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(54) Sealed two piece injector

(57) The present disclosure relates to an injection
nozzle system (10) for an internal combustion engine.
The injection nozzle system (10) includes a needle (12),
a needle guide member (14), and a ceramic hood (30).
At an injection side of the injection nozzle system (10),
a sealing ring (100) may be arranged in a sealing ring
recess (102) to provide a sealing between needle guide
member (14) and ceramic hood (30) for reducing leakage
of fuel during operation of the internal combustion engine.
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Description

Technical Field

[0001] The present disclosure generally relates to an
injection nozzle system, and more particularly to an in-
jection nozzle system including a ceramic hood.

Background

[0002] Recently, use of alternative fuels to power in-
ternal combustion engines is subject of ongoing interest.
Alternative fuels include first generation biofuels (for ex-
ample palm oil, canola oil, oils based on animal fat) and
second generation biofuels (for example oils made of non
food corps, waste biomass)
[0003] Examples of second generation biofuel include
"pyrolysis oils" obtained from the pyrolysis of, for exam-
ple, wood or agricultural wastes, such as the stalks of
wheat or corn, grass, wood, wood shavings, grapes, and
sugar cane. In general, pyrolysis oil is predominantly pro-
duced by the "Fast Pyrolysis" technology, which com-
prises rapid pyrolysation of biomass in a fluidized bub-
bling sand bed reactor, wherein the solid heat-carrying
medium is circulated and, therefore, the residence time
of solids is well-controlled and high heating rates (up to
1000 °C/second) are obtained.
[0004] As the chemical composition and/or the physi-
cal properties of alternative fuels can differ significantly
from those of commonly used fuels such as diesel fuel,
light fuel oil (LFO), and heavy fuel oil (HFO), care has to
be taken when alternative fuels are used as substitutes.
[0005] For example, use of alternative fuels in internal
combustion engines affects in particular the supply of the
alternative fuel to a combustion chamber. The supply
path includes usually an injection pump systems and an
injection nozzle system.
[0006] For an injection nozzle system, WO
2011/157375 discloses a two part injection nozzle sys-
tem formed by a needle guide member and a ceramic
hood to withstand alternative fuels.
[0007] The present disclosure is directed, at least in
part, to improving or overcoming one or more aspects of
the related prior art and particularly improving an injection
nozzle system comprising a ceramic hood.

Summary of the Disclosure

[0008] According to an aspect of the present disclo-
sure, a needle guide member configured to form an in-
jection nozzle system together with a needle and a ce-
ramic hood, may comprise a nozzle holder side face at
a first end, the nozzle holder side face comprising a first
opening; a combustion zone face at a second end, the
combustion zone face comprising a second opening; a
needle guiding bore extending through the needle guide
member from the first opening to the second opening,
the needle guiding bore being configured to guide the

needle between a fuel injection state and a closed state
of the injection nozzle system; and a sealing ring recess
extending around the second opening on the combustion
zone face.
[0009] According to another aspect of the present dis-
closure, an injection nozzle system may comprise a nee-
dle, a needle guide member as exemplary disclosed
herein; a ceramic hood configured to essentially surround
the needle guide member with the exceptions of the noz-
zle holder side face of the needle guide member, the
ceramic hood comprising a blind hole fluidly connected
to the needle guiding bore via the second opening, and
to an outside of the ceramic hood via a plurality of nozzle
spray holes, and a sealing face surrounding the blind
hole ; a sealing ring arranged in the sealing ring recess
of the needle guide member; the sealing ring being made
of perfluoroelastomer and/or being formed as an o-ring;
a nozzle holder, wherein the needle guide member, and
the ceramic hood are mounted onto the nozzle holder
such that the first sealing is provided between the sealing
ring recess of the needle guide member, the sealing ring ,
and an outer section of the sealing face of the ceramic
hood, and the second sealing is provided between the
sealing face section of the needle guide member and an
inner section of the sealing face of the ceramic hood.
[0010] Other features and aspects of this disclosure
will be apparent from the following description and the
accompanying drawings.

Brief Description of the Drawings

[0011]

Fig. 1 shows a schematic block diagram of an ex-
emplary internal combustion engine system;
Fig. 2 shows a cut view of an exemplary injection
nozzle system;
Fig. 3 shows a cut view of a front end of the exemplary
injection nozzle system of Fig. 2; and
Fig. 4 shows a top view of an exemplary needle guide
member of the injection nozzle system of Fig. 2.

Detailed Description

[0012] The following is a detailed description of exem-
plary embodiments of the present disclosure. The exem-
plary embodiments described therein and illustrated in
the drawings are intended to teach the principles of the
present disclosure, enabling those of ordinary skill in the
art to implement and use the present disclosure in many
different environments and for many different applica-
tions. Therefore, the exemplary embodiments are not in-
tended to be, and should not be considered as, a limiting
description of the scope of patent protection. Rather, the
scope of patent protection shall be defined by the ap-
pended claims.
[0013] The disclosure may be based in part on the re-
alisation that improving a sealing between opposing fac-
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es of a needle guide member and a ceramic hood may
help to reduce corrosive and abrasive effects of alterna-
tive fuels on the injection nozzle system.
[0014] The disclosure may be further based in part on
the realisation that improving the conveying of leaking
fuel away from the location of leakage in the case that
the sealing between the needle guide member and the
ceramic hood cannot be completely achieved or is partly
reduced during operation of the internal combustion en-
gine. Conveying leaking fuel along desired channels and
passages reduces may further reduce corrosive and
abrasive effects of alternative fuel on the injection nozzle
system.
[0015] Accordingly, an injection nozzle system is dis-
closed, that may comprise a sealing ring arranged in a
sealing ring recess of the needle guide member to im-
prove the sealing between needle guide member and
ceramic hood.
[0016] In addition, a specific design configuration of
opposing faces of the needle guide member and the ce-
ramic hood may ensure that leaking fuel may be effec-
tively guided away from the sealing ring recess.
[0017] Fig. 1 shows a non-limiting example of an inter-
nal combustion engine system with an injection nozzle
system. The internal combustion engine system may in-
clude, for example, an engine with a cam injection pump
for a conventional pump-line-nozzle injection or an en-
gine with a common rail injection, which may be operated
more flexible, for example, to adjust an injection pres-
sure, a rail pressure, the injection timing, the number and
type of injections (for example, pre- and post-injections).
[0018] The internal combustion engine system in-
cludes a reservoir 1 for an alternative fuel such as pyrol-
ysis oil and an internal combustion engine 5. Internal
combustion engine 5 is configured to operate, for exam-
ple, with a mixture of the pyrolysis oil with additives such
as mineral oil, synthetic oil, natural oil, and/or a lubricant.
Accordingly, the internal combustion engine system may
optionally include one or more of reservoirs 2, 3 for the
additives. The internal combustion engine system may
further include a homogenizer 4. An inlet 4A of homog-
enizer 4 may be connected via corresponding lines 1A,
2A, and 3A with reservoirs 1, 2, and 3, respectively.
[0019] Internal combustion engine 5 includes at least
one fuel injection pump 5A connected via one or more
lines 4C with an outlet 4B of homogenizer 4, at least one
nozzle system 5B and at least one combustion chamber
5C. Nozzle system 5B is supplied with the pressurized
alternative fuel by fuel injection pump 5A and is config-
ured to spray, for example, a mixture of the pyrolysis oil,
the mineral oil, the synthetic oil, the natural oil, and/or
the lubricant into combustion chamber 5C.
[0020] The number of fuel injection pumps 5A, nozzle
systems 5B, and combustion chambers 5C of internal
combustion engine 5 is not specifically restricted. For ex-
ample, a stationary or mobile power system may include
for inline configurations 4, 6, 7, 8, or 9 combustion cham-
bers with one or more associated fuel injection pumps

and respective nozzle systems, while a V-configuration
of an internal combustion engine may include, for exam-
ple, 12 or 16 combustion chambers with one or more fuel
injection pumps and respective nozzle systems.
[0021] Fig. 2 shows a cut view of an exemplary em-
bodiment of an injection nozzle system 10 adapted for
injecting an alternative fuel such as pyrolysis oil into a
combustion chamber. Injection nozzle system 10 in-
cludes a needle 12, a needle guide member 14, and a
ceramic hood 30.
[0022] Needle guide member 14 and ceramic hood 30
form a two- piece injector body. Ceramic hood 30 essen-
tially surrounds needle guide member 14 with the excep-
tion of a collar 40 of needle guide member 14 at a nozzle
holder side of injection nozzle system 10 and the asso-
ciated nozzle holder side face 96 of needle guide member
14. At an injection side of injection nozzle system 10,
ceramic hood 30 provides a blind hole partly enclosing
a blind hole section 22 and comprises nozzle spray holes
24 in the wall of the blind hole.
[0023] The wall of the blind hole are rotational sym-
metrical with respect to a longitudinal axis 23 of injection
nozzle system 10, for example, the wall may be bell-
shaped, shaped as a half-sphere, or a closed cylinder.
Alternatively, the wall may not be rotational symmetrical,
for example in the form of a cube that is open at one side.
[0024] Needle guide member 14 includes nozzle hold-
er side face 96 at a first end and a combustion zone face
95 at a second end. A needle guiding bore 19 extends
from a first opening 64 in nozzle holder side face 96 to a
second opening 66 in combustion zone face 95 of needle
guide member 14 (see Fig. 3).
[0025] Referring now to Fig. 3 for a detailed view of the
front end of the exemplary injection nozzle system 10 of
Fig. 2.
[0026] A sealing ring recess 102 extends around sec-
ond opening 66 on combustion zone face 95 of needle
guide member 14. Sealing ring recess 102 is configured
as a circumferential groove. Alternatively, sealing ring
recess 102 may be configured triangular, quadrangular,
pentagonal, or hexagonal (etc).
[0027] In some embodiments, an inner side face 104
of sealing ring recess 102 may extend circumferentially
around a centre point of second opening 66 in a distance
within the range of 1.5 mm to 3 mm
[0028] A sealing ring 100 is arranged in sealing ring
recess 102 that is configured to hold sealing ring 100 for
providing a first sealing between sealing ring recess 102 ,
sealing ring 100, and sealing face 90 of ceramic hood 30
in a mounted state of injection nozzle system 10 as is
described in greater detail later on. Specifically, second
sealing is provided between sealing ring recess 102,
sealing ring 100 and an outer section of sealing face 90.
[0029] In addition, sealing ring 100 may be made of a
material that resists the chemical corrosive and mechan-
ical abrasive attack of alternative fuels. For example,
sealing ring 100 may be made of perfluoroelastomer. In
some embodiments, sealing ring 100 may be formed as
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an o-ring.
[0030] In some embodiments, sealing ring recess 102
comprises an inner side face 104, a ground face 106,
and an outer side face 108. A height of the inner side
face 104 may be greater than a height of the outer side
face 108 as shown in the configuration of Fig. 3.
[0031] Combustion zone face 95 of needle guide mem-
ber 14 includes a sealing face section 94. Sealing face
section 94 extends between second opening 66 and seal-
ing ring recess 102. For example, sealing face section
94 may be configured to annularly extend between sec-
ond opening 66 and sealing ring recess 102. Alternative-
ly, sealing face section 94 may, for example, have an
inner annular circumference transitions into second
opening 66, and an outer circumference transitions into
sealing ring recess 102 that may be, for example, trian-
gular, quadrangular, pentagonal, or hexagonal shaped
(etc.).
[0032] In addition, sealing face section 94 of needle
guide member 14 and sealing face 90 of ceramic hood
30 are configured to provide a second sealing radial with-
in the first sealing in a mounted state of injection nozzle
system 10. Specifically, second sealing is provided be-
tween sealing face section 94 and an inner section of
sealing face 90.
[0033] Combustion zone face 95 of needle guide mem-
ber 14 further includes a leakage zone face section 110
that radially extends outside of sealing ring recess 102.
For example, leakage zone face section 110 may be con-
figured to annularly extend outside of sealing ring recess
102.
[0034] Leakage zone face section 110 is at least par-
tially axially displaced in direction of nozzle holder side
face 96 with respect to sealing face section 94, for ex-
ample, due to height difference between inner side face
104 and outer side face 108 of sealing ring recess 102.
Additionally or alternatively, leakage zone face section
110 may extend at least partially at a tilt angle with respect
to sealing face section 94 within the range of 20° to 60°.
It is noted that too sharp transitions may be avoided to
smoothen the stress curve of needle guide member 14
at the injection side.
[0035] Leakage zone face section 110 of needle guide
member 14 and leakage zone face 112 of ceramic hood
30 are at least partially spaced from each other to form
at least one leakage channel 114 for providing a leakage
zone. A minimum clearance between leakage zone face
112 of ceramic hood 30 and leakage zone face section
110 of needle guide member 14 may be within the range
of 0.2 mm to 0.4 mm.
[0036] Leakage channel 114 is configured to guide
leaking fuel from the second opening 66 entering the
sealing ring recess 102 away to a pressure relief path 76
in a gap between needle guide member 14 and ceramic
hood 30.
[0037] Leakage zone face 112 of ceramic hood 30 ex-
tends radially outside of the sealing face 90 of ceramic
hood 30. Specifically, leakage zone face 112 extends

radially outside of an outer section of sealing face 90.
For example, leakage zone face 112 may be configured
to annularly extend radially outside of the outer section
of the sealing face 90 of the ceramic hood 30
[0038] Leakage zone face section 110 of needle guide
member 14 and/or leakage zone face 112 of ceramic
hood 30 may comprise one or more bars (not shown)
extending, for example, radially outward.
[0039] In some embodiments, leakage zone face 112
of ceramic hood 30 is at least partially axially displaced
in direction away from the nozzle holder 18 with respect
to sealing face 90 of the ceramic hood 30. Additionally
or alternatively, leakage zone face 112 of the ceramic
hood 30 may extend at least partially at a tilt angle with
respect to the sealing face 90 of the ceramic hood 30
within the range of 20° to 60° as shown in Fig. 3. As noted
before, too sharp transitions may be avoided to smoothen
the stress curve of ceramic hood 30.
[0040] As shown in the top view of needle guide mem-
ber 14 of Fig. 4, two blind holes 49 may be provided in
needle guide member 14 to hold bolts that ensure the
proper relative position between needle guide member
14 and nozzle holder 18.
[0041] Turning again to Fig. 2, needle 12 may be po-
sitioned in a needle guiding bore 19 of needle guide mem-
ber 14. Needle 12 is movable along needle guiding bore
19. Needle 12 is guided by needle guide member 14 be-
tween a fuel injecting (open) state and a sealed (closed)
state of injection nozzle system 10. The sealed state is
shown in Fig. 1.
[0042] A mount 16 interacts with a nozzle holder 18,
for example, via a thread connection (not shown). Mount
16 is configured to pull ceramic hood 30 towards nozzle
holder 18. For example, mount 16 may be a one-sided
threaded nut such as a sleeve nut. In the embodiment of
Fig. 1, mount 16 acts onto a mount contact face 27 of a
collar 38 of ceramic hood 30.
[0043] If mount 16 is moved towards nozzle holder 18,
ceramic hood 30 contacts sealing ring 100 and needle
guide member 14 at first at a first sealing zone 29 (as
described above in connection with the first and the sec-
ond sealing) and then at another sealing zone 31 at the
nozzle holder side of injection nozzle system 10. Collar
40 of needle guide member 14 extends between collar
38 of ceramic hood 30 and nozzle holder 18. Applying a
force onto collar 40 via collar 38 towards nozzle holder
18 allows forming a seal by tightly contacting opposing
surfaces of needle guide member 14 and nozzle holder
18. Specifically, at the injection side of injection nozzle
system 10, sealing ring 100 is compressed between seal-
ing ring recess 102 and sealing face 90 of ceramic hood
30 (see Fig. 3), thereby, forming a first sealing between
needle guide member 14 and ceramic hood 30. Further-
more, sealing face section 94 of needle guide member
14 tightly contacts sealing face 90 of ceramic hood 30,
thereby, forming a second sealing.
[0044] Nozzle holder 18 is configured to interact with
injection nozzle system 10 adapted for injecting fuel into
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a combustion chamber.
[0045] Specifically, nozzle holder 18 or a pump control
system (not shown) may include elements configured to
open and/or close a valve that is formed at the injection
side of injection nozzle system 10. The valve, for exam-
ple, may comprise a valve seat 44 of needle guide mem-
ber 14 and the tip section of needle 12.
[0046] To operate the valve, nozzle holder 18 provides
a force via a stud 42 onto needle 12 that counteracts the
force onto needle 12 caused by the supplied pressurized
fuel. In a conventional pump-line-nozzle injection sys-
tem, for example, a spring (not shown) may provide the
force that acts via stud 42 onto needle 12 to close the
valve by pressing needle 12 onto valve seat 44 thereby
sealing an opening of valve seat 44. In contrast, in a
common rail injection pump system, the force may be
applied by a pressurized hydraulic system (not shown).
[0047] Needle guiding bore 19 is shaped to form a high
pressure fuel chamber 20 between needle 12 and needle
guide member 14. High pressure fuel chamber 20 may
be located close to the nozzle holder side of injection
nozzle system 10, for example within the first third of the
injection nozzle system 10. High pressure fuel chamber
20 is connected via, for example, one, two or more high
pressure supply bores 46 (for example, two high pressure
supply bores are shown in the top view of needle guide
member 14 of Fig. 4) with corresponding high pressure
supply conduits 48 of nozzle holder 18. High pressure
supply conduits 48 is connected with sources of pressu-
rized fluids, for example, the alternative fuel and/or ad-
ditives that are usually provided by an injection pump
system.
[0048] Needle guide member 14 may be dimensioned
such that it does not deform when fuels under high pres-
sure are supplied into high pressure supply bores 46,
high pressure fuel chamber 20, and needle guiding bore
19.
[0049] Together with the requirement to provide a sim-
ilar or the same outer geometry of a conventional injection
nozzle system, the configuration of the two-piece injector
body may result in that high pressure supply bores 46
extend at a steep angle with respect to longitudinal axis
23 of injection nozzle system 10. For example, high pres-
sure supply bores 46 may extend at an angle larger than
20° for example, 25°,30°, 35° or 40°with respect to lon-
gitudinal axis 23.
[0050] The two-piece injector body results further in
that the position of high pressure fuel chamber 20 is close
to the nozzle holder side of injection nozzle system 10.
For example, high pressure fuel chamber 20 may be po-
sitioned within the nozzle holder half next to nozzle holder
18, for example, at about one third or one fourth of the
length of needle guide member 14. The position of high
pressure fuel chamber 20 may be about 20% of the length
of needle guide member 14.
[0051] A pressure relief path 76 is constituted of a
drainage 70, a gap between ceramic hood 30 and needle
guide member 14, and at least one leakage channel 114.

[0052] The above discussed requirement for the outer
geometry of injection nozzle system 10 results further in
a short first needle guiding section 80 at the nozzle holder
side of injection nozzle system 10. At the nozzle holder
side of injection nozzle system 10, needle 12 and in par-
ticular a needle collar 50 provides a seal for the pressu-
rized fuel in high pressure fuel chamber 20 in direction
of nozzle holder 18.
[0053] As the length of first needle guiding section 80
and therefore of collar 50 may be restricted in the con-
figuration of the two-piece injector body, the leakage
through the seal towards nozzle holder 18 is slightly in-
creased compared to a longer needle guiding section. In
particular for alternative fuels such as pyrolysis oil, an
increased leakage may have the advantage that a steady
leaking flow of the fuel may be ensured and thereby so-
lidification of the fuel in an outer drainage line (not shown)
may be avoided, specifically for the case that the internal
combustion engine is not operated and, for example, has
cooled down.
[0054] A second needle guiding section 82 at the in-
jection side of needle 12 may be provided to assist the
centering of needle 12 on valve seat 44. In that case,
needle 12 may contact needle guide member 14 at first
needle guiding section 80 and second needle guiding
section 82 and in the sealed valve state additionally at
valve seat 44.
[0055] Other embodiments may have only a single
needle guiding section and a more centralized high pres-
sure.
[0056] Referring to Fig. 2, needle guiding bore 19 and
needle 12 are further configured to provide a high pres-
sure fuel path from high pressure fuel chamber 20 to
valve seat 44. The high pressure fuel path accordingly
passes through second needle guiding section 82, which,
for example, may be formed by two, three or more, for
example planes or ridges contacting the wall of needle
guiding bore 19 and having fuel channels 84 in between.
At the injection side, the opening of valve seat 44 of nee-
dle guide member 14 may be sealed by the tip of needle
12 thereby controlling the injection of the alternative fuel.
[0057] On the external side of the opening of valve seat
44, in other words, outside needle guiding bore 19, blind
hole section 22 may be enclosed by ceramic hood 30
(with the exception of the opening of the blind hole).
[0058] Blind hole section 22 may be fluidly connected
via spray holes 24 to the outside of ceramic hood 30,
and, in the mounted state of injection nozzle system 10,
to the inside of the combustion chamber (cylinder head).
In Fig. 2, a wall of a cylinder head is indicated by dashed
lines 56 and 58.
[0059] In injection nozzle system 10, a high pressure
seal may be formed between needle guide member 14
and ceramic hood 30, namely above described first seal-
ing and the second sealing. Thus, in the fuel injecting
state of injection nozzle system 10, pressurized fuel may
only leave blind hole section 22 through spray holes 24
and the fuel may eject with high speed through spray
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holes 24. Accordingly the high corrosive and abrasive
feature of the alternative fuel may be supplemented with
a high mechanical abrasion of the fast flowing alternative
fuel and the small sized particles carried along with it.
[0060] Ceramic hood 30 being made of engineering
ceramics such as zirconium oxide or aluminum oxide
may be configured to resist the chemical corrosive and
mechanical abrasive attack.
[0061] Moreover, if spray holes 24 are modified
through the abrasion such that the operation of injection
nozzle system 10 does no longer fulfill its requirements,
the configuration of the two-piece injector body may allow
replacing only ceramic hood 30 while keeping needle 12
and needle guide member 14 unchanged.
[0062] In the mounted state, injection nozzle system
10 reaches through the wall of the cylinder head. A cyl-
inder head contact face 60 of ceramic hood 30 contacts
the wall of the cylinder head or a bushing (for example a
stainless steel sleeve) inserted into a hole of the wall of
the cylinder head. Accordingly, only an end face 62 of
ceramic hood 30 that includes spray holes 24 may be
exposed to the inside of the combustion chamber and
may experience directly the heat and pressure caused
by the combustion process in the combustion chamber.
[0063] Thus, besides the above described resistance
against abrasive and corrosive wear, using an engineer-
ing ceramic for ceramic hood 30 may provide thermal
insulation of injection nozzle system 10 from heat gen-
erated in the combustion chamber.
[0064] In some configuration, the use of a ceramic
hood may avoid the necessity of a cooling system adapt-
ed for cooling injection nozzle system 10. This may in
particular be the case for alternative fuels, which are sup-
plied at a relatively low temperature of about 60 °C in
contrast to HFO supplied at 150 °C.
[0065] Ceramic hood 30 is a separate part with spray
holes 24 having a diameter of, for example, about 0.7 to
0.8 mm. The specific shape of spray holes 24 may be
essential for the injection process. This may be in partic-
ular the case for conventional pump-line-nozzle injection
systems, which require an initial adjustment of the pump
parameters for a specific spray hole configuration. During
operation, changes of the shape of spray holes 24 due
to abrasive and corrosive wear may affect directly the
fuel distribution in the combustion chamber and, there-
fore, the combustion process such as efficiency and soot
formation because an adjustment of the pump parame-
ters may usually not be possible. Despite its larger flex-
ibility in the injection process, also common rail injection
systems may be sensitive for geometrical changes due
to abrasive and corrosive wear of the shape of spray
holes 24.
[0066] In contrast to a ceramic coating, ceramic hood
30 is mounted as a separate part and encloses essen-
tially the complete needle guide member 14 with the ex-
ception of one face (for contacting the nozzle holder) and
collar 40. In general, ceramic hood 30 is not in contact
with needle guide member 14 with the exception that

there may be contact at first sealing zone 29 (with above
mentioned first and second sealing), and another sealing
zone 31 in the mounted state. The surface of ceramic
hood 30 may, for example, be grinded.
[0067] To provide the high pressure seal at first sealing
zone 29 and to also ensure the sealed mounting of needle
guide member 14 to nozzle holder 18, ceramic hood 30
may be mounted under tensile stress between first seal-
ing zone 29 and another sealing zone 31. To provide the
tension in the mounted state, the length between a seal-
ing face 90 and a nozzle holder side face 92 of ceramic
hood 30 may be - in the unmounted state - shorter than
the length between sealing face section 94 and a nozzle
holder side face 96 of needle guide member 14 by a
predefined amount.
[0068] The predefined amount may be chosen such
that when ceramic hood 30 is pulled towards nozzle hold-
er 18 and is in contact with nozzle holder side face 96 of
needle guide member 14, the tensile force within ceramic
hood 30 may be preferably still in the range of elastic
behavior but may provide a sufficient sealing between
ceramic hood 30 and needle guide member 14 and nee-
dle guide member 14 and nozzle holder 18.
[0069] For example, the difference in length may be
0.05 mm or less or 0.03 mm or less, depending on the
type of ceramic material and/or the thickness of the wall
of the ceramic hood 30. To provide such a specific dif-
ference in length, besides high precision manufacturing,
a specific pair of a hood and needle guide member may
be selected from a set of pre-manufactured hoods and
needle guide members, thereby allowing a lower preci-
sion during manufacture.
[0070] To summarize the exemplary configuration of
ceramic hood 30 shown in Fig. 2, ceramic hood 30 may
comprise, at the nozzle holder side of ceramic hood 30,
collar 38 that may have a nozzle holder side face 92 and
mount contact face 27 on opposite sides. Faces 92 and
27 may extend essentially in a radial direction with re-
spect to longitudinal axis 23. Alternatively, one or both
faces 92 and 27 may be configured to have some tilt at
a predefined angle with respect to the longitudinal direc-
tion. Moreover, ceramic hood 30 may comprise, at the
injection side of ceramic hood 30, sealing face 90 on an
inner surface of ceramic hood 30 and sealing face 90
may have an opening and extend essentially orthogonal,
in other words, in a radial direction, with respect to lon-
gitudinal axis 23. Moreover, ceramic hood 30 may form
blind hole section 22 of the inner chamber at the injection
side of ceramic hood 30. Blind hole section 22 may be
fluidly connected to the inside of ceramic hood 30, for
example, via the opening in sealing face 90, and to an
outside of ceramic hood 30 via a plurality of nozzle spray
holes 24.
[0071] The blind hole section 22 being a part of the
inner chamber formed by ceramic hood 30 is fluidly con-
nected with the remaining section (volume) of the inner
chamber. The fluid connection between the blind hole
section 22 and the remaining section passes through
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second opening 66.
[0072] Moreover, ceramic hood 30 may comprise a re-
gion in which the radial extension of ceramic hood 30 is
changed. There, an inclined face 98 on the inside may
extend at an angle smaller than 50°, for example, 40°,
35°, 30°, 25°, 20°, or 15°, with respect to longitudinal axis
23 for providing a smooth change of geometry in that
region. In that central region, ceramic hood 30 may fur-
ther comprise cylinder head contact face 60 on the outer
surface of ceramic hood 30 extending essentially orthog-
onal with respect to longitudinal axis 23 (or having a pre-
defined inclination therewith).
[0073] Inclined face 98 provides a specific stress dis-
tribution in the mounted states, in other words, before
being mounted to the cylinder head and once cylinder
head contact face 60 being in contact with, for example,
the cylinder head.
[0074] In the embodiment of Fig. 2, ceramic hood 30
is partially cylindrically shaped, and at least one of sealing
face 90, mount contact face 27, nozzle holder side face
92 and cylinder head contact face 60 may be ring-
shaped.
[0075] Sealing face 90 may have a high quality, for
example plan-parallel surface shape to allow the required
sealing performance in the mounted state and the applied
high fuel pressures.
[0076] To further make ceramic hood 30 resistant
against tensile stress, smooth transitions at diameter
changes may be provided. For example, at the diameter
change in the central part of ceramic nozzle close to cyl-
inder head contact face 60, inclined face 98 may provide
a smooth transmission of force within ceramic hood 30
and, thereby, smoothen the stress profile.
[0077] In injection nozzle system 10, sealing face 90
may be configured to form a high pressure sealing with
sealing face section 94 of needle guide member 14, when
a force is applied onto mount contact face 27 in direction
of the nozzle holder side of ceramic hood 30. In an un-
mounted state of injection nozzle system 10, a distance
between sealing face 90 and nozzle holder side face 92
of ceramic hood 30 may be less than a distance between
corresponding faces 94, 96 of the needle guide member
14, thereby providing a tensile stress within ceramic hood
30 in a mounted state of injection nozzle system 10.
[0078] As mentioned above, drainage 70 may provide
together with a gap between needle guide member 14
and ceramic hood 30, and the at least one leakage chan-
nel 114, pressure relief path 76 (shown in Fig. 2). During
operation of, for example, pump-line-nozzle injection,
maximum pressures in the range of, for example, about
1500 bar to 1700 bar may occur within injection nozzle
system 10. If a proper high pressure seal may be main-
tained in first sealing zone 29 during operation, only the
small inside surface of the blind hole forming blind hole
section 22 of ceramic hood 30 is subject to those pres-
sures.
[0079] However, in the case of leakage of high pres-
sure fuel through first sealing zone 29, those pressures

of the pressurized fuel may act onto the large inside sur-
face of ceramic hood 30. For example, the relevant sur-
face subject to the maximum pressure along longitudinal
axis 23 may correspond essentially to the diameter of
ceramic hood 30 (without collar 38). The resulting large
force may then destroy ceramic hood 30 if no counter-
measures are taken.
[0080] Injection nozzle system 10 therefore may pro-
vide pressure relief path 76 to release any leaking fuel
along an unpressurized path. Specifically, any fuel leak-
ing through first sealing zone 29 may pass through the
gap between needle guide member 14 and ceramic hood
30 in direction of nozzle holder 18. In the region of collar
38, drainage 70 may guide the fuel towards collar 50 of
needle 12, where pressure relief path 76 may combine
with a leakage path through first needle guiding section
80. Thus, pressure relief path 76 may allow a controlled
removal of the fuel.
[0081] The herein disclosed concept of a pressure re-
lief path may also be applied with two-piece injector bod-
ies that use non-ceramic hoods.
[0082] Although the above described ceramic hood
concept may sufficiently insulate the nozzle system from
the high temperatures of the combustion chamber, the
configuration of the two-piece injector body may also al-
low an additional implementation of a cooling system to
provide cooling and prevent any damage to the injection
nozzle system. Such cooling may prevent, for example,
damaging valve seat 44 or weakening the high pressure
seal in first sealing zone 29 between needle guide mem-
ber 14 and ceramic hood 30 in Fig. 2.
[0083] In addition, a cooling system may absorb leak-
age through first sealing zone 29 next to valve seat 44
and, therefore, may include additionally the functionality
of a high pressure relief path to avoid destruction of ce-
ramic hood 30 due to over pressure. In that case, a pres-
sure relief path as discussed above in connection with
Fig. 2 may not be required.
[0084] For the various injection nozzle systems dis-
closed herein, materials for use with alternative fuels may
have an increased corrosion resistance. For the needle
guide members and the needles, the materials may be
sufficiently resistant with respect to slow flowing fuels
(reduced mechanical abrasion compared to the spray
holes) and with respect to the chemical exposure to the
acidity (in other words, to a low pH value) of, for example,
alternative fuels.
[0085] Exemplary materials for needle guide members
and for needles include tempered tool steel and, in par-
ticular, austenitic steel, for example cobalt-chromium
steel. In addition, all or selected sections of the surfaces
of the needles or needle guide members may be coated
with diamond-like carbon (DLC).
[0086] Exemplary materials for the hoods may include
engineering ceramics such as oxide ceramics and non-
oxide ceramics or other ceramic materials that are resist-
ant against corrosion and abrasion by for example acidic
alternative fuels (or a combination of two or more of those
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materials).
[0087] Examples for oxide ceramics may include alu-
minum oxide, magnesium oxide, aluminium titanate, ti-
tanium dioxide and zirconium dioxide (including, for ex-
ample, partially stabilized (PSZ), fully stabilized (FSZ),
and tetragonal zirconia polychristal (TSZ)).
[0088] Examples for non-oxide ceramics may include
carbides and nitrides. Exemplary carbides include silici-
um carbide (SiC) (for example, recrystallized SiC, nitride
bonded SiC, pressureless sintered SiC, silicon infiltrated
SiC, hot pressed SiC, hot isostatically pressed SiC, liquid
phase sintered SiC), boron carbide, and tungsten car-
bide. Exemplary nitrides include silicon nitride (SN) (for
example, sintered SN, reaction-bonded SN, hot pressed
SN), silicon oxy-nitride, aluminium nitride, boron nitride,
and titanium nitride.
[0089] In some embodiments, the hood may also be
made of the materials discussed above for the needle
and/or the needle guiding member.
[0090] In some embodiments, one or more of the var-
ious faces, which are shown in the drawings for the dis-
closed embodiments to extend in a radial extension, spe-
cifically faces 27 and 92, may include sections that extend
at an angle of for example 5°, 10°, 15°, 20°, 25°, or 30°
with respect to the radial direction (which is, for example,
orthogonal to the longitudinal axis 23 shown in Fig. 2).
[0091] Exemplary dimensions for an injection nozzle
system disclosed herein may include a length of the hood
and needle guide element of about 100 mm, an outer
diameter of the hood of about 40 mm, a wall thickness
of the ceramic hood of about 5 mm. The difference in
length discussed above for the hood and the needle guide
member in the unmounted state is, for example, 1/10.000
of the length of the hood. In this example, the ceramic
hood stretches by several ten micrometer.
[0092] Although the figures show a hood configuration
that does not surround the collar of the needle guide el-
ement, the ceramic hood may generally also be shaped
to extend at least partly over the collar, specifically be-
yond nozzle holder side face 96 onto the radial outside
face of collar 40. For example, a ceramic hood may only
not cover the face of the needle guide element directed
to the nozzle holder.
[0093] In general, it may be advantageous to provide
a ceramic hood with a distance between the needle guide
member contacting faces that is as large as possible to
increase the effective length of the hood onto which the
tensile stress may be distributed.
[0094] In general, the relative difference in the distance
between the respective contact faces of the needle guide
member and the ceramic hood may provide a predefined
pretension of the ceramic hood and, therefore, a prede-
fined sealing force. Depending on, for example the type
of the material, and the thickness of the ceramic hood,
this relative difference may vary for optimal sealing. The
herein disclosed relative difference in length may take
also into consideration that the mounting of, for example,
injection nozzle system 10 to the cylinder head may

cause an additional stress onto, for example., ceramic
hood 30 via cylinder head contact face 60, which may
also affect the stress profile within ceramic hood 30.
[0095] Although the drawings show primarily rotational
symmetric configurations of the outer shape of the injec-
tion nozzle systems and therefore needle guiding ele-
ments and hoods, also other shapes such as square or
oval shapes may be in general be provided.

Industrial Applicability

[0096] The disclosed injection nozzle systems may al-
low maintaining an outer shape of a conventional nozzle
system. Thus, the disclosed nozzle systems may thereby
simplify the modification of injection systems adapted for
use with alternative fuels such as pyrolysis oil. Moreover,
the disclosed nozzle system may fulfill geometric bound-
ary conditions of known nozzle system, thereby simpli-
fying a replacement of a conventional nozzle system with
the herein disclosed nozzle systems.
[0097] Herein, the term "internal combustion engine"
may refer to internal combustion engines which may be
used as main or auxiliary engines of stationary power
providing systems such as power plants for production
of heat and/or electricity as well as in ships/vessels such
as cruiser liners, cargo ships, container ships, and tank-
ers.
[0098] In addition, the term "internal combustion en-
gine" as used herein is not specifically restricted and
comprises any engine, in which the combustion of a fuel
occurs with an oxidizer to produce high temperature and
pressure gases, which are directly applied to a movable
component of the engine, such as pistons or turbine
blades, and move it over a distance thereby generating
mechanical energy. Thus, as used herein, the term "in-
ternal combustion engine" comprises piston engines and
turbines, which can, for example, be operated with alter-
native fuels such as pyrolysis oil.
[0099] Examples of such engines that are suitable for
adaptation to alternative fuels include medium speed in-
ternal combustion diesel engines, like inline and V-type
engines of the series M20, M25, M32, M43 manufactured
by Caterpillar Motoren GmbH & Co. KG, Kiel, Germany,
operated in a range of 500 to 1000 rpm.
[0100] In some embodiments, injection nozzle sys-
tems may comprise one or more features of a needle, a
needle guide member comprising a bore configured for
guiding the needle between a fuel injection state and a
closed state of the injection nozzle system, and a nozzle
hood, for example, a ceramic hood, surrounding essen-
tially the needle guide member with the exception of a
face of the needle guide member at a nozzle holder side
of the injection nozzle system. The nozzle hood may com-
prise a blind hole and the inner chamber of the hood may
comprise a blind hole section fluidly connected via an
opening to a high pressure fuel path of the injection noz-
zle system and via a plurality of nozzle spray holes to an
outside of the hood at an injection side of the injection
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nozzle system. The bore of the needle guide member
may be configured to provide a high pressure chamber
within an upper third of the needle guide member next
to the nozzle holder side and a high pressure supply bore
may be configured to connect the high pressure chamber
with the face of the needle guide member at the nozzle
holder side and to be inclined with respect to a longitu-
dinal axis of the nozzle system at an angle greater than
20°.
[0101] Alternative or additional implementations of in-
jection nozzle systems may further include, for example,
one or more of the following features.
[0102] In injection nozzle systems, the supply bore
may be connected to the high pressure chamber at a
position that is located at 35%, 30%, 25%, 20%, or 15%
of the length of the needle guide member measured from
the nozzle holder side.
[0103] In injection nozzle systems, the high pressure
supply bore may be inclined with respect to the longitu-
dinal axis of the nozzle system at an angle greater than
25°, 30°, 35° or 40°
[0104] In injection nozzle systems, a material thick-
ness of the needle guide member around the high pres-
sure supply bore and the bore may be configured to es-
sentially not deform under the pressure of a supplied
pressurized fuel during operation.
[0105] In injection nozzle systems, the bore may com-
prise a first needle guiding section between the high pres-
sure chamber and a collar of the needle. The length of
first needle guiding section may be 30%, 20%, 15%, 10%
or 5% of the extension of the needle guiding member
along the longitudinal axis.
[0106] In injection nozzle systems, the bore may com-
prise a second needle guiding section close to the injec-
tion side that is in interaction with the needle. The second
needle guiding section may comprise regions in which
the needle and the bore contact each other and regions
that provide a passage for the pressurized fuel during
operation. The second needle guiding section may be
configured to assist centralizing needle on a valve seat
of the needle guide member.
[0107] In injection nozzle systems, a plurality of high
pressure supply bores may be configured to supply one
or more fluids to the high pressure chamber during op-
eration.
[0108] In injection nozzle systems, the needle guiding
member may be configured to form a valve seat with an
opening at the injection side, and the needle may be con-
figured for sealing the opening of the valve seat.
[0109] In injection nozzle systems, a nozzle hood may
be configured to essentially surround the needle guide
member with the exception of a face of the needle guide
member at a nozzle holder side of the injection nozzle
system, the nozzle hood comprising a blind hole such
that a blind hole section of an inner chamber of the hood
is fluidly connected, for example, via an opening, to a
high pressure fuel path of the injection nozzle system
and via a plurality of nozzle spray holes to an outside of

the nozzle hood. In the mounted state, the nozzle hood
and the needle guide member may contact each other
essentially only at a first sealing zone and at a second
sealing zone and form a gap between the hood and the
needle guide member and the gap may be limited by the
first sealing zone and the second sealing zone, and the
injection nozzle system may comprise a pressure relief
path connecting the gap with an outside of the injection
nozzle system at the nozzle holder side.
[0110] In injection nozzle systems, the needle may
comprise a collar at the nozzle holder side and the needle
guide member may comprise a bore in which the needle
is positioned and a drainage connecting the gap with the
bore in a region of the collar of the needle.
[0111] In injection nozzle systems, the needle guide
member may comprise a collar, a pressure relief bore
within the collar, and a channel formed on a face of the
needle guide member at a nozzle holder side, the pres-
sure relief bore connecting the gap with the channel and
extending radially inwards.
[0112] In injection nozzle systems, the channel may
be a groove on the face of the needle guide member at
the nozzle holder side.
[0113] In injection nozzle systems, the needle guide
member may comprise a channel formed on a surface
of a collar of the needle guide member and extending
from the gap to a central region of the face of the needle
guide member at the nozzle holder side.
[0114] The pressure relief path may be configured to
provide a low pressure passage for fuel leaking through
the first sealing zone during operation.
[0115] In injection nozzle systems, the hood may be
made of an engineering ceramic such as zirconium oxide
or aluminium oxide.
[0116] Injection nozzle systems may be configured
such that the nozzle hood and the needle guide member
contact each other essentially only at the first sealing
zone and at the second sealing zone in the mounted
state.
[0117] Although the preferred embodiments of this in-
vention have been described herein, improvements and
modifications may be incorporated without departing
from the scope of the following claims.

Claims

1. A needle guide member (14) configured to form an
injection nozzle system (10) together with a needle
(12) and a ceramic hood (30), the needle guide mem-
ber (14) comprising:

a nozzle holder side face (96) at a first end, the
nozzle holder side face (96) comprising a first
opening (64);
a combustion zone face (95) at a second end,
the combustion zone face (95) comprising a sec-
ond opening (66);
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a needle guiding bore (19) extending through
the needle guide member (14) from the first
opening (64) to the second opening (66), the
needle guiding bore (19) being configured to
guide the needle (12) between a fuel injection
state and a closed state of the injection nozzle
system (10); and
a sealing ring recess (102) extending around the
second opening (66) on the combustion zone
face (95).

2. The needle guide member (14) of claim 1, wherein
the sealing ring recess (102) is configured as a cir-
cumferential groove.

3. The needle guide member (14) of claim 1 or 2, where-
in the sealing ring recess (102) is configured to hold
a sealing ring (100) for providing a first sealing be-
tween the sealing ring recess (102), the sealing ring
(100), and a sealing face (90) of the ceramic hood
(30) in a mounted state of the injection nozzle system
(10).

4. The needle guide member (14) of any one of claims
1 to 3, wherein the sealing ring recess (102) com-
prises an inner side face (104), a ground face (106),
and an outer side face (108), and a height of the
inner side face (104) is greater than a height of the
outer side face (108).

5. The needle guide member (14) of any one of claims
1 to 4, wherein the combustion zone face (95) further
comprises a sealing face section (94) extending be-
tween the second opening (66) and the sealing ring
recess (102), the sealing face section (94) being con-
figured to provide a second sealing between sealing
face section (94) and a sealing face (90) of the ce-
ramic hood (30) in a mounted state of the injection
nozzle system (10), the second sealing being radial
within a first sealing.

6. The needle guide member (14) of claim 5, wherein
the sealing face section (94) is configured to annu-
larly extend between the second opening (66) and
the sealing ring recess (102).

7. The needle guide member (14) of any one claims 1
to 6, wherein the combustion zone face (95) further
comprises a leakage zone face section (110) extend-
ing from the sealing ring recess (102) radially out-
side, the leakage zone face section (110) being con-
figured to form a part of a pressure relief path (76).

8. The needle guide member (14) of claim 7, wherein
the leakage zone face section (110) is configured to
annularly extend radially outside of the sealing ring
recess (102).

9. The needle guide member of any one of claim 7 or
8, wherein the leakage zone face section (110) is at
least partially axially displaced in direction of the noz-
zle holder side face (96) with respect to a sealing
face section (94); and/or
the leakage zone face section (110) extends at least
partially at a tilt angle with respect to the sealing face
section (94) within the range of 20° to 60°.

10. The needle guide member (14) of any one of claims
1 to 9, wherein an inner side face (104) of the sealing
ring recess (102) extends circumferentially around
a centre point of the second opening (66) in a dis-
tance within the range of 1.5 mm to 3 mm.

11. An injection nozzle system (10) comprising:

a needle (12);
a needle guide member (14) of any one of claims
1 to 10;
a ceramic hood (30) configured to essentially
surround the needle guide member (14) with the
exceptions of the nozzle holder side face (96)
of the needle guide member (14), the ceramic
hood (30) comprising a blind hole (22) fluidly
connected to the needle guiding bore (19) via
the second opening (66), and to an outside of
the ceramic hood (30) via a plurality of nozzle
spray holes (24), and a sealing face (90) sur-
rounding the blind hole (22);
a sealing ring (100) arranged in the sealing ring
recess (102) of the needle guide member (14),
the sealing ring (100) being made of perfluoroe-
lastomer and/or being formed as an o-ring;
a nozzle holder (18), wherein the needle guide
member (14), and the ceramic hood (30) are
mounted onto the nozzle holder (18) such that
the first sealing is provided between the sealing
ring recess (102) of the needle guide member
(14), the sealing ring (100), and an outer section
of the sealing face (90) of the ceramic hood (30),
and the second sealing is provided between the
sealing face section (94) of the needle guide
member (14) and an inner section of the sealing
face (90) of the ceramic hood (30).

12. The injection nozzle system (10) of claim 11, wherein
at least one leakage channel (114) is provided be-
tween the leakage zone face section (110) of the
needle guide member (14), and a leakage zone face
(112) of the ceramic hood (30), the leakage zone
face (112) of the ceramic hood (30) extends radially
outside of the outer section of the sealing face (90)
of the ceramic hood (30).

13. The injection nozzle system of claim 11 or 12, where-
in a leakage zone face (112) of the ceramic hood
(30) is configured to annularly extend radially outside
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of the outer section of the sealing face (90) of the
ceramic hood (30).

14. The injection nozzle system of any one of claims 11
to 13, wherein a minimum clearance between a leak-
age zone face (112) of the ceramic hood (30) and
the leakage zone face section (110) of the needle
guide member (14) is within the range of 0.2 mm to
0.4 mm.

15. The injection nozzle system of any one of claims 11
to 14, wherein a leakage zone face (112) of the ce-
ramic hood (30) is at least partially axially displaced
in direction away from the nozzle holder (18) with
respect to the sealing face (90) of the ceramic hood
(30); and/or
a leakage zone face (112) of the ceramic hood (30)
extends at least partially at a tilt angle with respect
to the sealing face (90) of the ceramic hood (30) with-
in the range of 20° to 60°.
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