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(54) Nozzle body for a fluid injector and fluid injector

(57) A nozzle body (3) for a fluid injector (1) is dis-
closed. It has a longitudinal central axis (L) and comprises
a wall (5) which forms a recess (7) for accommodating
fluid. At least one flow hole (9) penetrates the wall (5)
from the recess (7) to an external surface (11) of the

nozzle body (3) to enable dispensing of fluid from the
nozzle body (3). The at least one flow hole (9) has a hole
axis (H) which is skew with respect to the longitudinal
axis (L). Further, a fluid injector (1) with the nozzle body
(3) is disclosed.
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Description

[0001] The invention relates to a nozzle body for a fluid
injector wherein one or more flow holes of an injector are
specifically orientated and to a fluid injector with the noz-
zle body.
[0002] Injectors are in widespread use, in particular for
combustion engines where they may be arranged in or-
der to dose a fluid into an intake manifold of the combus-
tion engine or directly into a combustion chamber of a
cylinder of the combustion engine.
[0003] In general an injector has one or several flow
holes to dispense a fluid, for example to generate a fluid
spray in a combustion chamber of a combustion engine.
In this context, a penetration of the fluid spray inside the
combustion chamber is an important parameter to control
the function of the injector and the combustion engine.
Thereby, the penetration of the fluid or the fluid spray
describes a distance that is covered by the fluid for ex-
ample with respect to a longitudinal axis after a specified
delay from a starting point of injection.
[0004] It is important to keep the penetration of the fluid
spray low for example to avoid impingement of the fluid
with walls of the combustion chamber of the combustion
engine. Therefore, there are several geometric parame-
ters to control the penetration, two of these are the length
over diameter ratio and the hole taper of the flow holes
of the injector. In comparison, the taper of the flow holes
has a lower effect than the length over diameter ratio
because the diameter is imposed by the fluid flow and
the length is limited by the structural resistance of the
injector. For this reason low penetration with enough
thickness of injector walls is a desirable and demanding
requirement.
[0005] One object of the invention is to create an nozzle
body for a fluid injector to reduce a penetration of a fluid
spray of an injector.
[0006] The object is achieved by the features of the
independent claim. Advantageous embodiments of the
invention are given in the dependent claims.
[0007] The invention makes use of the idea that the
penetration of a fluid spray strongly depends from the
non-axial turbulent kinetic energy of the fluid. The higher
non-axial turbulent kinetic energy, the lower the penetra-
tion, due to the fact that non-axial kinetic energy is not
directed in direction of penetration but in direction tan-
gential to it which is advantageous for atomization of the
fluid which is e.g. fuel.
[0008] According to a first aspect of the invention a
nozzle body for a fluid injector is disclosed. According to
a second aspect, a fluid injector is disclosed which com-
prises the nozzle body. In particular, the nozzle body is
arranged at a fluid outlet end of a valve body of the injector
or in one piece with the valve body.
[0009] The nozzle body has a longitudinal axis, which
is in particular also a longitudinal axis of the valve body.
The nozzle body comprises a wall which forms a recess
which is in particular configured for accommodating fluid.

At least one flow hole penetrates the wall from the recess
to an external surface of the nozzle body, in particular to
enable a streaming fluid pass the assembly during an
operation. In other words, fluid is dispensable from the
nozzle body or the fluid injector, respectively, through the
flow hole(s). The flow hole or each flow hole has a hole
axis which is tilted with respect to the longitudinal axis
and which extends completely spatially displaced to the
longitudinal axis to reduce a penetration of the fluid into
the external surface of the nozzle. In other words, the
hole axis or each of the hole axes extends skew with
respect to the longitudinal axis, i.e. it is not parallel to the
longitudinal axis and does not intersect the longitudinal
axis.
[0010] This configuration of the nozzle body for a fluid
injector describes a simple and reliable possibility to re-
duce the penetration of the fluid and the resulting fluid
spray, for example of an injector inside a combustion
chamber and hence enables an improved combustion
process. The reduction of the penetration is achieved by
arranging the one or more flow holes tilted and spatially
shifted with respect to the longitudinal axis.
[0011] Hence, the hole axis of the at least one flow hole
and the longitudinal axis of the nozzle are arranged in
such a way that there is no intersection between the hole
axis and the longitudinal axis. In other words, it is not
possible to span a plane by the hole axis and the longi-
tudinal axis because these axes describe skew lines.
Such a described arrangement of the at least one flow
hole increases the non-axial kinetic energy of the stream-
ing fluid by inducing a tangential velocity to it inside the
at least one flow hole.
[0012] In this context, a projection of the hole axis of
the one or more flow holes onto a top view plane of a top
view along the longitudinal axis is directed with an angle
at least greater than zero and, for example, close to 90°
to a the respective projection of a flow direction of the
streaming fluid inside the recess. In this context, the flow
direction substantially follows an inner surface of the wall
- which inner surface defines the recess - in radial inward
direction in the course along the longitudinal axis of the
assembly inside the recess of the nozzle and substan-
tially follows the hole axis inside the one or more flow
holes. Therefore, a projection of the hole axis or each of
the hole axes as seen in top view along the longitudinal
axis preferably extends tangentially to an (imaginary) cir-
cle around the longitudinal axis. The circle is perpendic-
ular to the longitudinal axis, centered on the longitudinal
axis and overlaps with the respective flow hole, in par-
ticular with a geometric center of gravity thereof. In this
way, the streaming fluid gets a particular large rotation
velocity around each hole axis when it enters the respec-
tive flow hole. This decreases the axial energy and in-
creases the non-axial kinetic energy of the streaming flu-
id. This transfer of kinetic energy is well-founded by the
specifically orientation of the at least one flow hole with
respect to the longitudinal axis or the flow direction of the
injector.
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[0013] Using the presented assembly it is not neces-
sary to push other geometry parameters to the limit, for
example the length to diameter ratio of the nozzle or the
hole taper of the flow hole for example. The described
orientation of the one or more flow holes is an additional
step to further reduce the penetration of fluid significantly
and keeping the possibility to use other driving parame-
ters in parallel. For example, if a required penetration is
reached using one embodiment of the assembly higher
length over diameter ratio can be realized which can be
beneficial for structural resistance of the assembly.
[0014] According to oneembodiment, the nozzle body
comprises two or more flow holes which are circumfer-
entially distributed around the longitudinal axis. In partic-
ular the geometric centers of gravity of the flow holes are
positioned on an imaginary circle around the longitudinal
axis and preferably evenly spaced. Particularly prefera-
bly, the flow holes are distributed in such fashion around
the longitudinal axis that the nozzle body has an n-fold
rotational symmetry - at least with regard to the flow holes
- with respect to the longitudinal axis, n being the number
of flow holes. In this context, an n-fold rotational symme-
try - also referred to as a rotational symmetry of order n
or a discrete rotational symmetry of the n-th order - with
respect to a particular axis means that rotation by an
angle of 360°/n does not change the object having the
symmetry.
[0015] The positioning of the flow holes inside the noz-
zle enables a symmetrical fluid entrance and fluid exit of
the streaming fluid during an operation of the assembly
or a corresponding injector and hence enables a sym-
metrical fluid spray out of the nozzle during an operation
of the assembly. This may be advantageous for a com-
bustion process inside a combustion chamber of a com-
bustion engine, for example.
[0016] According to a further embodiment, an outlet
opening of the at least one flow hole is offset in radial
and/or circumferential direction with respect to the longi-
tudinal axis relative to an inlet opening of the flow hole.
An offset in circumferential direction may also be denoted
as an angular offset, referring in particular to a rotation
around the longitudinal axis.
[0017] This embodiment of the invention describes a
possible geometry of the tilted flow hole with respect to
the longitudinal axis of the assembly and realizes in a
simple and competitive way a reduction of the penetration
of the fluid or the fluid spray out of the nozzle. For exam-
ple, the one or more flow holes are drilled inclined into
the nozzle of the assembly with specific and predeter-
mined angle values in two spatial dimensions with re-
spect to the longitudinal axis or the flow direction.
[0018] According to a further embodiment of the first
aspect the two or more flow holes are circularly arranged
around the longitudinal axis.
[0019] Exemplary embodiments of the invention are
explained in the following with the aid of schematic draw-
ings and reference numbers. Identical reference num-
bers designate elements or components with identical

functions. The figures show:

Figure 1 a nozzle body for a fluid injector;

Figure 2 a top view of a nozzle body for a fluid injector;
and

Figure 3 a further top view of the nozzle body.

[0020] Figure 1 shows an nozzle body 3 for a fluid in-
jector 1 - which fluid injector 1 is in particular a fuel injector
for a combustion engine - in a longitudinal section view.
[0021] The nozzle body 3 comprises a wall 5 which
forms a recess 7 and has a longitudinal axis L.
[0022] A plurality of flow holes 9 penetrates the wall 5
from the recess 7 to an external surface 11 of the nozzle
body 3 to enable a streaming fluid - which approaches
the flow holes 9 in a flow direction D along an inner sur-
face of the wall 5 - pass the nozzle body 3 during oper-
ation. For example, the flow direction D in a region of the
recess adjacent to the flow holes 9 is substantially direct-
ed in radial direction in top view along the longitudinal
axis L. Each flow hole 9 comprises an inlet opening 15
which forms an entrance to each flow hole 9 and an outlet
opening 13 which perforates the external surface 11 of
the nozzle 3 and forms an exit of each flow hole 9.
[0023] The hole axes H of the illustrated flow holes 9
are tilted and spatially shifted with respect to the longitu-
dinal axis L to reduce a penetration of the fluid or a fluid
spray into the outside 11 of a nozzle 3. Due to the longi-
tudinal section view substantially, the tilt of the hole axes
H of the flow holes 9 can only been illustrated in one
plane. The spatially displacement of the hole axes H of
the flow holes 9 to the longitudinal axis L is illustrated in
figure 2 and figure 3 which represent top view illustra-
tions. Hence, the flow holes 9 are arranged in such a way
that the longitudinal axis L and each hole axis H of the
corresponding flow hole 9 do not intersect with another.
In other words, the longitudinal axis L and the hole axes
H are skew lines.
[0024] This tilt and spatial displacement of the hole ax-
es H of the flow holes 9 with respect to the longitudinal
axis L lead to a transfer of axial kinetic energy of the
streaming fluid to non-axial kinetic energy during an op-
eration of the nozzle body 3. The streaming fluid inside
the nozzle 3 substantially flows in flow direction D until it
enters the flow holes 9 by passing the corresponding inlet
opening 15. Due to the tilt of the flow holes 9 the streaming
fluid differs from the flow direction D not only in a vertical
plane but also with an angle to it. Therefore, a swirling
motion of the streaming fluid inside the flow holes 9 is
induced and a transfer of axial kinetic energy to non-axial
kinetic energy is initiated. The streaming fluid may sub-
stantially flow direction of the corresponding hole axis H
of the respective flow hole 9 but also with a rotational
velocity around each hole axis H.
[0025] In top view along the longitudinal axis L, the hole
axes H each extend tangential to an imaginary circle C
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centered on the longitudinal axis L and extending through
the geometric centers of gravity of the flow holes 9. As a
result, the non-axial kinetic energy of the streaming fluid
in the flow holes 9 is particularly large wherein the axial
kinetic energy is particularly small and as a consequence
of this the penetration of the fluid or the fluid spray out of
the nozzle 3 into the external surface 11 is particularly
low. In this context, axial and non-axial kinetic energy
refer to the hole axis H of the respective flow hole 9.
[0026] This makes a contribution to less impingement
of the fluid spray, for example with walls of a combustion
chamber. Furthermore, the transferred kinetic energy on
the one hand is useful to avoid impingement and on the
other hand it is beneficial for atomization of the fluid, for
example inside a combustion chamber. Hence, this is
advantageous for a combustion process of a combustion
engine.
[0027] In this context, samples of the mentioned nozzle
body 3 have been built to prove the described configu-
ration and have given promising results and have shown
the reliable functioning of such a nozzle body 3 with one
or more tilted flow holes 9.
[0028] Using a fluid pressure of 200 bar and the nozzle
body 3 with flow holes 9 being skew with respect to the
longitudinal axis L, the penetration of the fluid can be
reduced from 77 mm to 66 mm compared to an assembly
or injector with flow holes that extend obliquely to the
longitudinal axis L and, in top view along the longitudinal
axis L, in radial outward direction. In this context, the
penetration is defined by a delay of 1.7 milliseconds after
injection. Hence, the penetration of the fluid or the fluid
spray into the external surface 11 of the nozzle 3 can be
reduced about 11mm or 14%.
[0029] Using a fluid pressure of 100 bar the penetration
of the fluid can be reduced from 68 mm to 62 mm, again
the penetration is defined by a delay of 1.7 milliseconds
after injection. Hence, the penetration of the fluid or the
fluid spray can be reduced about 6 mm or 9% using the
nozzle body 3 with flow holes 9 which extend skew to the
longitudinal axis L.
[0030] Figure 2 shows an exemplary embodiment of
the nozzle body 3 in a top view and illustrates a possible
arrangement of the flow holes 9. This embodiment com-
prises six flow holes 9 arranged symmetrically and cir-
cularly around the longitudinal axis L. Specifically, the
geometric centers of gravity of the flow holes 9 are evenly
distributed on the circle C. Each flow hole 9 comprises
one inlet opening 15 and one outlet opening 13 wherein
the outlet openings 13 are radially and circumferentially
offset with respect to the corresponding inlet opening
15of the respective flow hole 9. This presents one pos-
sible arrangement of the tilted flow holes 9 which may be
advantageous for manufacturing because of the sym-
metrical positioning. But it is also possible that every sec-
ond flow hole 9 is radially displaced by a predetermined
value so that three flow holes 9 are arranged in one circle
and the other three flow holes 9 are arranged in a second
circle.

[0031] It is also possible that there are more or less
than six flow holes 9 arranged in the wall 5 of the nozzle
body 3 as long as the one or more flow hole 9 is tilted in
two spatial dimensions with respect to the longitudinal
axis L and the flow direction D - i.e. has a hole axis H
which extends skew to the longitudinal axis L - and hence
enables the reduction of the penetration of the fluid.
[0032] In combination with the exemplary embodiment
of figure 1 it is conceivable that the hole axes H of the
flow holes 9 is tilted in two spatial dimensions with respect
to the flow direction D or the longitudinal axis L.
[0033] In figure 3 the exemplary embodiment of the
nozzle body 3 of figure 2 is shown once more in addition
with a first plane P1 and a second plane P2. The first
plane P1 is spanned by one hole axis H of one flow hole
9 and the flow direction D. The second plane P2 is
spanned by the longitudinal axis L and the flow direction
D.
[0034] In reference to the top view of figure 3 the sec-
ond plane P2 substantially represents a vertical plane
with respect to the longitudinal axis L as a vertical axis.
The first plane P1 is no vertical plane because each hole
axis H of one flow hole 9 is tilted in two spatial dimensions
with respect to the longitudinal axis L and hence includes
an angle to the second plane P2 that differs from zero.
[0035] This exemplary embodiment shall illustrate that
it is not possible to span a plane by any hole axis H of
one flow hole 9 and the longitudinal axis L or the flow
direction D due to the tilted flow holes 9 of the nozzle
body 3.

Claims

1. Nozzle body (3) for a fluid injector (1)
wherein

- the nozzle body (3) has a longitudinal central
axis (L) and comprises a wall (5) which forms a
recess (7) for accommodating fluid,
- at least one flow hole (9) penetrates the wall
(5) from the recess (7) to an external surface
(11) of the nozzle body (3) to enable dispensing
of fluid from the nozzle body (3), and
- the at least one flow hole (9) has a hole axis
(H) which is skew with respect to the longitudinal
axis (L).

2. Nozzle body (3) in accordance with claim 1, wherein
comprising two or more flow holes (9) which are cir-
cumferentially distributed around the longitudinal ax-
is (L).

3. Nozzle body (3) in accordance with claim 2, wherein
the flow holes (9) are distributed in such fashion
around the longitudinal axis that the nozzle body has
an n-fold rotational symmetry, n being the number
of flow holes (9).
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4. Nozzle body (3) in accordance with one of the pre-
ceding claims, wherein an outlet opening (13) of the
at least one flow hole (9) is radially and/or angularly
offset relative to an inlet opening (15) of the at least
one flow hole (9) in reference to the longitudinal axis
(L).

5. Nozzle body (3) in accordance with one of the pre-
ceding claims, wherein a projection of the hole axis
(H) as seen in top view along the longitudinal axis
(L) extends tangentially to a circle around the longi-
tudinal axis (L) which circle is perpendicular to the
longitudinal axis (L), centered on the longitudinal axis
(L) and overlaps with the flow hole (9).

6. Nozzle body (3) in accordance with one of the pre-
ceding claims, wherein the flow holes (9) are circu-
larly arranged around the longitudinal axis (L).

7. Fluid injector (1) comprising the nozzle body (3) ac-
cording one of the preceding claims.
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