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Sammendrag:

A fuel valve (50) for injecting gaseous fuel into the combustion chamber of a self-igniting internal combustion
engine. The fuel valve (50) comprises an elongated fuel valve housing (52) with a rear end and a front end, a
nozzle (54) with an elongated nozzle body with a hollow interior that forms a chamber (55) connected to nozzle
holes (56), the nozzle (54) being arranged at the front end of the fuel valve housing (52), a gaseous fuel inlet
port (53) in the elongated fuel valve housing (52) for connection to a source (60) of high pressure gaseous
fuel, an ignition liquid inlet port (78,98) for connection to a source of ignition liquid (57), means
(61,69,53,58,61,69) for establishing a timed fluidic connection between the gaseous fuel inlet port and the
ignition space (55), and means (61,67,69,76,79,85,98,99) configured for a timed delivery of a finite volume of
ignition liquid to the chamber (55) for igniting the gaseous fuel inside the chamber (55).
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A FUEL VALVE IFOR INJECTING GASEQUS FUEL INTC A COMBUSTI

CHAMBER OF A SELF-IGNITING INTERNAL COMBUSTION ENGINE,

ENGINE, METHOD AND TUSE

FIELD OF THE INVENTION

fuel supply system, in particular to a gaseocus fuel valve

for a large low-speed uniflow turbocharged two-stro

internal combustion engine with a gaseous fuel s

low-speed two-stroke self-igniting (Diecel) engines
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typically used in propulsi

,J

systems of large ships or as prime mover in power plants.

Very often, these engines are operated with heavy fuel

o

Recently, therxe has besen a demand for large two-stroke

diesel engines to bhe able to handle alternative types of

fuel, such as gas, coal slurry, petroleum coke and the
iike, in particular gas.

Gaseous fuels, such as natural gas are relatively clean
fuels that vresult 1in significantly lower levels of

sulfurcus compons
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combustion engine when compared with

e.g. using heavy fuel oil as fuel.
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However, there are problems asscciated with wusing a

gaseous fuel in a large low-speed uniflow turbocharged

two-stroke internal combustion engine. One  of those

self-ignite upon injection into the combustion chamber

and both are essential to have under control in a self-
igniting engine. Therefore, existing large low-speed

niflow turbocharged  two-stroke internal combustion

engines use gilot injection of o¢©il or other dignition

liguids simultaneously with the injection of the gaseous

the gaseocus fuel.

Large low-speed uniflow turbocharged two-s

combustion engines are typically used for

rge ocean goling cargo chips and

a
therefors of the utmost importance. Gaseous fuel

seeration of these engines is still a relatively recent
development and reliability of the operation with gas has
not  yet reached  the level of conventional fuel.
Therefore, existing large low-speed two-stroke diesel

1 engines with a fuel system for

engines are all dual fue

operation on gaseous fuel and a fuel gsystem for operation

h

with fuel o0il so that they can be operated at full power

running on the fuel oil only.

Due to the large diameter of the combustion chamber of

these engines, they are typically provide with three

Q)
cr

fuel injection wvalves per cylinder, separated by an angle

f approximately 120° around the central exhaust valve.
Thus, with a dual fuel system there will be three gaseous

fuel wvalves per cylinder and three fuel o¢il valves per

cylinder with one fuel o0il injection valve placed close
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3
reliable ignition of the gaseocus fuel and thus, the top
cover of the cylinder is a relatively crowded place.

have been used to provide pilot o©il injection during
operation with gasecus fuel. These fuel o0il wvalves are
o e+ . ST e I 4 or > T~ : PR

dimensioned so as to be able to deliver fuel oil in an

amount reguired for operating the engine at full lcad on

-

fuel o0il only. However, the amcunt of o0il injected in a
pilot injection should be as small as possible to obtain
the desired reduction in emissions. Dosage of such a

smail amount with a full size fuel injection gystem that

can also deliver the large amount necessary for operation
at full lcad poses significant technical problems, and is
in practice very difficult to achieve and therxefore the
pilot o©il dosage has in existing engines been with a
larger qguantity per fuel injection event than desirable,
egspecially at medium and low lcad. The alternative of an
additional small injection system that can handle the
smail pilot amount 18 a considerable complication and

ost up. Further, additicnal small pilot o0il injection

A
»

fUlle

ves render the top cov 3@ the cylinder even more

[

crowded.

US 2013/00815%3 discloses a fuel alve for a four—-stroke

diesel engine with a supply of idigniticon liquid and a
supply of gaseocus liguid to a fuel chamber above a seat

of a valve needle. The delivery of the ignition liguid to

the fuel chamber ig intermittent and is controlled by a

Fov g N 1~ S o - o 3 = 5 = 3 7 4
system that includes a solenoid associated with a
scolenoid operated spool valve and a check wvalve
downstream of the solencid operated spool wvalve. The

intermittent delivery of gaseous fuel is controlled by a

check wvalve that responds to the amcunt of ignition



(%4

n

20

(3

W

DK 178521 B1

delivered to the fuel chamber before the ignition liguid
has been delivered to the fuel chamber. This system for

delivering the ignition fuel is relatively complicated,

-

which could impair reliability. Further, this known fuel

Q,

valve i1s not suitable for a large two-stroke turbocharge
self-igniting internal combustion engine because it is

not equipped with the appropriate type of nozzle,

DISCLOSURE OF THE INVENTION

On this Dbackground, it 1is an object of the present
application to provide a fuel wvalve for a self-igniting

internal combustion engine that overcomes or at least

reduces the problems indicated above.

This co¢biject is according to one aspect achieved by

providing a fuel wvalve for inijecting gasecus fuel into a

cernal combustion

.
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~ombustion chamber of a self

engine, the fuel wvalve comprises an elongated fuel wvalve

,..x

5

housing with a rear end and a front end, a nozzle with an
elongated nozzle body with a hollow interior that forms a
chamber connected to nozzle holes, the nozzle being

arrvanged at the front end of the fuel wvalve housing, a

gaseous fuel rt in the elongated fuel vwvalve
housing for connection to a source of high pressure

establishing a timed fluidic connection between the
gaseous fuel inlet port and the ignition space, and means
configured for a timed delivery of a finite volume of
ignition ligquid to the chamber for igniting the gaseous

fuel inside the chamber.
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deli

very oL a

in the nozzle a reliable and controllied ignition
of the gaseocus fuel inside the chamber in the nozzle can

In a

the

the

means

finite

o
<
O
—
'J‘

first possible impl

f
configured for a timed delivery

of ignition liqu

controlled

ssible implementation of

and controlled amount of

less than the volume of the chamber.

possible

valve 1ig configured to deliver the

of ignition liguid *to the chamber Just ahead of the
et Fraie ]

gageldus 1fuel.

In a fourth possible implementation of the first aspect

the fuel wvalve is configured to deliver the finite volume
»f igniticon liguid to the chamber at the start of the
delivery of the gaseous fuel.

fifth possible implementation of the first aspect

is added to
ecus fuel to
fuel and the i1gnition

same port.
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In a sixth possible

the volume of

are

Iin a

end of the

other longitudinal

In an eight possible implementation of th
the nozzle is configured to be ope

f‘.|)

\_,.

e R
object above

spect

engine with a

\)V%';\Lf” Qx

to any one of claims 1

and to the

first possible implementation

the engine is

g aAZe0USs SIS
e e
without the use of other 1

possi

the engine is configured to ignite

entry of ous fuel in chamb

er

according

to self-ignite

ignition eguipment.

the ¢

inside

rated

ignition
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I"L pe

and ignition

chamber near

Lo a second

second aspect

the injected

liguid and

a nozzle.
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high pressure to the fuel wvalves, and wherein the source

The object above 1s alsec achieved according teo a third

3

spect by providing a method for injecting and igniting
gaseous fuel in a self-igniting internal combustion
engine with a fuel wvalve for injecting gaseous fuel into
the combustion chamber of the self-igniting internal

combustion engine, the fuel wvalve comprising a nozzle
with & hollow intericr that fcorms a chamber and nozzle
holes connecting to the chamber, the method comprising

wus fuel to the fuel valve,
timed opening of the fuel
agseous fuel to flow to the
chamber in the nozzle,

the chamber in the nozzle

assgisting ignition o©f the gaseous fuel inside the

chamber, and ending an injection event by closing the gas

In a first possible implementaticon o¢of the third aspect

[

the method further comprises delivering the gasecus fusl
at a first high pressure to the fuel valve and delivering

the ignition fuel at a second high pressure to the fuel

valve, he second high pressure being higher than the

i}

-

n a second possible implementation of the third aspect

the methoed further comprises blending the gasecus fuel
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The obiject above 1s also achieved according to a fourth

internal combustion engine, the

supplyving pressurized gaseous fuel
pressure to a fuel valve of the eng

having a hollow nozzle with a plura

connecting a chamber in the nozz

. N .
ine, the fuel wvalve

le to a combustion

the fuel wvalve, the

above the hollcw nozzle, a fuel chamber being arranged

above the valve seat, pressuring the fuel chamber with

the gaseous fuel, starting a gaseous

by lifting the axially moveable va

fuel injection event

lve needle from the

valve ceat, delivering a small volume of ignition liguid

to the chamber Jjust bkefore or during an inj

and ending the injecticon event by

moveable valve needle back to the val

J
moving the axially

ve seat.

chamoer with the help
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the nozzle ig kept above

obiect above is also achievad

by ok

O

ubricating or fuel o0il as ignit
for injecting and igniting gas

internal
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fuel into

self-igniting internal combu

ve comprising a nozzle with

forms a chamber and nozzle ho

valve,

to
nozzle, deli
cha

mber

fuel inside

In a first implementation of the
further comprises delivering the

lementation of the

In a second impil

further comprises blending the

liguid before

ignition

viding the use

the

vering

event thereby assisting

event by closing the gas
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by in accordance with a

10N L1guid 1In a metihod
o fa 19 H b am 1 F
cOous Tued in a Sell

engine with a fuel wvalve

combustion

stion engine,

a2 hollow interiocr that
les connecting to the

starting an injection

5
H
1.

valve thereby allowing

combustion chamber wvia

injection liguid to
before or during an

ignition of

fifth asgspect the method
gaseous fuel at a first

and delivering the

h‘: ‘Fw
the £

b
e L

higher than the

fifth aspect the method
gaseous fuel and the
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and delivering the gaseous fuel and the ignition liguid

gsimultaneously to the chamber,

In a third implementation of the fifth aspect the method
further comprises delivering the gaseocus fuel and the

ignition liguid separately to the chamber,.

In a fourth dimplementation of the fifth aspect the
gaseous fuel ignites ingide the chamber with the help of

the ignition liguid.

In & fifth implementation of the fifth aspect the the

: 1 =3 200° 4 - PR WL P
nozzle 1is kept above 300°C throughout the engine cycle.

In a sixth implementation of the fifth aspect the

seventh implementation of the fifth aspect the

-
]
(‘l\

method further comprises idgnition liquid has a flash
point above 30°C, preferably above 45°C, and most
preferably above 60°C.

Further objects, features, of

U.)

dvantages and properties

n

the fuel wvalve, engine,methods, and use according to the
present disclosure will become apparent from the detailed

description.

BRIEF DESCRIPTION OF THE DRAWINGS

n the following detailed vportion of the present

1 1 = : 3

egcription, the invention will be explained in more

O,
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Fig. 1 is a

engine accordi
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exemglary

erence to the embodiments shown

s, in which:

front wview of a two-stroke diesel

ng to an example embodiment,

Fig. 2 i1z a side view of the large two-stroke engine of

Fig. 1,
Fig. 32 is a
stroke

Fig. 4 is a se

diagrammatic representation the large Lwo

according to 1, and

ctional view in diagrammatic

representation
ks

embodiment of gaseocus fuel system of the
1 of the upper part of a cylinder,

view 1in diagrammatic re

3
cylinder and the gasecus fusl injection system of the
embodiment of Fig. 4, and

Fig. ¢ 1s a sectional view of & gaseocus fuel injection

an example

Fig. 7 13 a

Fig. 8 is a detailed sectional view

of
sho

embodiment

the engine

Fig. 9 is an
to 8,
Fig. 0 is a

valve accordin
Fig. 13 is a

the engine shown in

odiment of the invention,

Py 14 -
section of Fig,

of another example

valve in

=~ IR
oYX use

wn o in Fig,

elevated view of the fuel wvalve of Figs. ©

view of a nozzle for use with a

iliustr

sectional view of a gaseous

g to another embodiment,

sectional view of a gaseous fuel injection
g to yet ancother embodiment,

(Y]

Fig. 1

5
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embodiment of a gaseous fuel injection wvalve for use in

the engine shown in Fig. 1.

DETATLED DESCRIPTION OF PREFERRED EMBODIMENTS

In the folliowing detailed description, the self-igniting
internal combustion engine will be described with

reference to a large two-stroke low-sgpeed turbocharged
internal combustion {(Diesel) engine in  the example
embodiments. Figs. 1, 2 and 3 show a large low-speed
turbocharged two-stroke diesel ngine with a crankshaft
4z and crossheads 43. Fig. 3 shows a diagrammatic
representation of a large low-speed turbocharged two-
stroke diesel engine with its intake and exhaust systems.

n this example embodiment the engine

0]
=
o
0]
Hs
e}
o
—
Q
~g

1 in line. Large low-gpeed tuzrb
engines have typically  betwsen four and  fourteen
cylinders in line, carried by an engine frame 13. The

sed as the main engine in an ocean

0]
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ing vessel or as a stationary engine for operating a

5
+3
:

generator 1n a power station T

O

11 output of the

,_
i
T
{
~t
(’: )

« -

engine may, for example, range from 1,000 to 110,000 kW,

The engine is in this example embodiment a diesel engine

5>f the two-stroke uniflow type with scavenge ports at the

lower re cgion of the c¢ylinders 1 and a central exhaust
valve 4 at the top of the cylinders 1. The scavenge aix

ig passed from the scavenge air receiver 2 to the

A piston 41 in the c¢ylinder 1 compresses

air, fuel is injected from fuel injection wvalves in the
cylinder cover, combustion follows and exhaust gas 1s

generated. When an exhaust valve 4 is opened, the exhaust
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gas flows through an exhaust duct associated with the
cylinder 1 into the exhaust gas receiver 3 and onwards
through a first exhaust conduit 18 to a turbine 6 of the
turbocharger 5, from which the exhaust gas flows away
through a second exhaust conduit via an economizer 28 to
an outlet 22 and into the atmosphere. Throucgh a shaft,
the turbine 6 drives a compressor 9 supplied with fresh
alr via an air inlet 10. The cmpressor 9 delivers
pressurized gscavenge air to a sgcavenge air conduit 11

leading to the scavenge aiy receiver 2.

[

-
H
WL

The scavenge airy in conduit 11 passes an intercooler 12
for cooling the scavenge air - that leaves the compresscr
at approxzimately 200 "C - t¢ a temperature between 36 and

.
s U Co

The cocled scavenge alr passes via an auxiliary kblower 16
driven by an electric motor 17 that pressurizes the
cavenge air flow  when  the compressor 9 of the
turbocharger 5 does not deliver sufficient pressure for
the scavenge air receiver 2, i.e. in low or partial load

onditions of the engine. At higher engine loads the
turbocharger cowmpressor 9 delivers sufficient compressed
scavenge ailr and then the auziliary blower 16 is bypassed

via a non-return valve 15.

Figs. 4 and 5 show the top of one of the plurality of
linders 1 according to an example embodiment. The top
cover 48 of the c¢ylinders 1 is provided with three
gaseous fuel wvalves 50 for injecting a
an outlet of the fuel wvalves 50, such as a nozzle, into
the combustion chamber in the c¢ylinder 1. This example
embodiment shows three gaseous fuel wvalves 50 vpex

cylilinder, but it should be understocd that a single or
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gaseous fuel valves may

size of combustion

inlet 53

gasecous fuel to the gasecus
three gaseous fuel wvalves

o2, the other two

supplie conduits

supply conduits 62,63

48 that connect to a gas

inciudes gas tanks and high p
The gaseous fuel wvalve 50

- - 7 - - n - - - K
uel by a more or less constant
7 IS =
o PR S a

also has

4

be sufficient,

62 that supplies hi

are drilied holes in

supplied

fuel

an inlet

DK 178521 B1

depending on

gaseous fTue

50. One of the
1

accumulator 60 associated with

connected to

- Ny o 5 M o o v - =
- margin. The source of

gaseous fuel 60. It is an advantage of the invention that
ordinary wvessel lubricating oils or fuel oils such as
sealing oil, marine diesel, biodiesel, lubricating oil,
heavy fuel o0il or dimethyl ether { DME) may find
additional use also as ignition liguid according to ths

this

an
pressure
the fuel

to be delivered to

accumuiatc
amount

{e.g. approximately

fuel supply condults 62,63

example

300

valves 50 of

PN
bdﬁ,‘

extend

that is
the cylinder

the

oetween

[
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=
(@2

and

a respective gaseous fual

valve 50 of the cvlinder 1 concerned.

accumulator

‘./

61 1is arranged at the outlet of the

. 3
wWinaow

controls the flow of gaseous fuel from the gaseous fuel
5 < 0N Aanamita il SRR iU D 2F e
accumulator 60 to the gasecus fuel supply conduits 62, 03.

are
in a
the engine is ¢

in this

The engine is p

valves 49

conne

well-known

are

' the engine on fuel o0il. The fuel oil
~ted to a scurce of high pressure fuel

on +

igured fo operation on gaseous fuel

empodiment the

rovided with electroni control unit

ECU that contrels the operation c¢f the engine.
lines connect the electronic ontrol unit ECU to the
gaseocus fuel valves 50, to the fuel oil wvalves 49 and to

=3
xt
e
0]
@
bt
®
N4
.:“E’
-t
~
J
<
3
e
a

gaseous

the gasecus fuel injection

fuel

control unit ECU is configured to time the
for the gasecus fuel valve correctly and

and closes
supply
fuel before

gaseous
3

controllied

valve 50.
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and 9 show a fuel wvalve 50 for

fuel into the combustion chamber of

igniting internal combustion engine and foxr

P

housing 52 with a rearmost end 88 and a

N J [l ape iy e ~ ot A 3 (o] L ~ N 3 J

front end. I'ne rearmost end 88 1s provided
lurality £ AT+ AT 118 3 ey control Yort

pluraillty 01 proxrTs, 1nciuding a COnTtrol o

0
inn the head for
valve 50 in
In the present embodiment, t
exhaust

the central

I 5
walls

the

elongated wvalve housing 52 and the other compo
the fuel injection wvalve 50, as well as the nozzl

embodiment made

The hollow nozzle 54 1is provided with nozzle

of the nozzlie the

the nozzle 54, The nozzles are axially

distribution 1s in the

over a relatively narrow range of approximately

the radial orientation of the nozzle holes

the the walls

arrected

direction of the swirl of the scavenge air

combusticn chamber the configuration

DK 178521 B1

nents or
c are 1n

distributed radially over

tip

present embodiment
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The tip 59 of the nozzle 54 ({(Fig. 10) is in this

embodiment closed. The rear or base 51 of the nozzle 54

is connected to the front end of the housing 52 with a
chamber 55 in the nozzle 54 opening towards the housing

52. In an embodiment the chamber 55 is a longitudinal
hore extending from the closed tip to the base 51 and
opening to the rear of the nozzle so as to connect with

ront end of the

FJ
3
+
=)
0]
)
-

the opening/outlet port 68

. — o~
| S -

alongated valve the housing 52 below the val

An  axially displaceable wvalve needle 61 is s
receive with a precigsely defined c¢learance in a

longitudinal bore 77 in the elongated valve housing 52.

The wvalve needle 61 has a tip that is configured to enter

provided with a gaseocus fuel inlet port 53 for connection
T , for example

I . con Y T oor N S B g -
via the gasecus fuel supply conduits 62,63. The gaseous

housing 52 and the fuel

}<_J
O
0
o
o
®
(O
IJ
]
-+
g
®
I
r-.
Q
&
o+
("‘
Q.
<
o
F_J
<
0]

portion of the wvalve needie ol.

has lift. From the chamber 55 the gaseous fuel
ig injected into the combustion chamber of the cyvlinder
via the nozzle holes 56.

The axially displaceable wvalve needle 61 has a closed
position and an open position. In the closed pesition the

axially displaceable valve needle 61 reszts on the seat
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©9. In its closed position the axially displaceable valve
thus prevents flow from the gaseous fuel inlet
port 53 to the nozzle 54. In 1ts open position the

axially displaceable wvalve nesedle 61 has 1ift from the

1

7

k!

b

A pre-tensicned helical spring 6¢ actes on the axi

8%}

{

displaceable valve needle 61 and biases the valve needle

61 towards its closed position on the geat 69. However,
it is understood that other means, such as a gas pressure

or oil pressure can be provided to bias the valve needle
6l towards its closed positicon. In an embodiment, one end

of the helical spring 66 engages the rear end of the

helical spring 66 engages a widened section or flange 83

at the rear end of the valve needle 61, whereby the rear

The gaseous fuel wvalve 50 is provided with an actuator

system for controlilably moving the axially displaceable

position. In this embodiment the actuator system includes
an axially displaceable actuation piston 64 that is

glidably received in a2 c¢ylindrical ©portion of the
elongated wvalve housing 52. The actuation piston 64

defines together with the elongated valve housing 52 an

the wvalve needle ¢1 in

threaded c¢onnection, or by welding and preferably the
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actuation piston moves 64 in unison with the valve needle

7 PR N Py . e S L. - - N o L R
61, although this is not a prereguisite.

The actuation chamber 74 is fluidly connected tc a

]

2 wvia a control oil conduit 70. The

2 is connected to an electronic control

control oil valve 96 is preferably of the on/off type and

recelves an electric contro

1

P

control unit BCU to control the injection events.

.

In cother embodiments {not shown) the valve needle can ke
actuated by other actuation means, such as a solenoid or

a linear electric motor.

The actuation piston 64 is provided with a preferably

t Y
concentric cylinder that opens towards the rear end of
S T, 1 ] T 2 b e o7 N SRR .
the housing and a stationary piston 87 1s slidably

received inside this cylinder. The actuation piston 64 is
displaceable relative to the stationary piston 87. The
cylinder inside the actuation piston 64 defines a chamber

80 together with the stationary piston 87 that provides

The elongated wvalve housing 52 1s provided with an
ignition liguid port 78 for connection to the source of
igniticen ligquid 57. An ignition liguid supply conduit
extends axially in the elongated wvalve housing and

through the staticnary piston 87 and fluidly connects the

ignition liquid port 78 to the chamber 80,

A second portion of the ignition liguid delivery conduit

o

a bore 8Z.

9]

a

6]

extends to coaxially in the valve neesdl:
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Radial channels 85 extend in the axially displaceable

valve needle ¢1 from the bore 82 to the outer surface of

N

from a port for

¢
S
<

the azially displaceable valve needle 6
o)

nce

n liguid to be supplied to the clear

Q

between the elcngated wvalve housing 52 and the axially

movable valve needle 61 to thereby lubricate and seal the
valve needle 61, thus allowing the ignition liguid to be
used as sealing oil. The ignition liguid Zflows through
the c¢learance both upwards to the actuation chamber 74
and downwards to the fuel chamber 58. The portion of the

ignition liguid that flows to the actuation chamber 74

lTigquid that flows to the fuel chamber 58 and accumulates

at the bottom of the fuel chamber 58 i.e. just above the

in the time during an engine cycle where the axially

movable wvalve member 61 rests on the wvalve seat 69. An
appropriate amount of ignition oil is the amount that is
sufficient for creating a reliable and stable ignition,
may for example be in the range of 0,2 mg to 200 mg,
depending e.g. on the engine size and load. The

dimensions of the c¢learance are chosen such in relation

agprepriate magnitude 1s achieved when the source of

pressure of the source of gasecus fuel.
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in the elongated

gas leak detection port

is controlled by

- T o~ oo B |
the gaseous ifuel

TG

ECU throucgh the length of the

the

by the length of the openi
rom the electronic contro

in a

69

(@)
—
ot
93]

needle

mnovement from its closed position to 1its open position.
The valve needle 61 will always performs the full stroke
from its closed vosition to open position when the
control oil pressure is raised and the increased pressure
in the actuation chamber 74 urges the actuation piston 64

against the

direction

The igniti

fuel

the nozzle 54 and the seat ©9.

¥
=~
@
=
=
—~

away

accumulated the bottom of the

in the nozzle

followed by the gaseocus fuel, i.e. the gaseous
-~ R A ) A - NN N
ez the ignition ligquid ahead and intoe the

chambexr 55. Thus, the ignition liguid that was
accumulated in the combusticon chamber 58 will enter the
chamber 55 in the nozzle 54 just ahead of the gaseous
fuel. At the moment just before the opening of the fuel

COomg

=
b=

due to |

combustion

from the combustion

short

iy

ressed

t nae

LIl

55

compression of the scavenging

chamber {(the nozzle holes 56 allow

chamber into the chamber 55). Thus,

after the opening of the fuel wvalve 50 there is
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gaseous Tuel

controlled and

already inside
fuel wvalve 50,

that i3 a margin

gaseous fuel. The

b2
W

with the

embodiment

(3

emoodiment reference

assembly

empodiment of

speration of the
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Hereto, the c¢ylinder inside the actuation piston 64
defines a pump chamber 80 together with the stationary
piston 87. A non-return valve 79 is disposed between the

igniticn liguid port 78 and the pump chamber 80 for
T

aventing flow from the pump chamber 80 to the ignition

An ignition liguid injection condult 67 extends axially
2 4

inside the axially displaceable needle o6l. The gpump

chamber 80 has an inlet f£

needle 61 and the second end of the i1gnition liguid

b - ey . oA
liguild into the chamberb5 inside the nozzle 54.

The pum chamber 80 contracts when the axially
= L

displaceable valve needle 61 is moved from the closed
position to the open position and thereby the actuation

piston 64 is moved ftowards the rearmost end of the

The pump chamber 80 expands when the axial

F__J
o
edy
s
(1'
i
jo3]
o
D]
@
Ny
w
~
[
,_4

needle 61 is moved from the open position to the closed
position because thereby the actuation piston 64 is moved
away from the rearmost end of the housing 52.

y - 3 3 £ -1 3 a4 4 . - o~ 3 v - - v 3 4 I~
A second end of the ignition liguid injection conduit &7

is fluidly connected to the nozzle 54 go that

liguid 1is delivered to he nozzle 54 when the pump
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r 80 contracts. When the pump 80 chamber expands

1 chamber is replenished with ignition

ting flow in the ignition liquid inj

s the pump chamber 80.

The ignition liguid supply conduit 76 extends in the

aousin

g 52 and axial

L_;
ot
oy
~
B}
o
(o]
)
jmy
0}
93]
oy
[ol}
ot
[
9]
]
W
~
g
T
b
63}
t
Q
]
(o]

to fluidly connect the ignition liquid port 78 to the

pump <©

hamber 80.

sealinc channels 85 extend in the axially

X
ceable wvalve needle 61 from the ignition liguid

injection conduit 67 to the outer surface of the axially
isplaceab] valve needle 61 to allow ignition liqg To

needie to thereby lubricate and seal the wvalve
61, thus allowing the ignition liquid to be used

aling oil.

The injection event of the gaseous fuel 1is for all

embodimen

through the length of the opening

the electronic control unit ECU

o
9]
Ie)
=)
(s
=
L)
}_J
l._.l
{ T
Q.
Yy
-
G

\Q
+
,4
=
3
0]
O
=h
cr
—
=
o
o
Q
o
o
.
O
')
L4
et
jo.
LN

fuel walve 50. Thus, upon a <gignal from the electronic

1 unit ECU the control oil pressure is raised in

the actuation chamber 74 and the wvalve needle 61 1s

lifted from the seat ©% in a movement from its closed
position to its open position. The valve needle &1 will

always

performs the full stroke from its closed position

to its open position when the contrel oil pressure 1is
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The

end

the

axi

from

the actuation

pump pilston
requir volume o f
event is

iection

oke of the

®

meter of the

actuation

causes

embodiment

the embodiment

chamoer 80

pumg

displaceable wvalv

al 1'

My e T o N
Thusg, this embodiment ¢
P T, B . £
ve that prevents fiow

actu

pump

the injection

the
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D

presgsure in the actuation

o

ation piston ¢4 against the

in axial direction away

and the seat 69.

chamber 80 contracts and

pump chamber 80

conduit 67

61 intc the chamber 55. Thus,

diameter

. -
pliston 64 and

the amount of

injection event,

ignition liguid needed per
by selecting the appropriate
iston 64 and the approgriate

event the removes the

chamber and the

valve

identical

that the

nozzle 54 is closed when the
dle ©1 rests on the seat

nen-return

end c¢f the
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conduit 67 towards the pump

"

Iin anc embodiment (not shown) the ctuation means

ises a soienoid or linear electric motcor and a

and contrel oil is not needed.

The zelf-igniting internal combusticon engine is operated

by supplying pressurized gaseocus fuel at =z

cooper

692. Th

sure to a fuel valve 50 of the engine. The ignition

is supplied at a second high pressure to the fuel

50. The second high pressure is higher than the

o
FA
o]
jm
o]
In
®
)
9]
[
[
(@)
=
oy
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FA.
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(@]
ct
}_J.
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O
e
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(@)
O
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ates with a wvalve sgseat 69 above the hollow nozzle

fuel

e fuel chamber 58 is pressurized with gaseous fuel.

A egmall continuous flow of ignition liguid is delivered

to the fuel chamber 58 and the ignition liguid is

lated above the valve seat 68 during periods where

the valve needle 61 rests on the valve seat 69. A gaseous

fuel injection event 1is started by

Iy~ ren b T
movalb 1

1

F_.J
¥<J.
3]
t
t;.
;
o3
bt
F.
3]
F
F_J
<]

-

[

SR R PN 727 Pl N . g oms , N oy - ~ o e
e valve needle 61 from the wvalve seat 69, thereby

ing the accumulated ignition liguid to enter the

with +

+3
=
®
(D
-]
Q
I_\
o}
[©)
=
(%]
Q
O
3
th
[

e
-
[
)
Q.
purs
O
0N
15
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us  fuel with the help of th

injection nozzle 54 Just azhead of the gaseous

The gaseocus fuel then ignites inside the nozzle L4

the helpy of the ignition liguid, 1.e. a controlled
O
OrL.

~-ignite the injected

> ignition ligquid and

T

ut the use of other ignition equipment.



(%4

)

20

[y o]
W

2
<

DK 178521 B1

N
~

The engine is configured to ignite the gaseous fuel upon

entry of the gaseous fuel into a chamber inside a nozzle.

In an enmbodiment the nozzle 54 1is kept above 300°C
throughout the engine cycle. In an embodiment the

temperature ingide the hollow nozzle 54 is approximately

600 degrees C at the end of the compression stroke,

It is an advantage of the invention that ordinary vessel
or engine lubricating or fuel oi

g such as sealing oil,

marine diesel, biodiesel, lubricating coil, heavy fuel oil

ignition liquid according to the present invention.

in a fifth aspect of the
vessel or engine lubricating

in a method for injecting

and igniting gasecus fuel 1in a self-igniting internal

~ombustion engine with a fuel wvalve 50 for injecting
. 2 am e SRS PR P S RS T o~ . NP S
gaseocus fuel intce the combustion chamber of the self-

igniting internal combustion engine, the fuel wvalve

comprising a nozzle 52 with a heollow interior that forms

pressure gaseous
injection event by timed opening of the fuel wvalve 50
thereby allowing the gaseous fuel to flow to the
combustion chamber via the chamber 55 in the nozzle 52

delivering injection ligquid to the chamber 55 in the

eV

nozzle 52 ust before or during an injection event

thereby assisting contrclled ignition of the gasecus
inside the chamber, and ending an injection event by

cleosing the gas valve 50.



2

(3

(%4

n

0

W

DK 178521 B1

N
0

In an embodiment of the fifth aspect there is described a

method according to the fifth aspect, further comprising
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high pressure being higher than the first high pressure.

In an embodiment of the fifth aspect there is described a
method according to the fifth aspect, further comprising
blending the gaseous fuel and the ignition liguid before

ion event and delivering the

ot

the start of an injec

[

gaseous fuel and the ignition liguid simultaneous

In an embodiment of the fifth aspect there is desgcribed a
method according to the fifth aspect, further comprising

he ignition liquid

In an embodiment
methoed according

54 is kept above engine cycle.

n an empodiment the ignition liqgquid

3 J— : - 3 I fa ™ ) L I o
has a wviscosity 5 ¢35t to 750 3T,

preferably between 75 ¢St to 725 ¢St, and most preferably

between 150 ¢St to 700 oSt.



(%4

)

20

.
1
.

used

electronic

severa

term

ude

DK 178521 B1

fifth aspect the ignition
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the claims does not

v o 1 14} P ~ RS
comprising as used 1o

L2 131 e
an as

elements or steps. The term "a"™ or

plurality. The

of

in the

control unit may functions

means xe ted in the claims.

2 CL

reference signs used 1in the c¢laims shall not be

as

invention has been

on, it 1is understood that

1llustratic

for that variations

purpose, and

those skilled in the art without

nvention.
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af gasformigt

selvantendende

. , PR,
stofventi (50)

sehuller (56},
forenden af
(55) hax e

brendstof 1 det

hgit trvk,

“or tilslutning

en timet

160y, der erx

et afgranset
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volumen af tendvaske til kammeret ({55} or antendelse af

kammeret (55}, er konfigureret ti

det gasformige brendstof inde 1 kammeret (55).

rendstofventil ifelge krav 1, hvor midlerne (61, 67,

4
1

9, 85, 98, 99, 100y, der er konfigureret til et
levering af et afgraenset volumen af tendveske til

at 1

ot
-

]
4
~
(]
=
@
(wi
19}
t
<]
)
D
t

styrede mengde af taendvaeske er wvasentligt mindre end

. Brendstofventil

rets (55} volumen.

et hvilket som helst af kravene

§ T o ~ 27 i
3, hvor brendstcofventilen {5

O
P
=
-
O
]
i

O
-
=
D
=
o«
ot

evere det endelige volumen af tandvaske til kammeret

umiddelbart fgr det gasformige brendstof.

5. Brandstofventil ifglge et hvilket som helst af kravene

3, hvor brendstofventilen (50} er konfigureret til

at levere det endelige volumen af tendvaske til kammeret

- . b v - bl el 1 e e P -
ved gstarten af leveringen af det gasformige

6. Brendstofventil ifglge et hvilket som helst af kravene

5, hvor det endelige volumen af tendvaeske tilsettes

X

formige brendstof feor tilfersel af det gasformige

istof til kammeret (55}, og hvor det gasformige

destof og tendvaesken trenger ind kammeret (55) wvia én

og samme abning

. Br

zndstofventil ifglge et hvilket som helst af kravene

5, hvor det endelige wvolumen af ftendvaeske og det
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kammaeret via separate

g

gasformige brendstof leveres ti

]

be

0
ok

)T‘:;LDU.QJ
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kravene

=
0]
[_.
w
t
Q
()

o
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93

stofventil ifglilge et hvilket som

1 til 7, hvor dysen er konfigureret til at blive anvendt
ved en temperatur over 300 “C.
9. Selvantendends intern forbrendingsmotor med en flerhed

o

af cylindre (1), et tilfegrselssystem til gasformigt

tendvaeske under hgit trvk og én eller flere ventiler (50)

til gasformigt brendstof ifplge et hvilket som helst af

tilvejebragt ved motorens cylindre, og
hvor ventilerne {50} ti gasformigt  brendstof er
forbundet med tilfgrselssystemet til gasformigt braendstof

rselssystemet til tendvaske.

o
=
@]
®
H
=y
I\
(-
1
ot
H
N
-\—‘
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&
¢t
"
-
¢t
"
by
I\

at selvantznde det injicerede gasformige brandstof wved
hizlip af tendvasken 09 uden  anvendelse aft andet

antandelsesudstvr.

il. Motor ifglge krav 9 elier 10, hvor nmctoren er
konfigureret til at antende det gasformige brandstof

efter indtrangen af det gasformige brandstof 1 kammeret

12. Motor ifglge et hvilket som helst af kravene 9 til
rasformigt  brendstof leverer det
gasformige brzndstof ved hzit tryk til
brendstofventilerne (50}, og hver kilden af taendvaske er
konfigureret til at levere tandvaesken ved et trvk, der er

aere end trvkket pa kilden af gasformigt brandstof.
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13. Fremgangsmade til injektion og antandslse aft

gasformigt braendstof i en selvantendende intern

aflang form med en langsgaende ende af kammeret (55), dex

gasformigt Dbrandstcef o©g
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tendvaska O dvsehullerns {56) Jer forpinder me d
RNAVARS KL R kA.}/v_J\..;.LU_L. — Ll LR RO 2 dae oroinaer med

kammeret (53) ner den anden langsgaende ende af kammeret

levering af gasformigt Dbrandstof under heit tryvk til

brendstofventilen (50},

start af en injektionshendelse ved timet abning af
brandstofventilen (50}, hvoeorved det gegres muligt for det

gasformige brendstof at stremme til forbrendingskammeret

levering af antendelsesvaeske til kammeret (55) 1 dysen

{(52) umiddelbart fer eller under en Jektionshandel

‘ormige brendstof

W
H\
(@)
®
o
e}
Q
N
th

hvilket bevirker antendelse

inde i kammeret, oJg

afslutning af en injektionshendelse ved at lukke

7o)

yasventilen (50}.
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fremgangsmade

=

13, hviiken

er levering af det gasformige brendsto
Jt tryk til brandstofventilen og levering

ved et andet heijt trvk til
{(50), hvilket andet hegje tryk er hojere

th

zglge krav 13 eller

)

omfatter blanding

.
dere
aere

taendvasken for starten af an
leze og levering aft det gasformige

I

samtidigt kammeret (55)

krav 13
omfatter levering af det

esken

vantendende intern

omfatter:

trvk wvad et

en brendstofventil (50} 1

L -
ti1l omfatter

~
Iver

at

mad

=
)
=
®
i}
p—
-
\
—
Q.
k
(
1
Y
~

eme med en

kammer (55) i

fo

anden af

hvilket kammer (55)

en langsgaende ende af kammeret (55), dex
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tendvaskes og dysshullerne {56}, der forbinder med

kammeret (53) ner den anden langsgdende ende af kammeret

tilfgrsel af tendveske ved et andet hejt trvk til

brendstofventilen (50), hvilket andet hgijt tryvk er hgjere

ventilsade (69) over den hule dyse (54),

et brandstofkammer (58), der er placeret cover ventilsadet
(69),

ey

tryksetning af brendstofkammeret (58) med det

(o]
D
1653
O
} md
.
o)
0}

tart af en gasformigt brendstofinjektionshendelse ved at

(S

a
lafte den aksizalt bevegelige ventilnal {(61) fra

levering af et lille volumen tendvaeske til kammeret (

1

umiddelbart feor eller under en injektionshandelse, o©g

afslutning af injektionshendelgsen ved at bevege den

aksialt bevaegelige ventilnal (61} tilbage til ventilsadet

18. Fremgangsmade ifwlge krav 17, hvor det gasformige

1
@]

brendstof antendes inde 1 kammeret (55) wved hizl af

N
b

krav 1

ell

(i

r 18, hvor dysen

19, Fremgangsmade ifglge

d P 1A ”<‘ . . «
(54} holdes over 300 gennem motorcvklussen.
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