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(57) Abstract: The present disclosure refers to a fuel
injection system (100) configured to supply fuel as,
e.g., Pyrolysis Fuel Oil to injection nozzles (105) of
a large internal combustion engine (5). The tuel in-
jection system may comprise a fuel injection pump
(110) configured to measure tfuel as, e.g., Pyrolysis
Fuel Oil into correct amounts for injection, building

140
/

v VLW

up a high pressure, and delivering it to at least one
injection nozzle (105) of the large internal combus-
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tion engine (5) at the proper time. The fuel injection
pump (110) may include a pump barrel (10) extend-
ing along a longitudinal direction and having a bar-
rel inner wall (12), a plunger (13) configured to re-
ciprocate within the pump barrel (10) and guided by
the barrel inner wall (12), and a first groove (38)
formed in the barrel inner wall (12) at a first position
with respect to the longitudinal direction and always
covered by the reciprocating plunger (13). The fuel
injection system may further comprise an injection
nozzle (105) including an injection barrel (200) and
a valve needle (210) configured to reciprocate with-
in the injection barrel and guided by a barrel inner
wall (212). A barrel groove (232) may be formed in
the barrel inner wall at a position that is always
covered by the valve needle (210). A purging system
(125) may be provided to supply a purging fluid to

the first groove (38) of the fuel pump (110) and the barrel groove (232) of the injection nozzle (105).
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Description

FUEL INJECTION SYSTEM INCLUDING A PURGING SYSTEM FOR
PURGING A FUEL PUMP AND/OR AN INJECTION NOZZLE IN OPERA-
TION WITH PYROLYSIS FUEL OIL

Technical Field

The present disclosure generally refers to a fuel injection system
for supplying fuel, e.g. Pyrolysis Fuel Oil, to injection nozzles of a large internal
combustion engine. Furthermore, the present disclosure refers to an injection bar-
rel of an injection nozzle, an injection nozzle, a fuel injection system, a method
for purging an injection nozzle and a fuel injection pump conﬁgured to supply
fuel, e.g. Pyrolysis Fuel Oll to a large internal combustion engine, and use of
Pyrolysis Fuel Oil as a fuel for a fuel injection system of a large internal combus-

tion engine.

Background

Generally, the term “large internal combustion engine” may refer
to internal combustion engines which may be used as main or auxiliary engiﬁes
of ships/vessels such as cruiser liners, cargo ships, container ships, and tankers,
or in power plants for production of heat and/or electricity. In particular, large
internal combustion engines may be configured to burn at least one fuel selected
from the group consisting of Diesel, Marine Diesel Oil (MDO), Heavy Fuel Qil
(HFO) and the new Bio Fuel Pyrolysis Fuel Oil (Pyoil).

Pyrolysis Fuel Oil (Pyoil) is a critical fluid for injection systems
because it is very acidic (ph-value 2-3) and needs to be kept in a given tempera-
ture range (60-80°C) in order to have the right viscosity and to be far away from
risk of polymerization. If an engine needs to be stopped due to an emergency

alarm the remaining Pyoil inside the small clearance of the pump element and
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nozzle element leads to sticking plungers and / or needles due to polymerization

of the Pyoil itself. After a certain time there is no movement of the plunger and /

or needle possible anymore and the engine cannot be started after solving / repair
the reason for the emergency stop.

Fuel injection pumps for supplying fuel to injection nozzles of
large internal combustion engines are basically known. These pumps are config-
ured to measure fuel into correct amounts of oil injection, building up a high
pressure, and delivering it to the injection nozzles of the large internal combus-
tion engines at the proper time. Such a fuel injection pump may include a pump
barrel, the pump barrel extending along a longitudinal direction and having a bar-
rel wall. A plunger may be configured to reciprocate within the barrel and guided
by the barrel wall. A groove may be formed in the barrel wall at a position with
respect to the longitudinal direction and covered by the plunger. The injection
nozzle may be out of the state of the art, where a spring loaded valve needle is
guided inside an injection barrel and what opens the way to the spray holes when
a given injection pressure is created by the injection pump.

The present disclosure is directed, at least in part, to improving or

overcoming a problem of one or more aspects of prior art fuel injection systems.

Summary of the Disclosure

In a first aspect of the present disclosure an injection barrel for
guiding a valve needle of an injection nozzle may comprise a barrel inner wall
extending along a longitudinal direction and having a needle guiding section, a
barrel groove formed in the needle guiding section of the barrel inner wall, and a
purging fluid supply passage passing through the injection barrel for supplying a
purging fluid to the barrel groove.

In a second aspect of the present disclosure, an injection nozzle for
a fuel injection system for injecting fuel, e.g. Pyrolysis Fuel Oil, into a cylinder

of a large internal combustion engine, may include an injection barrel of the first
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aspect and a valve needle configured to reciprocate within the injection barrel and
having a first section guided by the valve needle guiding section of the barrel
inner wall, wherein the barrel groove is formed in the barrel inner wall at a posi-
tion with respect to the longitudinal direction that is always covered by the first
section of the valve needle.

In a third aspect of the present disclosure, a fuel injection system
configured to supply fuel, e.g. Pyrolysis Fuel Oil, to injection nozzles of a large
internal combustion engine, the fuel injection system may comprise at least one
injection nozzle according to the second aspect and a purging system connectable
to the purging fluid supply passage.

In a fourth aspect of the present disclosure, a method for purging

- an injection nozzle according to the second aspect of a fuel injection system,

which injection nozzle is configured to inject fuel, e.g. Pyrolysis Fuel Oil, into a
cylinder of a large internal combustion engine within e.g. a ship or generator set,
may comprise supplying a purging fluid to the barrel groove of the injection noz-
zle. 7

In a fifth aspect of the present disclosure, Pyrolysis Fuel Oil is
used as a fuel for a fuel injection system of a large internal combustion engine;
the fuel injection system may comprise at least one injection nozzle configured to
receive the fuel under pressure and including an injection barrel, which extends
along a longitudinal direction and has a barrel inner wall, and a valve needle con-
figured to reciprocate within the injection barrel and having a first section guided
by the barrel inner wall; wherein a barrel groove is formed in the barrel inner wall
at a position with respect to the longitudinal direction that is always covered by
the first section of the valve needle; and further comprising a purging system be-
ing configured to supply a purging fluid to the barrel groove.

Other features and aspects of this disclosure will be apparent from

the following description and the accompanying drawings.
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Brief Description of the Drawings

Fig. 1 shows a schematic block diagram of an exemplary
embodiment of a fuel injection system of the present disclosure;

Fig. 2 shows a schematic sectional view of a fuel injection pump
which may be adapted to be used in a fuel injection system shown in Fig. 1;

Fig. 3 shows a piston and purhp barrel adapted to be used in a fuel
injection pump as, e.g., shown in Fig. 2, and

Fig. 4 shows a schematic sectional view of an injection nozzle.

Detailed Description

Fig. 1 shows a schematic block diagram of an exemplary
embodiment of a fuel inj eétion system 100 configured to supply fuel as, e.g., Py-
rolysis Fuel Oil, to injection nozzles 105 of a large internal combustion engine 5.
In accordance with this exemplary embodimer}t of fuel injection system 100 each
injection nozzle 105 may be connected to an associated fuel injection pump 110
via a high-pressure fuel line 115. Each fuel injection pump 110 may be connected
to a fuel reservoir 120 via fuel supply lines 116. Furthermore, each fuel injection
pump 110 and each injection nozzle 105 may be connected to a purging system
125 via purging fluid supply lines 111. Purging system 125 may comprise a
common purging fluid pump 135. It is also contemplated that each fuel injection
pump 110 and each injection nozzle 105 may be connected to an associated, indi-
vidual purging fluid pump 135. Purging fluid pump 135 may be connected via a
purging fluid supply line 145 to a purging fluid reservoir 140. In addition, purg-
ing fluid pump 135 may be connected via a communication line to a control unit
180. The control unit 180 is connected to a 3way-valve 150 and to the purging
fluid pump 135. In case of an emergency shut down signal to the engine 5 the

purging fluid pump 135 is activated and the 3way-valve 150 connects the purging
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fluid pump 135 with the fluid supply lines 111 as shown in Fig.1. The purging
fluid is getting into the small element clearance of the injection pumps 110 and
into the small clearance of the nozzle elements of the injection nozzles 105.
When the engine 5 can be started again the stop signal has to be reseted and the
control unit 180 shuts the purging fluid pump 135 off and switches the 3way-
valve 150 into a second position, so that the purging fluid supply lines 111 are
connected to a drain tank 160. In this configuration the lines 111 are used as con-
ventional leakage drain lines of pump elements inside the injection pumps 110
and nozzle elements inside the injection nozzles 105.

In the following, further details of a fuel injection pump 110 are
provided with reference to Fig. 2. Referring to Fig. 2, the pump may comprise a
stepped pump barrel 10 which may be located within a housing 11. Formed in the
barrel may be a bore in which is formed a reciprocal plunger 13. The plunger may
extend from the end of the barrel 10 and may be p—ro;/ided with a pair of lateral
pegs 14 which may be located in grooves 15 respectively formed in an extension
of a control sleeve 16 which is mounted for angular movement about a cylindrical
portion 17 of the barrel 10. The control sleeve 16 may be provided with teeth for
engagement by a rack bar 18 in known manner. The plunger may have a foot 19
formed at its free end, the foot being engaged by a spring abutment 20 and this in
turn is engaged by one end of a coiled compression spring 21 the opposite end of
which may be in engagement with a flanged spring abutment 22 which may addi-
tionally serve to retain the sleeve 16 against axial movement.

The housing 11 may define a cylindrical guide surface 23 for a
cup shaped tappet 24 which in use, may be driven inwardlyAby the éction of an
engine cam either directly or indirectly through a rocker mechanism. During in-
ward movement of the tappet 24 the base wall thereof may engage with the foot
19 of the plunger 13 to impart inward movement of the plunger 13 against the
action of the spring. The spring 21 may return the plunger 13 and also the tappet

when so allowed by the cam.
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In known manner there may be provided in the wall of the bore a
pair of ports 26 which communicate with a fuel supply gallery 27 defined be-
tween the housing and the pump barrel 10. The ports 26 may be arranged to be
covered by the plunger 13 after a predetermined inward movement and thereafter
fuel will be expelled from the pumping chamber 28 defined in part by the end of
the plunger and the wall of the bore to an associated engine. The plunger may
also provided with a groove which is in communication with the pumping cham-
ber 28, the groove having a helical control edge 29 which may uncover one of the
ports 26 to the groove after a further inward movement of the plunger and when
the port may be uncovered to the groove fuel may spill from the pumping cham-
ber and may be returned to the supply gallery 27.The angular setting of the sleeve
and plunger may determine the point during the inward movement of the plunger
at which spill takes place and therefore the amount of fuel supplied to the associ-
ated engine.

Formed in the wall of the bore at a position intermediate the ports
26 and the end of the barrel 10 from which the plunger extends, may be a (sec-
ond) circumferential groove 30. This groove 30 may communicate by way of a
passage 31 in the barrel 10 with gallery 27. The groove 30 may be connected to
the gallery 27 so that substantially all the fuel which may leak from the pumping

- chamber due to the high pressure therein in use of the pump 110, will be col-

lected in the groove 30 and returned to the fuel supply gallery 27 via passage 31.

Dependent from the kind of fuel pumped within the fuel injection
pump 110 deposits, e.g. in form of deposits or layers may develop at the outer
surface of plunger 13 and/or the barrel inner wall 12, e.g. within the area between
ports 26 and cylindrical portion 17.

Another (first) groove 38 may be formed in the wall of the bore at
a position below second groove 30, in particular at a position which may be lo-
cated more far way from edge 29 than mentioned second groo;/e 30. Groove 38

may be connected to an inlet 33 of purging system 125 via passages 32, 39.
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One of the plurality of purging fluid supply lines 111 may be
connected to passage 32. Accordingly, purging fluid reservoir 140 may be con-
nected via supply line 145 and pump 135 to groove 38. Hence, groove 38 may be
supplied with purging fluid so that purging fluid may be supplied continuously,
frequently or on demand to groove 38. Consequently, the purging fluid may dis-
tribute from groove 38 into the minimum gap between the two contacting sur-
faces of plunger 13 and barrel bore, i.e. barrel inner wall 12, in direction to edge
29 and/or in direction to foot 19. The purging fluid may flush the Pyrolysis Fuel
Oil out of the small clearance between plunger and barrel and prevent it from
polymerization.

Referring to Fig. 3 a more schematic view of a similar piston 13
and barrel 10 as, e.g., to be used in a fuel injection pump 110 shown in Fig. 2, is
shown.

In this exemplary embodiment of plunger 13 and pumping barrel
10 for a fuel injection pump 110 the area of barrel inner wall 12 between grooves
30, 38 and/or even a larger area between edge 29 and lower cylindrical portion of
plunger 13 may come into contact with purging fluid supplied into groove 38. It
may be effective to provide the possibility to supply groove 38 with a purging
fluid, e.g. under pressure, for flush away any rests of Pyrolysis Fuel Oil out of the
small clearance between plunger 13 and/or barrel inner wall 12.

Fig. 4 shows a schematic sectional view of a injection nozzle 105.

. The injection nozzle 105 may comprise an injection barrel 200 with an inner bore

202 formed with a constant diameter along almost its whole length. At its one
end, the lower end in Fig. 4, the inner bore 202 is formed with a conical face 204,
which forms a transition between the bore 202 and a sac chamber 206. The sac
chamber 206 is connected to the outside by at least one nozzle orifice 208.

A valve needle 210 is accommodated within the bore 202 and is
formed with a first section 211 having a diameter corresponding to the diameter

of the bore 202, so that the first section 211 of the valve needle 210 is guided by a
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needle guiding section 212 formed by an upper section of an inner wall 213 of the
injection barrel 200 with a guiding clearance between the valve needle 210 and
the needle guiding section 212, which may have a width of e.g. 1/1000th of the
diameter of the first section 211 of the valve needle 210.

A second section 214 of the valve needle 210 is formed with a
smaller diameter so that an annular chamber 216 is formed between the second
section 214 and the inner wall 213 of the injection barrel 200. A free end of the
second section 214 may be formed with a conical or convex surface 218, which
ends in a protrusion 220 protruding into the sac chamber 206.

The detailed shape of the lower end of valve needle 210 and the
lower end of inner bore 202 may be of any design as known in the prior art as to
form a valve.

An end of the injection barrel 200 opposite to sac chamber 206 is
covered by a body member 222 so as to form a space 224, which accommodates
a spring 226. The spring 226 urges valve needle 210 into a downward direction,
so that convex surface 218 is pressed into sealing abutment against conical face
204. The diameter of space 224 may be smaller than the diameter of the first sec-
tion 211 of valve needle 210 so that an end surface of body member 222 forms a
stop for the opening movement of valve needle 210.

Annular chamber 216 is connected via a passage 230 to a high-
pressure fuel line 115 connected to a corresponding fuel injection pump 110.

A barrel groove 232 is forméd in the inner wall 212 of the
injection barrel 200 in a region, which is always covered by the first section 212
of the injection barrel 200. Barrel groove 232 is connected to a purging fluid sup-
ply line 111 (Fig. 1) by a passage 234.

Space 224 may be connected to a fuel supply line 116 (Fig. 1) or
the leakage tank 160 by a passage 236.

The function of the injection nozzle 105 is generally known. When

fuel under high pressure is supplied from an injection pump 110 to the annular
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chamber 216, valve needle 210 is pressed upwardly by the fuel pressure against
the force of spring 224. As soon as the upward force generated by the fuel pres-
sure is bigger than the downward force generated by spring 226, valve needle 210
moves in an upward direction (Fig. 4) so that surface 218 moves away from coni-
cal face 204, and fuel under pressure flows into sac chamber 206 and is injected
into a cylinder of the engine through nozzle orifice(s) 208. As soon as the fuel
pressure in annular chamber 216 decreases, valve needle 210 moves back, so that

surface 218 comes into sealing engagement with conical face 204.

Industrial Applicability

Referring to Figs. 1-4 the basic operation of a fuel injection pump
shown and how the purging method may be conducted will be explained. During
pumping fuel, e.g. Pyrolysis Fuel Oil, may leak in the gap between barrel inner
wall 12 and the outer surface of plunger 13 and in the gap between inner wall 212
of injection barrel 200 and valve needle 210. During stand still of the engine due
to e.g. an emergency stop the Pyrolysis Fuel Oil may result in formation of solid
deposits on plunger 13 and/or barrel inner wall 12 as well as on valve needle 210
and inner wall 212. The reason is that Pyrolysis Fuel Oil may change from liquid
to solid due to polymerization at temperatures over 80°C.

It may be possible to supply purging fluid by means of purging
fluid pump 135 via lines 111 to the fuel injection pumps 110 and the injection
nozzles 105. That is possible, if control unit 180 controls the one or more pumps
110. During operation of purging fluid pump 135 purging fluid sucked from
purging fluid reservoir 140 may be supplied, e.g. at an abpropriate, even high
pressure, into first groove 38 via inlet 33, passage 32 and passage 39 as well as
into barrel groove 232 via passage 234 and lines 111. Supply of purging fluid,
e.g. at high pressure (e.g. 10-70 bar, in particular 40-60 bar, more particularly 50

bar) into groove 38 may be conducted in a frequent manner, continuously, or on
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demand. As purging fluid, ethanol or other cleaning fluids with or without an
appropriate additive, e.g. a cold cleaner, may be used.

It should be noted that the term “purging” as used herein may be
replaced by the term “cleaning”. Irrespective of whether term is used herein the
present disclosure may serve to prevent Pyoil from polymerization within a pump
at the plunger and/or the barrel inner wall, or within an injector at the needle and /
or the nozzle body inner wall to reduce or eliminate deposits within the pump at
the plunger and/or the barrel inner wall.

It is preferable that some purging fluid leaks at least from first
groove 38 to second groove 30 and / or from barrel groove 232 to space 224 or to
annular chamber 216 (when the engine has been stopped by an emergency alarm)
so as to transport any rests of Pyoil out of the small guiding gap between plunger |
13 and barrel inner wall 12 and / or valve needle 210 and barrel inner wall 212.

Although the preferred embodiments of this invention have been
described herein, improvements and modifications may be incorporated without
departing from the scope of the following claims. Examples of such modifica-
tions and improvements may be disclosed in the above description and/or in the

attached claims.
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Claims

1. An injection barrel (200) for guiding a valve needle (210)

of an injection nozzle (105), the injection barrel (200) comprising:

a barrel inner wall (213) extending along a lohgitudinal direction

and having a needle guiding section (212);

a barrel groove (232) formed in the needle guiding section of the

barrel inner wall (213); and

a purging fluid supply passage (234) passing through the injection
barrel (200) for supplying a purging fluid to the barrel groove (232).

2. An injection nozzle (105) for a fuel injection system for in-
jecting fuel, e.g. Pyrolysis Fuel Oil, into a cylinder of a large internal combustion

engine, the injection nozzle (105) including:
an injection barrel (200) of claim 1; and

a valve needle (210) configured to reciprocate within the injection
barrel (200) and having a first section (211) guided by the needle guiding section
(212) of the barrel inner wall (213); wherein the barrel groove (232) is formed in
the barrel inner wall (213) at a position with respect to the longitudinal direction

that is always covered by the first section (211) of the valve needie (210).

~

3. A fuel injection system (100) configured to supply fuel,
e.g. Pyrolysis Fuel Oil, to injection nozzles (105) of a large internal combustion

engine (5), the fuel injection system (100) comprising:
at least one injection nozzle (105) of claim 2; and

a purging system (125) connectable to the purging fluid supply
passage (234).
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4. The fuel injection system of claim 3, further comprising:

a fuel pump (110) configured for measuring fuel, e.g. Pyrolysis
Fuel Oil, into correct amounts for injection, building up a high pressure, and de-
livering the pressurized fuel to at least one injection nozzle (105) at the proper
time, wherein the fuel injection pump (110) includes a pump barrel (10) extend-
ing along a longitudinal direction and having a barrel inner wall (12), a plunger
(13) configured to reciprocate within the pump barrel (10) and guided by the bar-
rel inner wall (12), and a first groove (38) formed in the barrel inner wall (12) at a
first position with respect to the longitudinal direction and always covered by the

reciprocating plunger (13); and

a purging system (125) being configured to supply the purging
fluid to the first groove (38).

5. The fuel injection system of claim 4, further comprising a
second groove (30) formed in the barrel inner wall (12) at a second position in
respect to the longitudinal direction, the second position being different to the

first position and being connected to a chamber (27) for draining or recirculation
fluid.

6. The fuel injection system of claim 4 or 5, wherein the purg-
ing system (125) includes a purging fluid reservoir (140) configured to store the
purging fluid e.g., ethanol or other cleaning fluids with or without an additive,
and

a purging fluid pump (135) connected to the purging fluid reser-
voir (140) and being configured to pump the purging fluid to the barrel groove
(232) and/or the first groove (38).
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7. The fuel injection system of claim 6, further comprising a
plurality of injection nozzles (105) and/or a plurality of fuel injection pumps

(110),

wherein the purging system (125) is configured to supply the
purging fluid to the barrel grooves (232) and/or the first groove (38).

8. A method for purging an injection nozzle (105) of claim 2
of a fuel injection system, which injection nozzle (105) is configured to inject
fuel, e.g. Pyrolysis Fuel Oil, into a cylinder of a large internal combustion engine

(5) within, e.g., a ship or.generator set, the method comprising:

supplying a pdrging fluid to the barrel groove (232) of the injec-

tion nozzle (105).

9. The method of claim 8§, wherein the injection system fur-
ther includes a fuel injection pump (110), which is configured to supply fuel, e.g.,
Pyrolysis Fuel Oil, to the injection nozzle (105) and includes a pump barrel (10),
the pump barrel (10) extending along a longitudinal direction and having a barrel
inner wall (12), a plunger (13) configured to reciprocate within the pump barrel
(10) and guided by the barrel inner wall (12), and a first groove (38) formed in
the barrel inner wall (12) at a first position with respect to the longitudinal direc-

tion that is always covered by the plunger (13), the method further comprising:

supplying a purging fluid to the first groove (38) of the injection
pump (110).

10.  The method of claim 8 or 9, wherein the step of supplying
the purging fluid includes supplying the purging fluid under pressure; the pres-
sure being in the range of 10 to 80 bar, in particular between 40-60 bar, more
particular about 50 bar and/or supplying the purging fluid in a manner selected

from the group consisting of continuously, on demand, and frequently.
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11.  Use of Pyrolysis Fuel Oil as a fuel for a fuel injection sys-

tem of a large internal combustion engine, the fuel injection system comprising:

at least one injection nozzle (105) configured to receive the fuel
under pressure and including an injection barrel (200), which extends along a
longitudinal direction and has a barrel inner wall (213), and a valve needle (210)
configured to reciprocate within the injection barrel (200) and having a first sec-
tion (211) guided by the barrel inner wall (213), wherein a barrel groove (232) is
formed in the barrel inner wall (212) at a position with respect to the longitudinal

direction that is always covered by the first section of the valve needle (210); and

a purging system (215) being configured to supply a purging fluid
to the barrel groove (232).

12.  Use of Pyrolysis Fuel Oil of claim 11, the fuel injection

system further comprising:

a fuel pump (110) configured to measufe the fuel into correct
amounts for injection, building up a high pressure, and delivering it to at least one
injection nozzle (105) at the proper time, the fuel injection pump (110) includes a
pump barrel (10) extending along a longitudinal direction and having a barrel
inner wall (12), a plunger (13) configured to reciprocate within the pump barrel
(10) and guided by the barrel inner wall (12), and a first groove (38) formed in
the barrel inner wall (12) at a first position with respect to the longitudinal direc-

tion and always covered by the reciprocating plunger (13); and

a purging system (125) connectable to the first groove (38), the
purging system (125) being configured to supply a purging fluid to the first
groove (38).
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