desired blending and dispersion is provided by
means of the fluid flow which is provided by pumps
already existent in a typical fuel supply system.

[0027] More specifically and with reference to Figures
1c and 1d, the blending unit 30 may comprise two sepa-
rate inlets, in particular a first T-inlet 66 and a second T-
inlet 68 connected by means of a T-piece 64, wherein the
first and second T-inlet 66, 68 are arranged upstream of
the T-piece 64. The T-piece 64 may have a T-outlet 70 at
its downstream side by means of which the T-piece 64
may be fluidly connected to the static mixer 31. In the
context of the present disclosure, the terms "upstream”
and "downstream" refer to a flow direction of the fuel
emulsion through the fuel supply system 12. The struc-
tural arrangement of the T-piece 64 within the blending
unit30 may be carried outin different manner, as depicted
in Fig. 1c,d.

[0028] Specifically, the static mixer 31 may comprise a
turbulator arrangement 78, in particular comprising at
least two grids of joint metal bars, indicated by the
crossed lines in Fig. 1a,c,d. More specifically, the least
two grids of joint metal bars may be arranged in an
interlaced manner for generating a turbulent flow. In this
way, the fuel emulsion can be created in an effective and
efficient manner.

[0029] As set forth above, the turbulator arrangement
78 may be constructed in the form of an insert, which can
be inserted in existing conduits. Specifically, the metal
bars may be casted and/or may be joint by welding or
brazing. In this way, the turbulator arrangement 78 may
be provided in a simple and efficient manner, even in
existing conduit designs. Furthermore, the turbulator ar-
rangement 78 may comprise alternative or additional
turbulator elements, such as dimples or fins.

[0030] Accordingly, the blending unit 30 comprising the
static mixer 31 may be operated without moving compo-
nents or external power. Thus, the blending unit 30 may
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be referred to as a non-actuated or passive blending unit.
In this way, the suggested static mixer 31 is very robust
and cost efficient.

[0031] As set forth above, the energy needed for pro-
viding the desired blending performance of the blending
unit 30 depends on the fluid flow at the inlet of the
blending unit 30 or the static mixer 31, respectively.
[0032] According to the embodiment shown in Fig. 1a,
the fuel supply system 12 comprises a buffer tube 32
configured for buffering a fuel medium, e.g. the primary
fuel or the fuel emulsion. Further, the fuel supply system
12 has a primary fuel supply line 34 connecting a primary
fuel storage tank 101 to the buffer tube 32 and configured
for supplying the primary fuel to the buffer tube 32. The
blending unit 30 is installed downstream of the buffer tube
32.

[0033] The fuel supply system 12 further comprises a
dosing pump 62 connected to a secondary fuel storage
tank 102 by means of a secondary fuel supply line 38. The
dosing pump is configured for feeding a desired amount
of secondary fuel to the blending unit 30, in particular to
the second T-inlet 68 of the T-piece 64. The primary and
secondary fuel supply lines 34, 38 may comprise further
valves (not shown in Fig. 1a), e.g. a primary a primary fuel
supply valve 36 and a secondary fuel supply valve 40 as
depicted in Fig. 1b, for setting a desired flow rate of the
respective fluid at the inlets of the T-piece 64. The fuel
supply system 12 may further comprise a supply valve
controller 41 which is configured for controlling the pri-
mary fuel supply valve 36 and the secondary fuel supply
valve 40.

[0034] Specifically, the fuel supply system 12 com-
prises a control unit 54 configured for controlling the
supply valve controller 41 and/or for controlling a set of
pumps and valves of the fuel supply system 12 so as to
set a desired output power thereof and/or to set flow
characteristics thereof. In this way, a blending degree,
i.e. how fine dispersion in the fuel emulsion is to be set,
can be controlled. Specifically, the set of pumps and
valves of the fuel supply system 12 may comprise at
least one primary fuel supply valve 36, at least one
secondary fuel supply valve 40, at least one circulation
pump 52, and/or at least one dosing pump 62. Accord-
ingly, the control unit 54 may be connected to the supply
valve controller 41 and/or to the dosing pump 62 via
signaling lines, as indicated by dotted lines in Fig. 1a,b.
[0035] Accordingly, the fuel supply system 12, in parti-
cular the blending unit 30, is configured to provide or
process the fuel emulsion, in particular to process the
primary and secondary fuels, such that, upon being dis-
charged from the blending unit 30, the fuelemulsion has a
mean droplet size of dispersed phase which is smaller
than 100 wm. In other words, upon flowing through the
blending unit 30, the primary and secondary fuel are
blended such that at an outlet of the blending unit 30
the fuel emulsion has a mean droplet size of dispersed
phase, in particular formed by the secondary fuel, which
is smaller than 100 wm, for example which may be about
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10 wm. In the context of the presentinvention, it has been
found that, when applying the suggested fuel supply
system 12 in marine engine applications, in particular
in medium speed engine systems, generating a fuel
emulsion having a mean droplet size of dispersed phase
which is smaller than 100 pm in the fuel supply system 12
may enable to provide favorable combustion conditions
during operation of the engine 14. As to substance,
emulsionsin general are instable. Thatis, their properties
change over time and due to external influences. This
instability may resultin an increasing mean droplet size of
the dispersed phase of the fuel emulsion when being
guided through the fuel supply system 12 and the fuel
injection system 16. However, by providing the blending
unit 30 which generates the fuel emulsion having the
mean droplet size of dispersed phase which is smaller
than 100 wm, it may be ensured that the property, in
particular the mean droplet size of dispersed phase, of
the fuel emulsion injected into the combustion chambers
of the engine 14 allows for stable combustion conditions
and thus of proper operation of the engine 14.

[0036] For validating proper function of the blending
unit 30, the fuel emulsion generated by the blending unit
30 may be analyzed using video-microscopy. For doing
so, a sample of the generated fuel emulsion may be
removed, for example at an outlet of the blending unit
30 oratan outlet of the fuel supply system 12. Thereafter,
an optical electron microscope accompanied with a
charge-coupled device video camera may be used to
analyze the fuel emulsion and to determine that a mean
droplet size of the dispersed phase is smaller than a
predetermined value, e.g., smaller than100 pm. Fig. 2
and 3 show exemplary images recorded by the video
camera. Specifically, Fig. 2 depicts an image of a first
sample of the fuel emulsion which has passed the blend-
ing unit 30 when the fuel supply system 12is operatedina
first operating mode. Fig. 3 depicts an image of a second
sample of the fuel emulsion which has passed the blend-
ing unit 30 when the fuel supply system 12is operatedina
second operating mode. The second operating mode is
an operating mode in which the pumps of the fuel supply
system 12 are operated with more power and/or the
valves of the fuel supply system 12 are operated at higher
passage rates compared to the first operating mode.
Thus, for adapting the property of the fuel emulsion,
the operational mode or operational condition of the
set of pumps and valves of the fuel supply system 12,
in particular the input and output power of the pumps,
may be varied. Specifically, for adapting the property of
the fuel emulsion, the respective flow characteristics may
be varied by means of the set of pumps and valves, e.g.
the supply valve controller 41 and/or the dosing pump 62.
[0037] The fuel supply system 12 further comprises a
fuel emulsion recirculation line 46 which is connected to
an outlet of the fuel return line 22 of the fuel injection
system 16 and which opens into a recirculation inlet 72 of
the buffer tube 32. By such a configuration, the fuel supply
system 12 provides or comprises a fuel emulsion circuit
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48 configured for circulating the fuel emulsion through the
fuel supply system 12 and the fuel injection system 16. In
this way, unspent fuel emulsion, i.e. fuel emulsion which
is guided through the fuel injection system 16 but not
injected, can be redirected into the buffer tube 32. It has
been found that recirculating the fuel emulsion through
the fuel supply system 12 and the fuel injection system 16
may contribute to an improved stability of the fuel emul-
sion, i.e. may effectively counteract changes in physio-
chemical properties of the fuel emulsion over time. The
fuel emulsion circuit 48 is constituted by, i.e. comprises,
the fuel emulsion recirculation line 48 configured to re-
ceive unspent fuel emulsion form the fuel injection sys-
tem 16 and the fuel emulsion supply line 44 configured for
supplying the fuel emulsion to the fuel injection system
16.

[0038] Accordingly, the primary fuel supply line 34 may
also serve as afuel emulsion supply line 44. For example,
during a starting phase of the engine 14, the engine may
be operated only on the primary fuel such that the primary
fuel supply line 34 only supplies the primary fuel. Accord-
ingly, during the starting phase the buffer tube may con-
tain only or predominantly the primary fuel. The starting
phase may be followed by a mixing phase in which the
secondary fuel is mixed with the primary fuel by means of
the blending unit 30 as set forth above. The primary fuel
can then be replaced by the fuel emulsion within the
buffer tube 32 by means of the fuel emulsion recirculation
line 46 and the fuel emulsion circuit 48. Accordingly, the
primary fuel supply line 34 then serves in the form of the
fuel emulsion supply line 44 to supply the fuel emulsion.
The mixing phase may be followed by a shutdown phase
in which the feeding of the secondary fuel can be reduced
until only or predominantly the primary fuel is supplied to
the blending unit 30 and to the engine 14 accordingly.
Thus, in the shutdown phase, the fuel emulsion recircu-
lation line 46, and thus also the buffer tube 32, can contain
only or predominantly the primary fuel.

[0039] The fuel supply system 12 optionally comprises
one or more heat exchanger units 50, in particular cooler
units, which may be installed in the fuel emulsion recir-
culation line 48 and/or the fuel emulsion supply line 44.
Specifically, the heat exchanger unit 50 may comprise
one heat exchanger or a plurality of heat exchangers
connected in series. The heat exchanger units 50 may be
installed in the fuel emulsion recirculation line 48 and/or
the fuel emulsion supply line 44 such that the fuel emul-
sion may be selectively guided through or bypass the
heat exchanger unit 50 as indicated in Fig. 1a by bypass
lines and corresponding valves.

[0040] Optionally, one or more sensor units 56 may be
provided. In the shown configuration four sensor units
56a-d are installed at different positions as depicted in
Fig. 1aorFig. 1b, respectively. Itis noted that each sensor
unit 56a-d is optional and that more than one sensor unit
56a-d may be provided. The sensor units 56a-d may be
configured to determine at least one physical or chemical
characteristic of the fuel emulsion. Specifically the phy-
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sical or chemical characteristic may be indicative of or
may be at least one of density, viscosity, dielectricity,
temperature, pressure, flow velocity, mass fraction and
volume fraction of the secondary fuel.

[0041] Afirstsensorunit56amay beinstalledinthe fuel
injection system 16 between the filter 26 and the injection
pumps 20. A second sensor unit 56b may be arranged
downstream of the blending unit 30 and upstream of the
fuel injection system 16 or the filter 26. A third sensor unit
56¢ may be installed in the fuel emulsion supply line 44, in
particular downstream of the buffertube 32 and upstream
of circulation pumps 52 (see Fig. 1b). A fourth sensor unit
56d may be installed in the fuel emulsion recirculation line
46, in particular upstream of the buffer tube 32 and down-
stream of the heat exchanger unit 50.

[0042] A fifth sensor unit 58 may be installed in the
primary fuel supply line 34, as depicted in Fig. 1b. Thefifth
sensor unit 58 may be configured to determine at least
one characteristic being indicative of or being a volume
flow, mass flow, flow velocity, pressure and temperature
of the primary fuel flowing therethrough.

[0043] A sixth sensor unit 60 may be installed in the
secondary fuel supply line 38, as depicted in Fig. 1b. The
sixth sensor unit 60 may be configured to determine at
least one characteristic being indicative of or being a
volume flow, mass flow, flow velocity, pressure and tem-
perature of the primary fuel flowing therethrough.
[0044] The control unit 54 may be configured to control
operation of the blending unit 30, in particular by control-
ling the set of pumps and valves as set forth above, e.g.
the dosing pump 62 and/or the supply valve controller 41,
in dependence on the at least one characteristic deter-
mined by one or more of the first to sixth sensor unit 56a-
d, 58, 60. Further, the control unit 54 may be configured to
control, in dependence on the characteristic determined
by the first to sixth sensor unit 56a-d, 58, 60, the supply of
the primary fuel via the primary fuel supply line 34 and the
supply of the secondary fuel via the secondary fuel supply
line 38. For doing so, the control unit 54 may be config-
ured to control operation of the primary fuel supply valve
36 and the secondary fuel supply valve 40. In this way, the
control unit 54 is enabled to set a desired composition of
the fuel emulsion, particularly a desired volume or mass
fraction of the secondary fuel in the fuel emulsion.
[0045] According to the embodiment shown in Fig. 1b,
the fuel supply comprises two blending units 30a,b. Ac-
cordingly, a first blending unit 30a is provided to direct the
emulsion fuel into a buffer tube 32. In other words, the first
blending unit 30a is installed upstream of the buffer tube
32, that is upstream of an outlet of the buffer tube 32.
[0046] Thefirstblendingunit30a comprises afirstinlet,
in particular in the form of the first T-inlet 66, configured to
receive the primary fuel, in particular exclusively the
primary fuel. As such, the first inlet is fluid-communica-
tively connected to the primary fuel supply line 34 via
which the primary fuel, in particular exclusively the pri-
mary fuel, is selectively supplied to the first blending unit
30a. The primary fuel supply line 34 may connect the
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primary fuel storage tank (not shown) to the first blending
unit 30a. The primary fuel storage tank may be configured
to store the primary fuel. The storage capacity of the
primary fuel storage tank may be greater, in particular
substantially greater, than the storage capacity or volume
of the buffer tube 32. For selectively supplying the pri-
mary fuel to the first blending unit 30a, the primary fuel
supply valve 36 is installed in the primary fuel supply line
34.

[0047] Further, the first blending unit 30a comprises a
second inlet, in particular in the form of the second T-inlet
68, configured to receive the secondary fuel, in particular
exclusively the secondary fuel. As such, the second inlet
is fluid-communicatively connected to the secondary fuel
supply line 38 via which the secondary fuel, in particular
exclusively the secondary fuel, is selectively supplied to
the first blending unit 30a. The secondary fuel supply line
38 may connect the secondary fuel storage tank (not
shown) to the first blending unit 30a. The secondary fuel
storage tank may be configured to store the secondary
fuel. The storage capacity of the he secondary fuel sto-
rage tank may be greater, in particular substantially
greater, than the storage capacity of the buffer tube 32.
For selectively supplying the secondary fuel to the first
blending unit 30a, the secondary fuel supply valve 40 is
installed in the secondary fuel supply line 38.

[0048] Still further, the first blending unit 30a comprises
an outlet configured to direct the fuel emulsion generated
by the first blending 30a unit into the buffer tube 32. The
outlet is connected, in particular directly connected to an
input of the buffer tube 32 via the connecting line 42.
[0049] The fuel supply system 12 further comprises a
second blending unit 30b which is installed downstream
of the buffer tube 32. In the shown configuration, the
second blending unit 30b is optional. Specifically, the
fuel supply system 12 comprises a fuel emulsion supply
line 44 which connects the buffer tube 32, in particular an
outlet of the buffer tube 32, to the fuel receiving line 18 of
the fuel injection system 16. The second blending unit
30b is installed in the fuel emulsion supply line 44. As set
forth above, compared to the first blending unit 30a, to
which the primary and secondary fuels are supplied
separately via two inlets, the second blending unit 30b
comprises one single inlet via which the emulsion fuel
discharge from the buffer tube 32 is received. In other
words, the second blending unit 30b comprises the inlet
for receiving the fuel emulsion from the buffer tube 32 and
the outlet configured to direct the fuel emulsion after
being processed in the second blending unit 30b to the
fuel injection system 16 of the engine 14. By this config-
uration, the fuel emulsion may be blended in two stages.
The emulsion fuel is guided through the second blending
unit 30b and thereby processed to provide finer disper-
sions in the fuel emulsion. In this configuration, an outlet
of the second blending unit 30b is connected to an inlet of
the fuel injection system 16 via the fuel emulsion supply
line 44. Thus, fuel emulsion guided through the fuel
emulsion supply line 44 is directed to the fuel receiving
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line 18 of the fuel injection system 16.

[0050] Further, in the shown configuration, the fuel
supply system 12 comprises two circulation pumps 52
and a heat exchanger unit 50 installed in the fuel emul-
sion supply line 44, in particular downstream of the buffer
tube 32 and upstream of the second blending unit 30b.
The circulation pumps 52 are configured to selectively
subject the fuel emulsion flowing therethrough to a pres-
sure difference to set a desired flow, for example having a
desired flow velocity, through the fuel emulsion circuit 48.
It should be noted that, while two circulation pumps 52
disposed in parallel are provided in the shown configura-
tion, in other configurations, more or less than two circu-
lation pumps may be provided.

[0051] According to an alternative embodiment, the
primary and the secondary fuel may be supplied to two
separate inlets of the buffer tube 32. Accordingly, the
blending unit may be installed downstream of the buffer
tube and can have one single inlet connected to an outlet
of the buffer tube 32. In this configuration, the primary and
the secondary fuel may be pre-mixed within the buffer
tube, e.g. by means of a deflecting element 74 and/or an
agitator 76 as depicted in Figures 4a,b. In this case the
static mixer 31 of the blending unit 30 may contribute to
improving the blending of the already pre-mixed fuel
emulsion.

[0052] In the context of the present invention, it has
been found that, the design of the buffer tube 32 may be
adapted such that the blending quality of the fuel emul-
sion within the buffer tube 32 can be further improved by
providing further configurations which are described in
the following.

[0053] According to one configuration, the buffer tube
volume is specified such that a buffer displacement rate
does not exceed 7 minutes, particularly 5 minutes, more
particularly 3 minutes, while the engine is being operated
at full load, wherein the buffer displacement rate is a
function atleast ofthe engine load, the buffer tube volume
and a set of fuel supply conduit characteristics including
flow velocity and cross-section. In other words, the size of
the buffer tube 32 is limited such that the buffer tube
volume substantially corresponds to an amount of fuel
sufficient to maintain the engine operating for 7, 5 or 3
minutes at full load. In this way, due to the limited size of
the buffer tube 32, there is sufficient flow within the buffer
tube 32 at most engine operating modes to prevent
significant decomposition of the fuel emulsion or segre-
gation of the primary and secondary fuel, respectively.
For example, a 5 MW engine may have a buffer tube
volume of about 60-120 liter in order to ensure sufficient
flow within the buffer tube 32.

[0054] Additionally or alternatively, with reference to
Figure 4a, the buffer tube 32 may have a recirculation
inlet 72 configured for receiving the unspent fuel from the
fuel emulsion recirculation line, wherein the buffer tube
32 may have at least one deflection element 74, in
particular a deflection conduit 74 and/or a turbulator
and/or a baffle, configured for deflecting the unspent fuel
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discharged from the recirculation inlet 72. In this way, the
flow characteristics within the buffer tube 32 may be
further improved, e.g. by means of turbulences, in order
to prevent segregation of the fuel emulsion.

[0055] Additionally or alternatively, with reference to
Figure 4b, the buffer tube may comprise an agitator 76
configured for agitating the fluid within the buffer tube 32,
e.g. by means of rotating paddles. In this way, the flow
characteristics within the buffer tube 32 may be further
improved.

[0056] It will be obvious for a person skilled in the art
that these embodiments and items only depict examples
of a plurality of possibilities. Hence, the embodiments
shown here should not be understood to form a limitation
of these features and configurations. Any possible com-
bination and configuration of the described features can
be chosen according to the scope of the invention. This
particularly applies in view of the technical features de-
scribed in the following.

[0057] A fuel supply system of an internal combustion
engine, in particular of a marine diesel engine, may be
provided for supplying a fuel emulsion to a fuel injection
system of the engine, including at least one blending unit
comprising a static mixer and configured to blend a
primary fuel and a secondary fuel to provide the fuel
emulsion prior to being supplied to the fuel injection
system.

[0058] The primary fuel may be fuel oil or diesel fuel.
Alternatively or additionally, the secondary fuel may be at
least one of methanol, ammonia, liquid natural gas and
hydrogen. For example, the secondary fuel may be
methanol.

[0059] The fuel emulsion provided by the fuel supply
system, in particular by the blending unit, may have a
selectable volume fraction of up to 80 % of the secondary
fuel, for example 70 % or substantially 70% of the sec-
ondary fuel.

[0060] The static mixer may comprise a turbulator ar-
rangement, in particular comprising at least two grids of
joint metal bars.

[0061] The blending unit may be configured to provide
or process the fuel emulsion such that, upon being dis-
charged from the blending unit, the fuel emulsion has a
mean droplet size of dispersed phase which is smaller
than 100 pm.

[0062] Alternatively or additionally, the fuel supply sys-
tem may comprise a primary fuel supply line for selec-
tively supplying the primary fuel into the blending unit, in
particular into a first inlet of the blending unit, and a
secondary fuel supply line for selectively supplying the
secondary fuel into the blending unit, in particular into a
second inlet of the blending unit.

[0063] Alternatively or additionally, the blending unit
may have a T-piece comprising a first T-inlet and a
second T-inlet of the blending unit on its upstream side
and being fluidly connected to the static mixer on its
downstream side.

[0064] Alternatively or additionally, the fuel supply sys-
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tem may comprise a buffer tube configured for buffering a
fuel medium, in particular the primary or secondary fuel or
the fuel emulsion, wherein the blending unit is installed
upstream or downstream of the buffer tube.

[0065] Alternatively, the fuel supply system may com-
prise a first blending unit installed upstream of the buffer
tube and a second blending unit installed downstream of
the buffer tube. Optionally, the first blending unit com-
prises a firstinlet configured to receive the primary fuel, a
second inlet configured to receive the secondary fuel and
an outlet configured to direct the fuel emulsion generated
by the first blending unit into the buffer tube. Optionally,
the second blending unit comprises an inlet for receiving
the fuel emulsion from the buffer tube and an outlet
configured to direct the fuel emulsion after being pro-
cessed in the second blending unit to the fuel injection
system of the engine.

[0066] Alternatively or additionally, the fuel supply sys-
tem may further comprise a fuel emulsion circuit config-
ured for circulating the fuel emulsion through the fuel
supply system and optionally the fuel injection system.
The fuel emulsion circuit may comprise a fuel emulsion
recirculation line configured to receive unspent fuel emul-
sion form the fuel injection system and a fuel emulsion
supply line configured for supplying the fuel emulsion to
the fuel injection system.

[0067] In a further development, the buffer tube may
have a recirculation inlet configured for receiving the
unspent fuel from the fuel emulsion recirculation line,
wherein the buffer tube may have at least one deflection
element, in particular a deflection conduit and/or a turbu-
lator and/or a baffle, configured for deflecting the unspent
fuel discharged from the recirculation inlet.

[0068] Alternatively or additionally, the fuel supply sys-
tem may further comprise at least one sensor unit con-
figured to determine at least one physical or chemical
characteristic of the fuel emulsion, in particular down-
stream of the at least one blending unit, and a control unit
configured to control the operation of the pumps and/or
valves of the fuel supply system in dependence on the
characteristic determined by the at least one sensor unit.
Specifically, the characteristic of the fuel emulsion may
be indicative of or may be at least one of: density, visc-
osity, dielectricity, temperature, pressure, flow velocity,
mass fraction of the secondary fuel and volume fraction of
the secondary fuel. In a further development, the control
unit may be configured to control, in dependence on the
characteristic determined by the sensor unit, atleast one
of a supply of the primary fuel to the blending unit and a
supply of the secondary fuel to the blending unit.
[0069] Inafurtherdevelopment, the buffertube volume
may be specified such that a buffer displacement rate
does not exceed 7 minutes, particularly 5 minutes, more
particularly 3 minutes, while the engine is being operated
atfullload, wherein the buffer displacement rate may be a
function atleast ofthe engine load, the buffer tube volume
and a set of fuel supply conduit characteristics including
flow velocity and cross-section.
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[0070] In a further development, the buffer tube may
comprise an agitator configured for agitating a fluid within
the buffer tube.

Industrial Applicability

[0071] With reference to the Figures, a fuel supply
system of an internal combustion engine is suggested.
The fuel supply system as mentioned above is applicable
in any suitable internal combustion engine. The sug-
gested fuel supply system unit may replace conventional
fuel supply systems and may serve as a replacement or
retrofit part.

Claims

1. Afuel supply system (12) of an internal combustion
engine (14), in particular of a marine diesel engine,
for supplying a fuel emulsion to a fuel injection sys-
tem (16) of the engine (14), including at least one
blending unit (30) comprising a static mixer (31) and
configured to blend a primary fuel and a secondary
fuel to provide the fuel emulsion prior to being sup-
plied to the fuel injection system (16).

2. Thefuel supply system according to claim 1, wherein
the primary fuel is fuel oil or diesel fuel and/or where-
in the secondary fuel is at least one of methanol,
ammonia, liquid natural gas, and hydrogen.

3. The fuel supply system according to claim 1 or 2,
wherein the fuel emulsion provided by the blending
unit (30) comprises a selectable volume fraction of
the primary fuel and the secondary fuel of the emul-
sion, in particular up to 80 % of the secondary fuel.

4. The fuel supply system according to any one of
claims 1 to 3, wherein the static mixer (31) comprises
a turbulator arrangement (78), in particular compris-
ing at least two grids of joint metal bars.

5. The fuel supply system according to any one of
claims 1 to 4, wherein the blending unit (30) is con-
figured to process the fuel emulsion such that, upon
being discharged from the blending unit (30), the fuel
emulsion has a mean droplet size of dispersed
phase which is smaller than 100 pm.

6. The fuel supply system according to any one of
claims 1to 5, further comprising a primary fuel supply
line (34)for selectively supplying the primary fuel into
the blending unit (30), in particular into a first inlet
(66) of the blending unit (30a), and a secondary fuel
supply line (38) for selectively supplying the second-
ary fuel into the blending unit (30), in particular into a
second inlet (68) of the blending unit (30a).
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The fuel supply system according to claim 6, wherein
the blending unit (30) has a T-piece (64) comprisinga
first T-inlet (66) and a second T-inlet (68) of the
blending unit (30) on its upstream side and being
fluidly connected to the static mixer (31) on its down-
stream side.

The fuel supply system according to any one of
claims 1 to 7, further comprising a buffer tube (32)
configured for buffering a fuel medium, wherein the
blending unit (30) is installed upstream or down-
stream of the buffer tube (32).

The fuel supply system according to any one of
claims 1 to 7, comprising a first blending unit (30a)
installed upstream of a buffer tube (32) and a second
blending unit (30b) installed downstream of the buf-
fer tube (32), wherein in particular:

the first blending unit (30a) comprises afirstinlet
(66) configured to receive the primary fuel, a
second inlet (68) configured to receive the sec-
ondary fuel and an outlet (70) configured to
direct the fuel emulsion generated by the first
blending unit (30a) into the buffer tube (32); and
the second blending unit (30b) comprises an
inlet for receiving the fuel emulsion from the
buffertube (32) and an outlet configured to direct
the fuel emulsion after being processed in the
second blending unit (30b) to the fuel injection
system (16) of the engine (14).

The fuel supply system according to any one of
claims 1 to 9, further comprising a fuel emulsion
circuit (48) configured for circulating the fuel emul-
sion through the fuel supply system (12) and the fuel
injection system (16), wherein the fuel emulsion
circuit comprises a fuel emulsion recirculation line
(46) configured to receive unspent fuel emulsion
from the fuel injection system (16) and a fuel emul-
sion supply line (44) configured for supplying the fuel
emulsion to the fuel injection system (16).

The fuel supply system according to claim 9, wherein
the buffer tube (32) has a recirculation inlet (72)
configured for receiving the unspent fuel from the
fuel emulsion recirculation line (46),

wherein the buffer tube (32) has at least one deflec-
tion element (74), in particular a deflection conduit
(74) and/or a turbulator and/or a baffle, configured for
deflecting the unspent fuel discharged from the re-
circulation inlet (72).

The fuel supply system according to any one of
claims 1 to 11, further comprising at least one sensor
unit (56, 58, 60) configured to determine at least one
physical or chemical characteristic of the fuel emul-
sion, in particular downstream of the at least one
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13.

14.

15.

blending unit (30), and a control unit (54) configured
to control the operation of the pumps and/or valves of
the fuel supply system (12) in dependence on the
characteristic determined by the at least one sensor
unit (56, 58, 60), wherein the characteristic of the fuel
emulsion in particular is indicative of oris atleast one
of: density, viscosity, dielectricity, temperature, pres-
sure, flow velocity, mass fraction and volume fraction
of the secondary fuel.

The fuel supply system according to claim 12, where-
in the control unit (54) is configured to control, in
dependence on the characteristic determined by the
sensor unit (56, 58, 60), atleast one of a supply of the
primary fuel to the blending unit (30) and a supply of
the secondary fuel to the blending unit (30).

The fuel supply system according to any one of
claims 1 to 13, wherein the buffer tube volume is
specified such that a buffer displacement rate does
not exceed 7 minutes, particularly 5 minutes, more
particularly 3 minutes, while the engine is being
operated at full load,

wherein the buffer displacement rate is a function at
least of the engine load, the buffer tube volume and a
set of fuel supply conduit characteristics including
flow velocity and cross-section.

The fuel supply system according to any one of
claims 1 to 14, wherein the buffer tube (32) com-
prises an agitator (76) configured for agitating a fluid
within the buffer tube (32).
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