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(57)  Avalve assembly (1) is disclosed comprising a
valve body (3) which has a central longitudinal axis (L)
and comprises a cavity (5) with a lower cavity portion (7)
and afluid outlet portion (9) with a seal seat (11). It further
comprises two or more flow passages (13) being ar-
ranged radially asymmetrical with respect to the longitu-
dinal axis (L). The flow passages (13) are either arranged
axially between the lower cavity portion (7) and the seal
seat (11) and penetrate the valve body (3) from the lower
cavity portion (7) towards the fluid outlet portion (9) up-
stream of the seal seat (11) or the valve assembly com-
prises a throttling element (15) which is arranged in the
lower cavity portion (7) of the cavity (5) and axially spaced
apart from the seal seat (11) and the flow passages (13)
penetrate the throttling element (15).

FIG 1A

~—L

FIG 1B

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 103 999 A1 2

Description

[0001] The invention relates to a valve assembly for
an injection valve and to an injection valve for a combus-
tion engine.

[0002] Injection valves are in widespread use, in par-
ticular for combustion engines where they may arranged
in order to dose a fluid into an intake manifold of the
combustion engine or directly into acombustion chamber
of a cylinder of the combustion engine.

[0003] In general, an injection valve provides a fluid
spray during an operation. The shape of the fluid spray
is influenced by a flow field of fluid upstream of a sealing
area in the injection valve. A distribution of the fluid spray
further depends on the geometry of the injector nozzle
that is formed, for example, by a valve needle and a car-
tridge of the injection valve in the case of an outward
opening injection valve. For example, outward opening
injection valves may provide a hollow cone fluid spray
structure during an operation.

[0004] Injection valves are manufactured in various
forms in order to satisfy the various needs for the various
combustion engines. Therefore, for example, their posi-
tioning, their diameter and all the various elements of the
injection valve being responsible for the way the fluid is
dosed into a combustion chamber may vary in a wide
range. Some combustion engines require side mounted
injection valves and multi stream configurations that bet-
ter fit the geometrical constraint of the combustion cham-
ber. Therefore, it is beneficial to enable an asymmetrical
fluid spray out of the injection valve for reasons of an
enhanced combustion process.

[0005] One object of the invention is to specify a valve
assembly for an injection valve which enables a reliable
and secure functioning of an injection valve to realize in
a simple manner an asymmetrical fluid spray during op-
eration.

[0006] Theobjectisachieved byavalve assembly hav-
ing the features of the claim 1. Advantageous embodi-
ments of the invention are given in the dependent claims.
[0007] According to a first aspect of the invention, a
valve assembly for an injection valve is specified. Ac-
cording to a second aspect, of the invention, an injection
valve for a combustion engine is specified which com-
prises the valve assembly.

[0008] The valve assembly comprises a valve body.
The valve body includes a central longitudinal axis and
has a cavity. The cavity may expediently extend through
the valve body in axial direction.

[0009] The cavity comprisesalower cavity portion and,
adjacent to the lower cavity portion, a fluid outlet portion
with a seal seat. In one embodiment, the lower cavity
portion has a circular cylindrical basic shape and the fluid
outlet portion expands conically from the lower cavity por-
tion in downstream direction. In one embodiment, the
lower cavity portion and the fluid outlet portion merge at
a common interface.

[0010] In one embodiment, the valve assembly further
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comprises a valve needle which is arranged axially move-
able in the cavity and which is configured to prevent a
fluid flow through the fluid outlet portion in a closing po-
sition in coaction with the seal seat and to release the
fluid flow in further positions. The injection valve is in
particular an outward opening injection valve, i.e. the
valve needle is displaceable in axial direction from the
lower cavity portion towards the seal seat for releasing
the fluid flow, i.e. for unsealing the valve.

[0011] The valve assembly has two or more flow pas-
sages which are arranged radially asymmetrical with re-
spect to the longitudinal axis. For example, the flow pas-
sages are unevenly distributed around the longitudinal
axis and/or atleast two circumferentially subsequent flow
passages have different cross-sectional areas.

[0012] In one embodiment, the flow passages are ar-
ranged axially between the lower cavity portion and the
seal seat of the fluid outlet portion with respect to the
longitudinal axis and penetrate the valve body from the
lower cavity portion towards the fluid outlet portion up-
stream of the seal seat.For example, the valve body has
aradially inward protruding guide portion for axially guid-
ing the valve needle. The guide portion may represent a
throttling element for fluid flowing through the cavity to-
wards the seal seat during operation of the valve assem-
bly. An upstream surface of the guide portion may rep-
resent a bottom surface of an upper cavity portion of the
cavity, delimiting the upper cavity portion in downstream
direction where it in particular merges with the lower cav-
ity portion. The lower cavity portion may be shaped by
the guide portion, in particular by an inner lateral surface
of the guide portion. The fluid outlet portion is in one de-
velopment shaped by a downstream surface of the guide
portion which is in particular a conical surface. In one
embodiment, the flow passages extend through the guide
portion in axial direction.

[0013] In another embodiment, the valve assembly
comprises a separate throttling element which is ar-
ranged in the lower cavity portion of the cavity - in par-
ticular axially spaced apart from the seal seat - and the
flow passages penetrate the throttling element.

[0014] Such configurations provide a simple and reli-
able possibility to realize an asymmetrical fluid spray dur-
ing operation of the valve assembly or the corresponding
injection valve. In this context, the asymmetrical fluid
spray is realized by the asymmetrical arrangement of the
flow passages above the seal seat of the fluid outlet por-
tion. "Above the seal seat" or "upstream of the seal seat"
describes a position in axial direction of the cavity from
the seal seat towards the lower cavity portion. The asym-
metrical arrangement of the flow passages enables an
asymmetrical fluid spray and hence locally influences the
fluid mass and velocity and thus the distribution of the
fluid can be controlled. This further effects a penetration
of the fluid spray out of the valve assembly or the corre-
sponding injection valve into a combustion chamber.
[0015] The described valve assembly influences the
fluid flow of a streaming fluid and hence a mass distribu-
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tion of the fluid at the fluid outlet portion. Because of the
asymmetrical arrangement of the two or more flow pas-
sages the fluid can be locally accelerated and modulated.
The fluid distribution is further influenced by a nozzle
cross-section which provides a final angle to the fluid
spray as well as its own thickness. Such an arrangement
of the valve assembly enables side mounting of injection
valves, for example, without having a high risk for wetting
the cylinder surfaces of the combustion chamber with the
fuel spray dispensed from the injection valve. In this con-
text, the valve assembly enables an asymmetrical distri-
bution of the thin fluid spray of gasoline mass which helps
mixture spray formation reducing the momentum and
therefore the penetration as well as the film thickness.
Furthermore, outward opening injection valves are ro-
bust against flow drift phenomena produced by coking
for example. Hence, the described valve assembly ena-
bles multi-stream configurations using outward opening
injection valves to better fit the geometrical constraint of
the combustion chamber geometry amongst others. It
further makes a contribution to prevent a spray collapse
in case of small spray angles.

[0016] When a separate throttling element comprises
the flow passages, the other elements of the valve as-
sembly do not have to be modified, for example concern-
ing their geometry or design for changing the shape of
the fluid spray. This allows for a particular cost-efficient
valve design, in particular by using the same valve body
for valve assemblies having different spray distributions.
[0017] The flow passages can be drilled into the valve
body or the separate throttling element using a laser
beam like femtosecond laser drilling or drilling by electri-
cal discharge machining. Other manufacturing process-
es are also possible.

[0018] With advantage, the valve assembly makes it
possible to precisely modulate or inhibit the fluid flow
above the seal seat. Hence, it enables to adjust a tan-
gential distribution of the fluid spray out of the fluid outlet
portion consequently. The geometry of the flow passages
that feed the area above the seal seat can easily been
customized for different central and side applications, for
example by drilling as mentioned above. Therefore, by
forming the flow passages into the valve body or the throt-
tling element a desirable flow throttling of the fluid can
be reached and hence a consequent reduction of fluid
penetration and fluid distribution to meet the require-
ments for a respective application.

[0019] The described asymmetrical arrangement of
the flow passages can also be used to minimize flow
sensitivity to lift tolerances of a valve needle of a solenoid
outward opening injection valve, for example.

[0020] Such valve assemblies and corresponding in-
jection valves are beneficial to provide an increased flex-
ibility in fluid spray customization with respect to central
and side mounted applications. Another benefitis an im-
proved robustness towards fluid spray architecture col-
lapse for compact fluid sprays under flash boiling condi-
tions. The described configurations of the flow passages
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further provide an elimination of fluid flow drift due to cok-
ing and reduced wetting potential by thin fluid spray ap-
plications. And it makes a contribution to eliminate issues
due to emptying of a sac volume of the valve assembly
or the injection valve during closure.

[0021] According to one embodiment, the throttling el-
ement comprises a ring shape and an opening to enable
an arrangement of a valve needle with respect to the
longitudinal axis. In other words, the ring shape compris-
es the opening. The opening extends through the throt-
tling elementin axial direction for receiving the valve nee-
dle. In particular, the valve needle extends through the
opening of the ring-shaped throttling element in axial di-
rection. In one development, the throttling element is op-
erable to guide the valve needle axially with respect to
the valve body.

[0022] This embodiment describes one simple geom-
etry of the throttling element which realizes a symmetrical
arrangement of the valve assembly or a corresponding
injection valve. For example, the throttling element sur-
rounds the valve needle of the injection valve which is
axially movable with respect to the longitudinal axis. The
throttling element may be fixedly connected to the valve
needle and hence being axially movable as well or it may
be fixedly connected to the valve body - or in one piece
with the valve body - and hence retains inits axial position
relatively to the valve body.

[0023] The asymmetrical arrangement of the two or
more flow passages through the throttling element ena-
bles an asymmetrical fluid spray during operation of the
valve assembly and therefore advantageous fluid spray
conditions for a side-mounted outward opening injection
valves, for example.

[0024] According to a further embodiment of the sec-
ond aspect, the flow passages are designed as grooves
in a lateral surface on the throttling element. This may
allow for a particularly good lubrication when surfaces of
the valve needle or the valve body and the throttling el-
ement are in sliding contact for axially guiding the valve
needle. In another embodiment, the flow passages are
spaced apart from the opening of the throttling element
in radial outward direction. In this way, a particularly ef-
fective modification of the spray distribution may be
achievable.

[0025] According to an embodiment of the first or sec-
ond aspect, the flow passages are arranged in a circle
with respect to the longitudinal axis. For example, the
geometrical centers of gravity of cross-sections of the
flow passages in a plane - in particular in each plane -
perpendicular to the longitudinal axis are positioned on
asingle circle which extends around the longitudinal axis,
in particular in said plane and which preferably has its
center on the longitudinal axis. For example, in atop view
of the valve assembly along the longitudinal axis, the
circle may consist of a first and a second semicircle.
There may be four flow passages arranged on the first
semicircle which penetrate the valve body or the throttling
element. The second semicircle may only comprise one
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flow passage penetrating the valve body or the throttling
element. Furtherembodiments may comprise other num-
bers of flow passages regarding the respective semicir-
cles.

[0026] Accordingtoanotherembodiment, the flow pas-
sages have a circular cross-sectional shape. Such a con-
figuration of the flow passages describes a simple way
to realize flow passages penetrating the valve body or
the throttling element especially by drilling. This enables,
in a simple manner, an arrangement of the two or more
flow passages to the valve body or to the throttling ele-
ment and hence to reach the desired flow throttling of the
fluid and the given asymmetric fluid spray out of the valve
assembly. In one development, each flow passage com-
prises a diameter and at least one diameter differs from
the others. In other words, at least two of the flow pas-
sages have different diameters. The "diameter" is in the
present context the outer diameter which defines the
cross-sectional contour of the respective flow channel.
In this way, an asymmetrical fluid spray is achievable in
particularly simple fashion by drilling.

[0027] Forexample, with respectto a plane comprising
the longitudinal axis and dividing the throttling element
and the valve body in a first half and a second half, there
are three flow passages penetrating the first half of the
throttling element or the valve body and another three
flow passages penetrating the second half. In one exem-
plary development, the three flow passages penetrating
the first half may have a diameter which is twice as large
as that of the three flow passages on the second half.
Hence, there is an asymmetrical fluid flow realized during
operation of the valve assembly which enables an asym-
metrical fluid spray into a combustion chamber of a com-
bustion engine which, for example, is beneficial for multi-
stream and/or side-mounted configurations of injection
valves.

[0028] Accordingtoanotherembodiment, the flow pas-
sages are tilted with respect to the longitudinal axis. A tilt
of the flow passages also influences the fluid flow and
the generation of an asymmetrical fluid spray out of the
valve assembly. In this context, one or more flow pas-
sages comprise a hole axis which includes a given - in
particular acute - angle with respect to the longitudinal
axis. It is further possible that the flow passages include
different angles with the longitudinal axis.

[0029] According to an embodiment, the throttling el-
ement is one part of the valve needle. The throttling el-
ement and the valve needle may be manufactured from
one blank, for example in this case. Alternatively, the
throttling element can be a separate piece which is fixedly
connected to the valve needle, for example by a welded
connection and/or by a friction fit connection and/or by a
form fit connection. As a further alternative, the throttling
element can be a separate piece which is fixedly con-
nected to the valve body, for example by a friction fit
connection and/or by a form fit connection and/or by a
welded connection. In each case, the throttling element
can function as a guide element for axially guiding the
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valve needle relative to the valve body.

[0030] Exemplary embodiments of the invention are
explained in the following with the aid of schematic draw-
ings and reference symbols.

[0031] In the figures:

Figure 1a  shows a valve assembly for an injection
valve according to afirstexemplary embod-
iment in a longitudinal section view;
Figure 1b  shows the valve assembly according to the
first embodiment in a cross-sectional view;
Figure 2a  shows a valve assembly for an injection
valve according to a second exemplary em-
bodiment in a longitudinal section view;
Figure 2b  shows the valve assembly according to the
second embodiment in a cross-sectional
view;

Figure 3a  shows avalve assembly according to a third
exemplary embodiment in a longitudinal
section view;

Figure 3b  shows the valve assembly according to the
third embodiment in a cross-sectional view;
Figure 4a shows a valve assembly according to a
fourth exemplary embodiment in a longitu-
dinal section view; and

Figure 4b  shows the valve assembly according to the
fourth embodiment in a cross-sectional
view.

[0032] In the exemplary embodiments and figures,
identical, similar or similarly acting constituent parts are
provided with the same reference symbols. In some fig-
ures, individual reference symbols may be omitted to im-
prove the clarity of the figures. The elements illustrated
in the figures and their size relationships among one an-
other should not be regarded as true to scale. Rather,
individual elements may be represented with an exag-
gerated size for the sake of better representability and/or
for the sake of better understanding.

[0033] Figure 1a shows a cross section of a valve as-
sembly 1 for an injection valve 30 according to a first
exemplary embodimentin alongitudinal section view with
respect to a longitudinal axis L.

[0034] The valve assembly 1 comprises a valve body
3including the longitudinal axis L and having and a cavity
5. The cavity 5 comprises an upper cavity portion 6, a
lower cavity portion 7 downstream of the upper cavity
portion 6 and, adjacent to and downstream of the lower
cavity portion 7, a fluid outlet portion 9. During operation
of the valve assembly 1, fluid may flow through the cavity
5 in downstream longitudinal direction from the upper
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cavity portion 6 through the lower cavity portion 7 to the
fluid outlet portion 9 to be dispensed from the valve as-
sembly 1 at the fluid outlet portion 9.

[0035] The valve assembly 1 further comprises a valve
needle 31. The valve needle 31 and the seal seat 11 are
configured and arranged to act together to prevent a fluid
flow out of the fluid outlet portion 9 in a closed position
of the valve needle 31. In the closed position, a sealing
element of the valve needle 31 is in sealing mechanical
contact with the seal seat 11. In the present embodiment,
the sealing element has a conical surface which is oper-
able to establish the sealing mechanical contact with the
valve seat 11. At the upstream axial end of said conical
surface, the sealing element merges with a shaft of the
valve needle 31. The shaft may have the general shape
of a cylindrical rod.

[0036] The valve needle 31 is axially displaceable in
downstream axial direction along the longitudinal axis L
to establish a gap between the seal seat 11 and the seal-
ing element for enabling fuel flow out of the cavity 5
through the fluid outlet portion 9. The valve assembly 1
is in particular a valve assembly 1of an outward opening
injection valve 30.

[0037] The valve assembly 1 further comprises a throt-
tling element 15. The throttling element 15 is a separate
piece which is arranged in the lower cavity portion 7 of
the cavity 5 upstream of the seal seat 11.

[0038] The throttling element 15is ring-shaped, having
a penetrating opening which extends longitudinally
through the throttling element 15.The throttling element
15 contacts a wall of the valve body 3. More specifically
it is in press-fit and form-fit connection with the circular
cylindrical side surface of the lower cavity portion 7 of
the cavity 5 of the valve body 3 so that it has a fixed
position relative to the valve body 3.

[0039] An upstream surface of the throttling element
15represents abottom surface of the upper cavity portion
6. The fluid outlet portion 9 is positioned downstream of
the throttling element 15. In the present embodiment, the
fluid outlet portion 9 has a conical circumferential surface
which comprises the seal seat 11, for example adjacent
to a downstream edge of the conical circumferential sur-
face.

[0040] The valve needle 31 extends through the open-
ing of the throttling element 15 so that it is in sliding me-
chanical contact with the throttling element 15. In this
way, the throttling element 15 represents a guide element
14 for axially guiding the valve needle 31 relative to the
valve body 3.

[0041] The throttling element 15 comprises two or
more flow passages 13 which penetrate the throttling el-
ement 15 and which are arranged radially asymmetrical
with respect to the longitudinal axis L. The flow passages
13 of the throttling element 15 end upstream of the seal
seat 11 and preferably also upstream of the sealing ele-
ment of the valve needle. For instance, the flow passages
13 have circular cross-sectional shapes but with different
diameters and are asymmetrically positioned on a circle
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around the longitudinal axis L.

[0042] Figure 1b shows a cross section of the valve
assembly 1 according to the first embodiment in a cross-
sectional view on the plane 1b-1b (see Fig. 1a).

[0043] In the present exemplary embodiment, the
throttling element 15 comprises six flow passages 13
which have a circular cross-sectional shape and which
are substantially arranged in a circle. With respect to a
reference line A-A’ which imaginarily subdivides the throt-
tling element 15 into a first half (the left half in Fig. 1b)
and a second half (the right half in Fig. 1b), there are
three flow passages 13 arranged on the left half and only
one flow passage 13 on the right half. Two further flow
passages 13 are positioned symmetrically with respect
to the reference line AA’.

[0044] The three flow passages 13 in the left half have
a larger diameter which is larger than the diameter of the
flow channel 13 in the right half and also than the diam-
eters of the two flow passages 13 which are positioned
symmetrically with respect to the reference line AA'.
Hence, with respect to the reference line AA’ the flow
passages 13 are asymmetrically arranged around the
valve needle 31 or around the longitudinal axis L.
[0045] Inthe presentembodiment, the all flow passag-
es 13 have a central axis which is parallel to the longitu-
dinal axis L. However, itis also possible that one or more
flow passages 13 are tilted with respect to the longitudinal
axis L to further influence throttling of the fluid flow and
the generation of an asymmetrical fluid spray.

[0046] With the valve assembly 1 according to the
present embodiment, an asymmetrical fluid spray is sim-
ply and reliably achievable during operation. The asym-
metrical fluid spray is realized by the asymmetrical ar-
rangement of the flow passages 13 above the seal seat
11 of the fluid outlet portion 9.

[0047] The described valve assembly 1 influences the
fluid flow of a streaming fluid and hence a mass distribu-
tion of the fluid at the fluid outlet portion 9. Because of
the asymmetrical arrangement of the two or more flow
passages 13 the fluid can be locally accelerated and
modulated. The asymmetrical arrangement of the flow
passages 13 enables an asymmetrical fluid spray and
hence locally influences the fluid mass and velocity, thus
the distribution of the fluid can be controlled. This may
influence a penetration of the fluid spray out of the valve
assembly 1 or the injection valve 30 into a combustion
chamber, for example.

[0048] Such an arrangement of the valve assembly 1
enables side mounting of the outward opening injection
valve 30, for example. Outward opening injection valves
may be beneficial for side mounting applications because
of their robustness against flow drift phenomena pro-
duced by coking, for example. Hence, the described
valve assembly 1 and injection vale 30 enables multi-
stream configurations using outward opening injection
valves to better fit a geometrical constraint of a combus-
tion chamber geometry amongst others. Furthermore, it
makes a contribution to less sensitiveness to carbon de-
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posits over time that lead to tip sooting, for example, and
to undesirable change of fluid spray properties.

[0049] Figure 2a shows a longitudinal section view of
a valve assembly 1 according to a second exemplary
embodiment.. Figure 2b shows a cross-sectional view on
the plane 2b-2b (see Fig. 2a) of the valve assembly 1
according to the second embodiment. The valve assem-
bly 1 according to the second embodiment corresponds
in general to that of the first embodiment.

[0050] In difference to the exemplary embodiment of
figures 1a and 1b no separate throttling element 15 is
present. Rather the throttling element 15 which also rep-
resents the guide element 14 is formed by an integral
portion of the valve body 3. In other words, a radially
inward protruding portion of the circumferential sidewall
of the valve body 3 represents a guide portion 14 for
axially guiding the valve needle 31 in the present embod-
iment. The guide portion 14 also represents a throttling
element 15 for restricting and shaping fluid flow through
the cavity 5 towards the seal seat 11 during operation of
the valve assembily 1.

[0051] Anupstream surface ofthe guide portion 14 rep-
resents a bottom surface of the upper cavity portion 6 of
the cavity 5 and delimits the upper cavity portion 6 in
downstream direction. At the bottom surface, the upper
cavity portion 6 merges with the lower cavity portion 7.
The lower cavity portion 7 is shaped by an inner lateral
surface of the guide portion 14 in the present embodi-
ment. The fluid outlet portion 9 is shaped by a down-
stream, conical surface of the guide portion 14. The con-
ical surface tapers in upstream direction, i.e. in longitu-
dinal direction towards the lower cavity portion 7.
[0052] The flow passages 13 extend through the guide
portion 14 in axial direction so that they penetrate the
valve body 3 from the lower cavity portion 7 to the fluid
outlet portion 9. They may or may not reach the seal seat
11 and the nozzle tip when the valve needle 31 is in the
closed position.

[0053] For example, the flow passages 13 are drilled
into the radially inward protruding portion of the sidewall
of the valve body 3 which represents the guide element
14 and the throttling element 15. They enable fluid to
pass from the lower cavity portion 7 to the fluid outlet
portion 9 along the valve needle 31. Drilling may be done
by the use of a laser beam or by electrical discharge
machining, for example.

[0054] Analogously to the first embodiment, there are
six flow passages 13 asymmetrically arranged in a circle
around the valve needle 31 and the longitudinal axis L.
There are three flow passages 13 on the left half which
comprise circular shapes with larger diameter then the
one flow passage 13 on the right half with respect to the
marked reference line AA’. Further embodiments may
comprise other numbers of flow passages 13 which may
comprise other shapes than circular ones. The arrange-
ment of the two or more flow passages 13 can also vary
from the illustrated one in a circle.

[0055] Such a configuration of the assembly 1 or the
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injection valve 30 describes another possibility to realize
an asymmetrical fluid spray during operation of the valve
assembly 1 or the injection valve 30.

[0056] Figure 3a shows a longitudinal section view of
a valve assembly 1 for an injection valve 30 according
to a third exemplary embodiment. For simplicity, only the
portion on the left side of the longitudinal axis L is shown
in Fig. 3a. Fig. 3b shows a cross-sectional view of the
valve assembly 1 according to the third embodiment on
the plane 3b-3b.

[0057] The valve assembly 1 of the present embodi-
ment corresponds in general to those of the firstand sec-
ond embodiments. Contrary thereto, the throttling ele-
ment 15 is not positionally fix relative to the valve body 3.
[0058] Rather, the throttling element 15 is in one piece
with the valve needle 31. Alternatively, it is conceivable
that it is fixedly connected to the valve needle 31. The
throttling element 15 may be connected to the valve nee-
dle 31 by welding, for example. Alternatively, the throt-
tling element 15 and the valve needle 31 are manufac-
tured from one blank, for example.

[0059] The throttling element 15 is positioned up-
stream of the seal seat 11. It is also positioned spaced
apart from and upstream of the sealing element of the
valve needle 31. It protrudes radially outward from a shaft
of the valve needle 31. The outline of the shaft of the
valve needle 31 is roughly indicated by the dashed circle
in Fig. 3b. The shaft protrudes axially from the throttling
element 15 on both axial sides. The shaft is in particular
in the shape of a cylindrical rod.

[0060] In the present embodiment, the throttling ele-
ment 15 and the guide element 14 are different from one
another, in contrast to the first and second embodiments.
The guide element 14 is fixed to or in one piece with the
valve needle 31 in the present embodiment. It is posi-
tioned upstream and spaced apart from the throttling el-
ement 15. Preferably, the valve needle 31 comprises a
second guide element (not shown) in an axial end region
of the valve needle remote from the sealing element, the
guide element 14 and the throttling element 15. By means
of the guide element 14 and the second guide element,
tilting of the valve needle with respect to the valve body
3 may be prevented.

[0061] The throttling element 15 has a radially outward
tapering disc shape in the present embodiment and com-
prises flow passages 13 which are tilted with respect to
the longitudinal axis L (cf. the inclined central axis of the
flow channel 13 shown in Fig. 3a).

[0062] The lateral arrangement of the flow passages
can be seen in Figure 3b. Similar to the preceding em-
bodiments, there are six flow passages 13 asymmetri-
cally arranged in a circle and penetrate the throttling el-
ement 15. But in contrast to the preceding embodiment,
each fluid passage 13 has an elliptical cross-sectional
shape wherein the three flow passages 13 in the first
(left) half as well as the two flow passages on the refer-
ence line AA’ have a larger cross-section than the one
in the second (right) half.
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[0063] Figure4ashows alongitudinal section view cor-
responding to that of Fig. 3a of a valve assembly 1 and
an injection valve 30 according to a fourth exemplary
embodiment. Figure 4b shows a cross-sectional view of
the valve assembly 1 of the fourth embodiment on the
plane 4b-4b which is indicated in Fig. 4a.

[0064] The valve assembly 1 of the fourth embodiment
corresponds in general to that of the third embodiment.
In difference to that embodiment, there is no separate
guide element 14. Instead, the throttling element 15
which is an integral part of the valve needle 31 also rep-
resents the guide element 14 which is operable to guide
the downstream end portion of the valve needle 31 in
axial direction.

[0065] Further, in contrast to the previous embodi-
ment, the flow passages 13 are not spaced apart from
the circumferential edges of the throttling element 15.
Rather, they are inthe shape of groovesin an outer lateral
surface of the throttling element 15 which is in sliding
mechanical contact with the valve body 3 for axially guid-
ing the valve needle 31. Also, the central axes of the flow
channels 13 are not inclined relative to the longitudinal
axis L but parallel thereto.

[0066] Figure 4b shows that there are six flow passag-
es 13 in the present embodiment which are asymmetri-
cally arranged in a circle corresponding to the outer cir-
cumferential edge of the throttling element 15. As in the
previous embodiments, there are three grooves posi-
tioned onthe left half and one on the right half with respect
to the reference line AA’ as an exemplary configuration
for the asymmetrical arrangement of the flow channels
13. Two more grooves are in line with the reference line
AA’.

[0067] The invention is not limited to specific embodi-
ments by the description on basis of these exemplary
embodiments. Rather, it comprises any combination of
elements of different embodiments. Moreover, the inven-
tion comprises any combination of claims and any com-
bination of features disclosed by the claims. In particular,
the number of flow passages 13 can vary for different
embodiments as well as their geometry. Moreover, com-
binations of the described embodiments are also possi-
ble to realize a desirable throttling of the fluid flow and to
enable an asymmetrical fluid spray.

Claims

1. Valve assembly (1) for an injection valve (30), the
valve assembly (1) comprising a valve body (3)
which has a central longitudinal axis (L) and com-
prises a cavity (5), the cavity (5) comprising a lower
cavity portion (7) and, adjacent to the lower cavity
portion (7), a fluid outlet portion (9) with a seal seat
(1),
wherein the valve assembly(1) comprises two or
more flow passages (13) which are arranged radially
asymmetrical with respect to the longitudinal axis (L),
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10.

- the flow passages (13) are either arranged ax-
ially between the lower cavity portion (7) and the
seal seat (11) of the fluid outlet portion (9) with
respect to the longitudinal axis (L), and pene-
trate the valve body (3) from the lower cavity
portion (7) towards the fluid outlet portion (9) up-
stream of the seal seat (11)

- or the valve assembly comprises a throttling
element (15) which is arranged in the lower cav-
ity portion (7) of the cavity (5) and axially spaced
apart from the seal seat (11) and the flow pas-
sages (13) penetrate the throttling element (15).

Valve assembly (1) in accordance with claim 1,
wherein the flow passages (13) penetrate the throt-
tling element (15) and the throttling element (15)
comprises a ring shape having an opening for re-
ceiving a valve needle (31).

Valve assembly (1) in accordance with claim 2,
wherein the flow passages (13) are spaced apart
from the opening in radial outward direction.

Valve assembly (1) in accordance with claim 1 or 2,
wherein the flow passages (13) are designed as
grooves in a lateral surface of the throttling element
(15).

Valve assembly (1) in accordance with one of the
preceding claims, wherein

the flow passages (13) are arranged on a circle which
surrounds the longitudinal axis (L).

Valve assembly (1) in accordance with one of the
preceding claims, wherein the flow passages (13)
comprise a circular cross-sectional shape.

Valve assembly (1) in accordance with the preceding
claim, wherein at least two of the flow passages (13)
have different diameters.

Valve assembly (1) in accordance with one of the
preceding claims, wherein the flow passages (13)
are tilted with respect to the longitudinal axis (L).

Valve assembly (1) in accordance with one of the
preceding claims, further comprising a valve needle
(31) which is arranged axially movable in the cavity
(5) and which is configured to prevent a fluid flow
through the fluid outlet portion (9) in a closing position
in coaction with the seal seat (11) and releasing the
fluid flow through the fluid outlet portion (9) in further
positions.

Valve assembly (1) in accordance with the preceding
claim, wherein the throttling element (15) is one part
of the valve needle (31) or fixedly connected to the
valve needle (31).



1.

12.

13 EP 3 103 999 A1

Valve assembly (1) in accordance with claim 9 or 10,
wherein the throttling element (15) is configured for
guiding the valve needle (31) in axial direction.

Injection valve (30) for a combustion engine, com-
prising a valve assembly (1) in accordance with one
of the preceding claims.
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