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AL BARS
(54) Injector and method for injecting fluid
(57)  Aninjector comprises a closing element (7) com-

prising a conical flow guiding surface (15) and a deflection
element (16) arranged at the flow guiding surface (15) of
the closing element (7). The deflection element (16) is
dimensioned to deflect a fluid flow only during a first time
period directly following a beginning of each opening
phase of the injector during which the fluid flow is guided
by the flow guiding surface (15) of the closing element
(7) from a first flow direction (FD1) upstream the deflec-

tion element (16) to a second flow direction (FD2) differ-
ing from the first flow direction (FD1) such that the fluid
is injected in the second flow direction (FD2). The injector
further comprises a cartridge (4) with a flow guiding sur-
face (11). The flow guiding surface (11) of the cartridge
(4) is arranged for taking over a guidance of the fluid flow
from the flow guiding surface (15) of the closing element
(7) during a second time period directly following the first
time period such that the fluid is injected in a third flow
direction differing from the second flow direction (FD2).
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Description

[0001] Theinvention relates to an injector and a meth-
od for injecting fluid and relates particularly to an injector
and a method for injecting fuel into an internal combustion
engine.

[0002] In a stratified operation mode, spray targeting
performance is fundamental for a mixture preparation in
a spark plug area. However, evaporation of gasoline pro-
vided in a first of multiple successive injections in a high
temperature environment induces an upward flow field
perturbing the successive injections and changing a di-
rection of a spray. This leads to fluctuations of a spray
cone angle. Engine misfire and increase of emissions
may occur as a consequence.

[0003] The object of the invention is to provide an in-
jector and a method for injecting fluid that allows for a
stable and dependable spray pattern.

[0004] This object is achieved with the features of the
independent claims. Preferred embodiments are charac-
terized in the dependent claims.

[0005] According to afirst aspect the invention is char-
acterized by an injector comprising a closing element, a
deflection element and a cartridge. The closing element
comprises a conical flow guiding surface downstream of
a contact area. The flow guiding surface of the closing
element extends to an outer edge of the closing element.
The deflection element is arranged at the flow guiding
surface of the closing element. The deflection element
is dimensioned to deflect a fluid flow only during a first
time period directly following a beginning of each opening
phase of the injector during which the fluid flow is guided
by the flow guiding surface of the closing element from
a first flow direction upstream the deflection element to
a second flow direction differing from the first flow direc-
tion such that the fluid is injected in the second flow di-
rection. The cartridge comprises a flow guiding surface.
The flow guiding surface of the cartridge comprises a
valve seat andis arranged adjacent to a downstream end
of the cartridge in an angle with respect to a longitudinal
axis of the cartridge greater than that of the flow guiding
surface of the closing element. The contact area of the
closing element is arranged for being in sealing contact
with the valve seat in a closed position of the closing
element. The flow guiding surface of the cartridge is ar-
ranged for taking over a guidance of the fluid flow from
the flow guiding surface of the closing element during a
second time period directly following the first time period
such that the fluid is injected in a third flow direction dif-
fering from the second flow direction.

[0006] An advantage is that with such injector a stable
and dependable spray pattern may be created that is
conical or that is broader at the beginning during the first
time period than later during the second time period, that
is, the spray pattern does not have a collapsed form. This
enables for a low interaction of fluid when injected in rapid
succession. This allows for a low emission and low con-
sumption operation of an internal combustion engine
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when fuel is injected into the internal combustion engine,
particularly during stratified operation.

[0007] Preferably, the deflection element is formed as
an annular deflection element to allow for a uniform dis-
tribution of the fluid without interruptions 360 degrees
around the longitudinal axis of the cartridge. The deflec-
tion element is dimensioned thick enough to deflect the
fluid flow from the first to the second flow direction when
the fluid flow is guided by the flow guiding surface of the
closing element. The deflection element is further dimen-
sioned thin enough to not deflect the fluid flow when the
fluid flow is guided by the flow guiding surface of the
cartridge. The third flow direction is therefore essentially
determined by the flow guiding surface of the cartridge,
not by the deflection element. The fluid flow essentially
is represented by a core flow of all fluid passing a gap
between the valve seat of the cartridge and the contact
area of the closing element. The deflection or non-de-
flection of the fluid flow therefore respectively involves
the deflection or non-deflection of the core flow.

[0008] According to a preferred embodiment, a thick-
ness of the deflection element amounts to 0.2 to 2 mi-
crometers. By this, the deflection element is thick enough
to deflect the fluid flow from the first to the second flow
direction when the fluid flow is guided by the flow guiding
surface of the closing element and is thin enough to not
deflect the fluid flow when the fluid flow is guided by the
flow guiding surface of the cartridge.

[0009] According to a further preferred embodiment, a
distance of an upstream edge of the deflection element
from the outer edge of the closing element amounts to 2
to 20 micrometers. By this, the deflection element can
cover an area on the flow guiding surface of the closing
element that is big enough to be durable and robust to
tolerate high pressure pulses during operation. Further,
it is small enough to not affect the sealing contact be-
tween the cartridge and the closing element and to not
being destroyed by the repeated opening and closing
operation of the injector. The deflection element and thus
the injector may therefore be robust and dependable.
[0010] According to a further preferred embodiment,
the deflection element is formed as a coating. An advan-
tage is that this is simple and inexpensive. Further, a
coating can be applied very precisely, particularly with
respect to its thickness, and may thus allow for a depend-
able spray pattern.

[0011] According to a further preferred embodiment,
the deflection element is formed as a plastic deformation
of the closing element. Such deflection element may be
particularly robust and durable.

[0012] According to a further preferred embodiment, a
seat distance between the contact area seated on the
valve seat and the outer edge of the closing element
amounts to 70 to 160 micrometers. With this seat dis-
tance sufficient space is available downstream the con-
tact area and the valve seat for the fluid flow to be guided
first by the flow guiding surface of the closing element
and second by the flow guiding surface of the cartridge
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and to enable the take over of the guiding.

[0013] According to a further preferred embodiment, a
gap size of a gap between the cartridge and the closing
element at the downstream end of the cartridge in the
closed position of the closing element amounts to 3 to 8
micrometers. By this, only few space is available for a
build up of combustion residues that could affect the
spray pattern. Further, the take over of the guiding from
the flow guiding surface of the closing element to the flow
guiding surface of the cartridge is supported. The result-
ing spray pattern may thus be stable and dependable.
[0014] According to a second aspect the invention is
characterized by a method for injecting fluid. The method
comprises guiding a fluid flow with a conical flow guiding
surface of a closing element of an injector and deflecting
the fluid flow with a deflection element arranged at the
flow guiding surface of the closing element from a first
flow direction upstream the deflection element to a sec-
ond flow direction differing from the first flow direction
during a first time period directly following a beginning of
an opening phase of the injector and injecting the fluid in
the second flow direction. The method further comprises
taking over a guidance of the fluid flow from the flow guid-
ing surface of the closing element and guiding the fluid
flow with a flow guiding surface of a cartridge arranged
adjacent to a downstream end of the cartridge during a
second time period during the opening phase and/or
open state of the injector following the first time period
and injecting the fluid in a third flow direction differing
from the second flow direction.

[0015] The advantages of the second aspect of the
invention essentially are the same as the advantages of
the first aspect of the invention.

[0016] In the following, embodiments of the invention
are illustrated with reference to the schematic drawings.
[0017] The figures are illustrating:

FIG. 1, an injector,
FIG. 2, a closing element,

FIG. 3, a downstream portion of a cartridge and the
closing element at a first point of time,

FIG. 4, a downstream portion of the cartridge and
the closing element at a second point of time,

FIG. 5, a resulting spray pattern and

FIG. 6, a flow chart.

[0018] Elements of same construction or function are
provided with the same reference signs throughout all
figures.

[0019] Figure 1 shows an injector for injecting a fluid.

Particularly, the injector is designed for injecting fuel into
a cylinder of an internal combustion engine of, for exam-
ple, a vehicle and particularly an automobile. The injector
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comprises an external tube 1, an internal tube 2 and a
valve cap 3. The fluid passes through an annular cavity
between the external tube 1 and the internal tube 2 and
through the valve cap 3. The injector further comprises
a cartridge 4 with a recess 5 in which a valve needle 6
is arranged axially movable. The valve needle 6 compris-
es a closing element 7 at its downstream end arranged
for closing the injector in its closed position inhibiting a
fluid flow and for allowing the fluid flow otherwise. The
injector further comprises a lifting device with an actuator
8 for moving the valve needle 6 in axial direction for open-
ing and closing the injector. The actuator 8 preferably is
a piezo actuator. However, the actuator 8 may alterna-
tively be, for example, a solenoid actuator. In case of the
actuator 8 being the piezo actuator, a lift generated by
the lifting device depends on an axial elongation of the
actuator 8 which is dependent on an electric control sig-
nal. The lifting device is mechanically coupled with the
valve needle 6 and cooperates with the valve needle 6
such that at least part of the lift generated by the lifting
device is transferred to the valve needle 6 moving the
closing element 7 in its closed position or in an open
position. Further, a closing force is provided to the valve
needle 6 by a valve spring 9 which is preloaded during
assembly of the injector. However, the injector may be
designed differently.

[0020] Figure 2 shows the closing element 7 and fig-
ures 3 and 4 show part of a downstream portion of the
cartridge 4 and the closing element 7. The recess 5 of
the cartridge 4 widens conically in the downstream por-
tion of the cartridge 4 up to an edge 10 of the cartridge
4 which represents a downstream end of the cartridge 4.
A preferably conical inner surface directly upstream the
edge 10 of the cartridge 4 forms a flow guiding surface
11 of the cartridge 4. This flow guiding surface 11 of the
cartridge 4 comprises or forms a valve seat 12. The clos-
ing element 7 comprises a contact area 13. In the closed
position of the closing element 7 the contact area 13 is
sealingly seated on the valve seat 12 inhibiting the fluid
flow. The contact area 13 preferably is designed as a
rounded portion allowing for a ring-shaped contact line
in the closed position of the closing element 7. The clos-
ing element 7 widens conically downstream the contact
area 13 up to an outer edge 14 of the closing element 7.
A conical surface directly upstream the outer edge 14 of
the closing element 7 forms a flow guiding surface 15 of
the closing element 7. An angle of the flow guiding sur-
face 11 of the cartridge 4 with respect to a longitudinal
axis of the injector preferably is slightly larger than that
of the flow guiding surface 15 of the closing element 7.
By this, the flow guiding surface 11 of the cartridge 4 and
the flow guiding surface 15 of the closing element 7 di-
verge from the valve seat 12 and contact area 13 in a
direction of the fluid flow. Preferably, the angles differ by
less than ten degrees and differ even more preferably by
less than five degrees.

[0021] The closing element 7 comprises a deflection
element 16. The deflection element 16 is arranged on
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the flow guiding surface 15 of the closing element 7. Pref-
erably, the deflection element 16 is formed as an annular
deflection element 16 coaxial with respect to a longitudi-
nal axis of the closing element 7. Thus, preferably, the
deflection element 16 is continuous without interruptions.
Preferably, the deflection element 16 is formed as a coat-
ing on the closing element 7 as shown in figure 2 in the
left and in the middle detail view or as a plastic deforma-
tion as shown in figure 2 in the right detail view. It is
considered sufficient to apply the coating only on the flow
guiding surface 15 of the closing element 7 as shown in
the left detail view of figure 2. However, it may be advan-
tageous to apply the coating also to a part of the closing
element 7 downstream the outer edge 14 of the closing
element 7. This may be easier to manufacture and may
thus be more cost effective.

[0022] The deflection element 16 is dimensioned such
that the fluid flow is deflected by the deflection element
16 from a first flow direction FD1 upstream the deflection
element 16 to a second flow direction FD2 different from
the first flow direction FD1 only during a first time period
TP1 directly following a beginning of an opening phase
of the injector. During this first time period TP1 the fluid
flow directly prior to injection is guided by the flow guiding
surface 15 of the closing element 7 and the deflection
element 16. This is shown in figure 3. As a result, the
fluid is injected in the second flow direction FD2 depend-
ent on the dimensions of the deflection element 16. An
angle of the second flow direction FD2 with respect to
the longitudinal axis of the injector is greater than that of
the first flow direction FD1. Without the deflection ele-
ment 16 the fluid would be injected essentially in the first
flow direction FD1 dependent on the angle of the flow
guiding surface 15 of the closing element 7.

[0023] During a second time period TP2 following the
first time period TP1 guidance of the fluid flow is taken
over from the flow guiding surface 15 of the closing ele-
ment 7 by the flow guiding surface 11 of the cartridge 4.
By this, the fluid flow is no longer effectively deflected by
the deflection element 16 and the fluid is injected in a
third flow direction FD3 different from the second flow
direction FD2 depending on the angle of the flow guiding
surface 11 of the cartridge 4. Due to only slight differenc-
es in the angle of the flow guiding surface 11 of the car-
tridge 4 from the angle of the flow guiding surface 15 of
the closing element 7 the third flow direction FD3 may
be slightly different from the first flow direction FD1.
[0024] A sudden opening of the injector, that is lifting
the closing element 7 from its closed position on the valve
seat 12 to an open position, generates a water hammer
effect. An intensity of the water hammer effect increases
with a pressure of the fluid. The water hammer effect is
responsible for a pressure drop in a primary phase of a
hydraulic injection of the fluid. In this primary phase the
fluid may be injected with poor momentum compared to
a later secondary phase of the hydraulic injection.
[0025] A thickness T of the deflection element 16 is
dimensioned such that the fluid flow interacts with the
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deflection element 16 effectively in the primary phase of
the opening of the injector. The interaction decreases in
the secondary phase. In other words: The deflection el-
ement 16 is essentially effective when the fluid flow has
poor momentum because of the pressure drop due to
the water hammer effect and when the fluid flow is guided
by the flow guiding surface 15 of the closing element 7.
The thickness T of the deflection element 16 must be
small enough in order to reduce its contribution to a spray
angle when in the secondary phase a stabilized lift of the
closing element 7 is reached and the flow guiding surface
11 of the cartridge 4 acts as guiding surface for the fluid
flow. In other words: An influence of the deflection ele-
ment 16 preferably is negligable during the secondary
phase. The change of guidance from the flow guiding
surface 15 of the closing element 7 to the flow guiding
surface 11 of the cartridge 4 is based on an increase of
momentum of the fluid flow during the opening phase.
The first time period TD1 essentially corresponds to the
primary phase, the second time period TD2 essentially
corresponds to the secondary phase.

[0026] Figure 5 shows a resulting spray pattern 17.
The spray pattern 17 has a widened form instead of a
collapsed form 18 that would result without the deflection
element 16 because of the low momentum of the fluid
during the primary phase and the small angle of the flow
guiding surface 15 of the closing element 7 with respect
to the longitudinal axis of the injector.

[0027] The thickness T of the deflection element 16
preferably amounts to about 0.2 to 2 micrometers. A lo-
cation of an upstream edge of the deflection element 16
on the flow guiding surface 15 of the closing element 7
with respect to the outer edge 14 of the closing element
7, that is a distance D of this upstream edge of the de-
flection element 16 from the outer edge 14 of the closing
element 7, preferably amounts to about 2 to 20 microm-
eters. Preferably, the distance D amounts to about 5 to
20 micrometers when the deflection element 16 is formed
as the coating. Preferably, the coating is applied over the
full distance D. This enables a robust coating and a sim-
ple and cost effective manufacturing of the injector. Pref-
erably, the distance D amounts to about 2 to 5 microm-
eters when the deflection element 16 is formed as the
plastic deformation.

[0028] A seat distance S of the valve seat 12 and the
contact area 13 from the outer edge 14 of the closing
element 7 in the closed position of the closing element 7
preferably amounts to about 70 to 160 micrometers. A
resulting gap size G between the edge 10 of the cartridge
4 and the flow guiding surface 15 of the closing element
7 inthe closed position of the closing element 7 preferably
amounts to about 3 to 8 micrometers.

[0029] Figure 6 shows a flow chart of a method for
injecting fluid. The method is performed by the injector.
The method begins with a step S1. In a step S2 the in-
jector and particularly the actuator 8 is provided with the
control signal for opening the injector. At a point of time
TO the closing element 7 begins to lift off of the valve seat
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12 of the cartridge 4 and the fluid begins to flow through
the gap between the contact area 13 and the valve seat
12. The point of time TO represents the beginning of the
opening phase of the injector.

[0030] In a step S3, within the first time period TP1,
the fluid flow is guided by the flow guiding surface 15 of
the closing element 7 and is deflected by the deflection
element 16 and is injected in the second flow direction
FD2 as explained above. In a step S4, within the second
time period TP2, the guidance of the fluid flow is taken
over from the flow guiding surface 15 of the closing ele-
ment 7 by the flow guiding surface 11 of the cartridge 4
and the fluid flow is guided by the flow guiding surface
11 of the cartridge and is injected in the third flow direction
FD3 as explained above. The method ends in a step S5.
Preferably, the method is performed with each injection,
that is with each opening phase of the injector.

Claims
1. Injector comprising

- aclosing element (7) comprising a conical flow
guiding surface (15) downstream of a contact
area (13), the flow guiding surface (15) of the
closing element (7) extending to an outer edge
(14) of the closing element (7),

- a deflection element (16) arranged at the flow
guiding surface (15) of the closing element (7),
the deflection element (16) being dimensioned
to deflect a fluid flow only during a first time pe-
riod (TP1) directly following a beginning of each
opening phase of the injector during which the
fluid flow is guided by the flow guiding surface
(15) of the closing element (7) from a first flow
direction (FD1) upstream the deflection element
(16) to a second flow direction (FD2) differing
from the first flow direction (FD1) such that the
fluid is injected in the second flow direction
(FD2), and

- a cartridge (4) with a flow guiding surface (11),
the flow guiding surface (11) of the cartridge (4)
comprising a valve seat (12) and being arranged
adjacent to a downstream end of the cartridge
(4) in an angle with respect to a longitudinal axis
of the cartridge (4) greater than that of the flow
guiding surface (15) of the closing element (7),
the contact area (13) of the closing element (7)
being arranged for being in sealing contact with
the valve seat (12) in a closed position of the
closing element (7) and the flow guiding surface
(11) of the cartridge (4) being arranged for taking
over a guidance of the fluid flow from the flow
guiding surface (15) of the closing element (7)
during a second time period (TP2) directly fol-
lowing the first time period (TP1) such that the
fluid is injected in a third flow direction (FD3)
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differing from the second flow direction (FD2).

Injector according to claim 1, wherein a thickness
(T) of the deflection element (16) amounts to 0.2 to
2 micrometers.

Injector according to any one of claims 1 and 2,
wherein a distance (D) of an upstream edge of the
deflection element (16) from the outer edge (14) of
the closing element (7) amounts to 2 to 20 microm-
eters.

Injector according toany one of claims 1 to 3, wherein
the deflection element (16) is formed as a coating.

Injector according to any one of claims 1 to 3, wherein
the deflection element (16) is formed as a plastic
deformation of the closing element (7).

Injectoraccording to any one of claims 1 to 5, wherein
a seat distance (S) between the contact area (13)
seated on the valve seat (12) and the outer edge
(14) of the closing element (7) amounts to 70 to 160
micrometers.

Injectoraccording to any one of claims 1 to 6, wherein
a gap size (G) of a gap between the cartridge (4) and
the closing element (7) at the downstream end of the
cartridge (4) in the closed position of the closing el-
ement (7) amounts to 3 to 8 micrometers.

Method for injecting fluid comprising

- guiding a fluid flow with a conical flow guiding
surface (15) of a closing element (7) of an injec-
tor and deflecting the fluid flow with a deflection
element (16) arranged at the flow guiding sur-
face (15) of the closing element (7) from a first
flow direction (FD1) upstream the deflection el-
ement (16) to a second flow direction (FD2) dif-
fering from the first flow direction (FD1) during
a first time period (TP1) directly following a be-
ginning of an opening phase of the injector and
injecting the fluid in the second flow direction
(FD2) and

- taking over a guidance of the fluid flow from
the flow guiding surface (15) of the closing ele-
ment (7) and guiding the fluid flow with a flow
guiding surface (11) of a cartridge (4) arranged
adjacent to a downstream end of the cartridge
(4) during a second time period (TP2) during the
opening phase and/or open state of the injector
following the first time period (TP1) and injecting
the fluid in a third flow direction (FD3) differing
from the second flow direction (FD2).
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