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(54) Injection Nozzle

(57) An injection nozzle (20) for an internal combus-
tion engine comprises a nozzle body (22) provided with
a bore (24) within which a valve needle (23) is movable
along a primary valve needle axis (A-A), the valve needle
(23) being engageable with a valve seating (25) defined
by the bore (24) to control fuel delivery through a nozzle
outlet, and including a first region (36), a second region
(38) and a seating region (33) defined by a transition
between the first and second regions (36, 38) which seats
against the valve seating (25) when the injection nozzle
(20) is in a non-injecting state. A relieved region (40) is
disposed upstream of the seating region (33), the re-
lieved region (40) and one of the valve seating (25) and
the first region (36) defining an anti-cavitation volume
(50) therebetween when the injection nozzle (20) is in
the non-injecting state. The valve needle (23) and the
valve seating (25) together define a restriction (47) up-
stream of the relieved region (40) for restricting the flow
of fuel into and out of the anti-cavitation volume (50) when
the injection nozzle (20) is in the non-injecting state in
order to reduce pressure wave activity upstream of the
seating region (33).
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Description

Technical Field

[0001] The present invention relates to an injection
nozzle for an internal combustion engine, in particular for
a compression-ignition internal combustion engine, and
to a fuel injector having an actuator and such an injection
nozzle.

Background to the Invention

[0002] Referring to Figure 1, a known injection nozzle
1 for a compression ignition internal combustion engine
comprises a nozzle body 2 and a valve needle 3. The
nozzle body 2 is provided with a blind bore 4 within which
the valve needle 3 is movable to engage with, and dis-
engage from, a valve needle seating 5 defined towards
the blind end of the bore 4. The valve seating 5 is of
substantially frusto-conical form, as is known in the art.
[0003] The nozzle body 2 also includes a plurality of
nozzle outlets (not shown) through which fuel can be in-
jected into an associated engine cylinder or combustion
space, in circumstances in which the valve needle 3 is
lifted from the valve seating 5. The blind end of the bore
4 defines a sac volume 6 with which inlet ends of the
plurality of nozzle outlets communicate.
[0004] The valve needle 3 includes an upper region 7
of cylindrical form which defines, together with the sur-
face of the bore 4 upstream of the valve seating 5, a
delivery chamber 8 for receiving high pressure fuel from
an inlet (not shown) to the injector of which the injection
nozzle 1 forms a part. Adjacent to the upper region 7,
and located further downstream, the valve needle 3 in-
cludes a first region 9 of substantially frusto-conical form
(also known as the entry region 9 of the nozzle) and,
further downstream still, a second region 10 of substan-
tially frusto-conical form (also known as the seat region
10). A third valve region 11 of substantially frusto-conical
form is disposed downstream of the seat region 10. The
valve needle terminates in a conical valve tip 12, which
projects into the sac volume 6 when the valve needle 3
is seated.
[0005] A transition edge between the seat region 10
and the third region 11 forms a seating line 13 which
engages with the valve seating 5 when the valve needle
3 is in a non-injecting state. In use, as the valve needle
3 is moved away from the valve seating 5, high pressure
fuel is permitted to flow past the valve seating 5 into the
sac volume 6 from where it is injected through the nozzle
outlets into the associated engine cylinder. When the
valve needle 3 is moved to re-engage with the valve seat-
ing 5, the flow of fuel into the sac volume 6 is prevented
and injection through the nozzle outlets is terminated.
[0006] The known injection nozzle of Figure 1, is typ-
ically employed in fuel delivery systems such as elec-
tronic unit injectors (EUIs) and electronic unit pumps
(EUPs). Such systems experience high levels of pres-

sure wave activity during operation. In the time following
an injection event, the pressure in some regions of the
injection nozzle 1 will drop to below the vapour pressure
of the fuel. This causes cavitation to form as the fuel
vapourises or foams locally. When pressure waves return
to these regions, the bubbles of vapour collapse. The
energy given out during this process is known to cause
severe damage to the surfaces of the components, and
is known in the art as cavitation damage.
[0007] More specifically, when the valve needle 3 is in
the non-injecting state, as shown in Figure 1, a very nar-
row conical wedge of fuel is formed in the volume defined
between the surface of the bore 4 and the valve needle
3, immediately upstream of the seating line 13, as indi-
cated by the dashed line 14. The fuel in this volume is
prone to cavitate and damage can occur to the material
of the nozzle body 2 and the valve needle 3 in this region.
Over a period of time, such damage can cause the seal
at the seating line 13 to be broken, resulting in degraded
performance.
[0008] It is an object of the present invention to provide
an injection nozzle which substantially overcomes or mit-
igates at least one of the aforementioned problems.

Summary of Invention

[0009] According to a first aspect of the invention, there
is provided an injection nozzle for an internal combustion
engine, the injection nozzle comprising a nozzle body
provided with a bore within which a valve needle is mov-
able along a primary valve needle axis, the valve needle
being engageable with a valve seating defined by the
bore to control fuel delivery through a nozzle outlet, and
including a first region, a second region and a seating
region defined by a transition between the first and sec-
ond regions which seats against the valve seating when
the injection nozzle is in a non-injecting state. The inven-
tion is characterised by a relieved region disposed up-
stream of the seating region, the relieved region and one
of the valve seating and the first region defining an anti-
cavitation volume therebetween when the injection noz-
zle is in the non-injecting state, and wherein the valve
needle and the valve seating together define a restriction
upstream of the relieved region for restricting the flow of
fuel into and out of the anti-cavitation volume when the
injection nozzle is in the non-injecting state in order to
reduce pressure wave activity upstream of the seating
region.
[0010] Thus, by providing the anti-cavitation volume
and the restriction, fuel is prevented from rapidly evacu-
ating the region upstream of the seating region when the
pressure in the injection nozzle drops at needle closure.
The tendency for the pressure in the anti-cavitation vol-
ume to drop low enough in order for cavitation to occur
is therefore reduced or prevented. Furthermore, when
the pressure wave subsequently returns to the anti-cav-
itation volume, the energy is dissipated as the wave pass-
es through the restriction. Thus, the pressure wave ac-
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tivity in the region upstream of the seating region is dra-
matically reduced. This significantly reduces any dam-
age from cavitation on or near the seating region.
[0011] In one embodiment, said first region has a sub-
stantially frusto-conical form and said relieved region
comprises an annular groove formed within the valve
seating. Conveniently, said relieved region defines an
upstream frusto-conical portion of the first region and a
downstream frusto-conical portion of the first region on
either side thereof, when the injection nozzle is in the
non-injecting state.
[0012] Alternatively, said first region has a substantial-
ly frusto-conical form and said relieved region comprises
an annular groove formed within said first region of the
valve needle. Conveniently, said relieved region defines
an upstream frusto-conical portion of the first region and
a downstream frusto-conical portion of the first region on
either side thereof.
[0013] Preferably, the length of the downstream frusto-
conical portion is between about 0.15mm and 0.45mm.
[0014] Conveniently, said restriction is defined by the
upstream frusto-conical portion of the first region of the
valve needle and the valve seating. Preferably, the width
of the restriction is between about 0.01 mm and 0.05mm.
[0015] Preferably, the radius of the bore increases up-
stream from the upper end of the valve seating, and the
restriction is defined by an overlap between the upper
end of the valve seating and the downstream end of the
upstream frusto-conical portion. More preferably, the
length of the overlap is not less than 0.01 mm. Still more
preferably, the length of the overlap is approximately
0.06mm.
[0016] Preferably, the valve seating defines a seat
cone angle, said first region defines a first cone angle,
and a differential angle between the first cone angle and
the seat cone angle is between about 1 and 3 degrees.
[0017] Preferably, the depth of the annular groove is
between about 0.08mm and 0.15mm and is more pref-
erably approximately 0.11 mm.
[0018] Preferably, the second region is of substantially
frusto-conical form.
[0019] Conveniently, the seating region is a seating
line defined by a transition edge between the first and
second regions.
[0020] The injection nozzle may be one of (i) VCO-type
or (ii) sac-type.
[0021] According to a second aspect of the invention,
there is provided a fuel injector for an internal combustion
engine, the fuel injector having an actuator and an injec-
tion nozzle of the invention, wherein the actuator is con-
figured to control movement of the valve needle of the
nozzle towards and away from the valve seating.
[0022] Preferably, said actuator is an electromagnetic
actuator. Alternatively, said actuator may be a piezoe-
lectric actuator.
[0023] Preferred and/or optional features of the first
aspect of the invention may be incorporated within the
fuel injector of the second aspect, alone or in appropriate

combination.

Brief Description of Drawings

[0024]

Figure 1 is a cross-sectional view of an injection noz-
zle of the kind known in the art. Embodiments of the
present invention will now be described, by way of
example only, with reference to Figures 2 to 4 of the
accompanying drawings, in which;

Figure 2 is a cross-sectional view of a first embodi-
ment of an injection nozzle according to the present
invention;

Figure 3 is an enlarged cross-sectional view of the
region labelled "X" in Figure 2; and

Figure 4 is a cross-sectional view of a second em-
bodiment of an injection nozzle according to the
present invention.

Detailed Description of Preferred Embodiments

[0025] Referring to Figures 2 and 3, the injection noz-
zle 20 comprises a nozzle body 22 and a valve needle
23. The nozzle body 22 is provided with a blind bore 24
within which the valve needle 23 is movable to engage
with, and disengage from, a valve seating 25 defined by
the blind end of the bore 24. The valve seating 25 is of
substantially frusto-conical form, as is known in the art.
[0026] The nozzle body 22 also includes a plurality of
nozzle outlets (not shown) through which fuel can be in-
jected into an associated engine cylinder or combustion
space, in circumstances in which the valve needle 23 is
lifted from the valve seating 25. The blind end of the bore
24 defines a sac volume 26 with which inlet ends of the
plurality of nozzle outlets communicate.
[0027] The valve needle 23 includes an upper region
27 of cylindrical form which defines, together with the
surface of the bore 24 upstream of the valve seating 25,
a delivery chamber 28 for receiving high pressure fuel
from an inlet (not shown) to the injector of which the in-
jection nozzle 20 forms a part. Adjacent to the upper re-
gion 27, and located further downstream, the valve nee-
dle 23 includes a first region 36 of substantially frusto-
conical form (to be described in more detail later) and,
further downstream still, a second region 38 of substan-
tially frusto-conical form. The valve needle terminates in
a conical valve tip 32, which projects into the sac volume
26 when the valve needle 23 is seated.
[0028] The frusto-conical first region 36 defines a first
cone angle or vertex angle. The valve seating 25 has a
generally conical shape and defines a seat cone angle,
which is larger than the first cone angle of the first region
36. The differential angle between the first region 36 and
the valve seating 25 is preferably between 1 and 3 de-
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grees. The optimum value for the differential angle has
been found to be 2 degrees.
[0029] A transition between the first region 36 and the
second region 38 forms a seating region 33 which en-
gages with the valve seating 25 when the valve needle
23 is in a non-injecting state. In use, as the valve needle
23 is moved away from the valve seating 25, high pres-
sure fuel is permitted to flow past the valve seating 25
into the sac volume 26 from where it is injected through
the nozzle outlets into the associated engine cylinder.
When the valve needle 23 is moved to re-engage with
the valve seating 25, the flow of fuel into the sac volume
26 is prevented and injection through the nozzle outlets
is terminated.
[0030] The first region 36 comprises a relieved region
40 in the form of an annular groove. The relieved region
40 is disposed approximately half-way along the first re-
gion 36 in the direction of the primary needle axis (A-A).
Accordingly, the relieved region 40 defines an upstream
frusto-conical portion 41 and a downstream frusto-coni-
cal portion 42 of the first region 36 on either side thereof.
[0031] The downstream frusto-conical portion 42 has
the seating region 33 at the downstream end thereof.
The downstream frusto-conical portion 42 is shaped so
as to aid with the absorption of impact energy when the
valve needle 23 closes and also to help protect the seat-
ing region 33 from pressure waves. The length of the
downstream frusto-conical portion 42, as indicated by
the dimension labelled "44" in Figure 2, is preferably be-
tween 0.15 and 0.45mm. The optimum value for the
length of the downstream frusto-conical portion 42 has
been found to be 0.31 mm.
[0032] The geometry of the relieved region 40 is se-
lected so as to maximise the volume 50 defined between
the relieved region 40 and the valve seating 25 when the
valve needle 23 is in the non-injecting position. Further-
more, the relieved region 40 is configured so as to ensure
that there is an overlap of land 45 between the upstream
frusto-conical portion 41 and the valve seating 25 when
the valve needle 23 is in the non-injecting position.
[0033] The depth of the groove of the relieved region
40, indicated by the dimension labelled "46" in Figure 3,
may be between about 0.08mm and 0.15mm. For a seat
diameter of 2.25mm, the groove depth 46 is preferably
0.11mm. The groove depth 46 is selected so as to allow
for optimal manufacturing of the valve needle 23 and to
ensure that turbulence flow loss is minimised in use.
[0034] As explained above, when the valve needle 23
is in the non-injecting position there is an overlap of land
45 between the upstream frusto-conical portion 41 and
the valve seating 25. Upstream from the conical valve
seating 25, the bore 24 of the nozzle body 22 widens so
as to define the delivery chamber 28 between the valve
needle 23 and the surface of the bore 24. With the valve
needle 23 in the non-injecting position, the upstream frus-
to-conical portion 41 is disposed adjacent to the transition
between the upstream end of the valve seating 25 and
the downstream end of the delivery chamber 28. The

length of the overlap 45 is preferably kept to a minimum,
but the mean value should ensure that the minimum over-
lap 45 is greater than 0.01 mm after assembly of the
injection nozzle 20. For example, this can be achieved
when a mean value of 0.06mm is used.
[0035] The overlap 45 defines a narrow gap or restric-
tion 47 between the upstream frusto-conical portion 41
and the valve seating 25. The width of the restriction 47
is selected so as to restrict the flow of fuel therethrough
as much as possible, whilst being large enough such
that, as the downstream frusto-conical portion 42 wears
from use, the upstream frusto-conical portion 41 will not
contact the valve seating 25 during needle closure and
form a new sealing diameter. Preferably, the width of the
restriction 47 is between 0.01 and 0.05mm. The optimum
value for the width of the restriction 47 has been found
to be 0.03mm.
[0036] The operation of the injection nozzle 20 will now
be described in detail.
[0037] When the valve needle 23 is in the non-injecting
state, as shown in Figures 2 and 3, the seating region 33
of the valve needle 23 rests against the valve seating 25
of the nozzle body 22 and fuel is prevented from flowing
to the sac volume 26 and through the nozzle outlets.
[0038] When the injection nozzle 20 is required to in-
ject, the valve needle 23 is lifted from the valve seating
25, i.e. the valve needle 23 is moved in the upstream
direction along the primary needle axis (A-A) by means
of a suitable actuator, such as a piezoelectric actuator or
an electromagnetic actuator. When the valve needle 23
lifts, fuel at high pressure (e.g. 2000 bar) in the delivery
chamber 28 is permitted to flow past the seating region
33 and into the sac volume 26 from where it is injected
into an associated engine combustion chamber.
[0039] At the end of an injection event, the valve needle
23 closes again, such that the seating region 33 contacts
the valve seating 25 so as to prevent the flow of fuel to
the sac volume 26. As explained previously, the rapid
closure of the valve needle 23 is followed by a rapid fall
in the fluid pressure immediately upstream of the seating
region 33. However, when the pressure drops, the fuel
in the anti-cavitation volume 50 defined between the re-
lieved region 40 and the valve seating 25 is prevented
from being evacuated quickly since it must pass through
the restriction 47. Accordingly, the tendency for the pres-
sure in the anti-cavitation volume 50 to drop to a low
enough level for cavitation to occur is reduced or pre-
vented. Furthermore, when the pressure wave subse-
quently returns to the anti-cavitation volume 50, the en-
ergy is dissipated as the wave passes through the re-
striction 47. Thus, the pressure wave activity in the region
upstream of the seating region 33 is dramatically re-
duced. This significantly reduces any damage from cav-
itation on or near the seating region 33.
[0040] Furthermore, any damage which may start to
occur will be limited to the upstream end of the upstream
frusto-conical portion 41 as any cavities will tend to col-
lapse at this point first. Thus, the seating region 33 will
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not experience damage from cavitation and performance
will not be degraded.
[0041] In the embodiment described above with refer-
ence to Figures 2 and 3, the first region 36 and the re-
lieved region 40 may be formed in separate manufactur-
ing steps. More specifically, in a first step, the valve mem-
ber 23 is machined so as to produce the first region 36
of substantially frusto-conical form. Thereafter, in a sub-
sequent manufacturing step, the annular groove is ma-
chined into the surface of the first region 36 so as to form
the relieved region 40. It will be appreciated by those
skilled in the art that, when the relieved region 40 is
formed in this manner, the resulting upstream and down-
stream frusto-conical portions 41, 42 will have the same
differential angle relative to the valve seating 25.
[0042] In an alternative to the above-described method
of manufacture, the first region 36 comprising the up-
stream frusto-conical portion 41, the relieved region 40,
and the downstream frusto-conical portion 42 may be
formed in a single manufacturing step, by machining the
valve needle 23 to have the desired profile. In this case,
the upstream and downstream frusto-conical portions 41,
42 may be formed so as to have the same differential
angle relative to the valve seating 25. Alternatively, the
upstream and downstream frusto-conical portions 41, 42
may be formed with different differential angles. This may
be advantageous in that the differential angles of the up-
stream and downstream frusto-conical portions 41, 42
can be chosen independently. Accordingly, the differen-
tial angle of the upstream frusto-conical portion 41 may
be selected so as to provide the optimum width for the
restriction 47, whereas the differential angle of the down-
stream frusto-conical portion 42 may be selected so as
to minimise wear at the seating region 33.
[0043] An alternative embodiment of an injection noz-
zle according to the present invention will now be de-
scribed. In Figure 4, like reference numerals are used to
refer to like parts of the above-described injection nozzle
of Figures 2 and 3.
[0044] Referring to Figure 4, the relieved region 40 is
defined by an annular groove formed within the valve
seating 25 of the nozzle body 22, rather than being
formed within the valve needle 23 itself. Accordingly, the
first region 36 of the valve needle 23 has a substantially
frusto-conical form which defines a substantially constant
differential angle with the valve seating 25 across its sur-
face.
[0045] When the injection nozzle 20 is in the non-in-
jecting position, the valve member 23 rests against the
valve seating 25 such that the upstream edge of the re-
lieved region 40 defines the limit of the upstream frusto-
conical portion 41 of the first region 36, as shown by a
dashed line in Figure 4. Similarly, the downstream edge
of the relieved region 40 defines the limit of the down-
stream frusto-conical portion 42 of the first region 36,
also shown by a dashed line in Figure 4. Thus, in the
embodiment of Figure 4, even though the first region 36
of the valve needle 23 does not comprise physically dis-

tinct upstream and downstream frusto-conical portions
41, 42, such portions 41, 42 are nevertheless defined by
reference to the relieved region 40 when the injection
nozzle 20 is in the non-injecting state. Accordingly, each
of the exemplary dimensions described above in relation
to the embodiment of Figure 2 and 3, i.e. the length 44
of the downstream frusto-conical portion 42, the width of
the restriction 47 and the length of the overlap 45, is
equally applicable to the embodiment of Figure 4.
[0046] The operation of the injection nozzle shown in
Figure 4 is substantially the same as that described
above in relation to the embodiment of Figures 2 and 3.
That is, when the valve needle 23 closes at the end of
an injection event, the seating region 33 contacts the
valve seating 25 so as to prevent the flow of fuel to the
sac volume 26. The rapid closure of the valve needle 23
is followed by a rapid fall in the fluid pressure immediately
upstream of the seating region 33. However, when the
pressure drops, the fuel in the anti-cavitation volume 50
defined between the relieved region 40 and the first re-
gion 36 of the valve needle 23 is prevented from being
evacuated quickly since it must pass through the restric-
tion 47. Accordingly, the tendency for the pressure in the
anti-cavitation volume 50 to drop to a low enough level
for cavitation to occur is reduced or prevented. Further-
more, when the pressure wave subsequently returns to
the anti-cavitation volume 50, the energy is dissipated
as the wave passes through the restriction 47. Thus, the
pressure wave activity in the region upstream of the seat-
ing region 33 is dramatically reduced. This significantly
reduces any damage from cavitation on or near the seat-
ing region 33.
[0047] In each of the above-described embodiments,
the seating region 33 may be in the form of a seating line
defined by a transition edge between the first and second
regions 36, 38 of the valve needle 23, as will be appre-
ciated by those skilled in the art. However, it will equally
be appreciated that the transition between the first and
second regions 36, 38 may extend over a greater area
of the surface of the valve needle 23 so as to form an
extended seating region 33.
[0048] Although the present invention has been de-
scribed above with reference to a sac-type injection noz-
zle, the skilled person will readily appreciate that the
present invention may be applied to a VCO-type injection
nozzle.

Claims

1. An injection nozzle (20) for an internal combustion
engine, the injection nozzle (20) comprising:

a nozzle body (22) provided with a bore (24)
within which a valve needle (23) is movable
along a primary valve needle axis (A-A), the
valve needle (23) being engageable with a valve
seating (25) defined by the bore (24) to control

7 8 



EP 2 239 452 A1

6

5

10

15

20

25

30

35

40

45

50

55

fuel delivery through a nozzle outlet, and includ-
ing a first region (36), a second region (38) and
a seating region (33) defined by a transition be-
tween the first and second regions (36, 38)
which seats against the valve seating (25) when
the injection nozzle (20) is in a non-injecting
state,
characterised by a relieved region (40) dis-
posed upstream of the seating region (33), the
relieved region (40) and one of the valve seating
(25) and the first region (36) defining an anti-
cavitation volume (50) therebetween when the
injection nozzle (20) is in the non-injecting state;
and
wherein the valve needle (23) and the valve
seating (25) together define a restriction (47) up-
stream of the relieved region (40) for restricting
the flow of fuel into and out of the anti-cavitation
volume (50) when the injection nozzle (20) is in
the non-injecting state in order to reduce pres-
sure wave activity upstream of the seating re-
gion (33).

2. An injection nozzle according to claim 1, wherein
said first region (36) has a substantially frusto-coni-
cal form and said relieved region (40) is defined by
an annular groove formed within the valve seating
(25).

3. An injection nozzle according to claim 1, wherein
said first region (36) has a substantially frusto-coni-
cal form and said relieved region (40) is defined by
an annular groove formed within said first region (36)
of the valve needle.

4. An injection nozzle according to claim 2, wherein
said relieved region (40) defines an upstream frusto-
conical portion (41) of the first region (36) on one
side thereof and a downstream frusto-conical portion
(42) of the first region (36) on the other side thereof,
when the injection nozzle (20) is in the non-injecting
state.

5. An injection nozzle according to claim 3, wherein
said relieved region (40) defines an upstream frusto-
conical portion (41) of the first region (36) on one
side thereof and a downstream frusto-conical portion
(42) of the first region (36) on the other side thereof.

6. An injection nozzle according to claim 4 or 5, wherein
the length (44) of the downstream frusto-conical por-
tion (42) is between about 0.15mm and 0.45mm.

7. An injection nozzle according to any one of claims 4
to 6, wherein said restriction (47) is defined by the
upstream frusto-conical portion (41) of the first region
(36) of the valve needle (23) and the valve seating
(25).

8. An injection nozzle according to claim 7, wherein the
width of the restriction (47) is between about 0.01
mm and 0.05mm.

9. An injection nozzle according to any one of claims 4
to 8, wherein the radius of the bore (24) increases
upstream from an upper end of the valve seating
(25), and the restriction (47) is defined by an overlap
(45) between the upper end of the valve seating (25)
and the downstream end of the upstream frusto-con-
ical portion (41).

10. An injection nozzle according to claim 9, wherein the
length of the overlap (45) is not less than 0.01 mm.

11. An injection nozzle according to claim 10, wherein
the length of the overlap (45) is approximately
0.06mm.

12. An injection nozzle according to any one of claims 2
to 11, wherein the valve seating (25) defines a seat
cone angle, said first region (36) defines a first cone
angle, and a differential angle between the first cone
angle and the seat cone angle is between about 1
and 3 degrees.

13. An injection nozzle according to any one of claims 2
to 12, wherein the depth of the annular groove is
between about 0.08mm and 0.15mm and is prefer-
ably approximately 0.11 mm.

14. An injection nozzle according to any preceding claim,
wherein the second region (38) is of substantially
frusto-conical form.

15. An injection nozzle according to any preceding claim,
wherein the seating region (33) is a seating line de-
fined by a transition edge between the first and sec-
ond regions (36, 38).
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