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(54) Injection nozzle

(57) An injection nozzle (8) for an internal combus-
tion engine is described. The injection nozzle (8) com-
prises: a nozzle body (9) provided with a blind bore (14)
within which a valve needle (10) is moveable, the valve
needle (10) being engageable with a seating surface
(12) to control fuel flow between a supply chamber (29)
and at least one injection nozzle outlet (16), the valve
needle being provided with an annular groove (24) hav-
ing an upstream edge defining an upper valve seating
line (28a) and a downstream edge wherein, following
wear in use, the lower edge becomes a lower valve seat-
ing line (28b) and the upper valve seating line (28a) and
the lower valve seating line (28b) define an annular
groove volume (38) therebetween, and wherein a sur-

face of the bore (14) and the outer surface of the valve
needle (10) define a first flow path through which fuel
flows from the supply chamber (29) to the outlet(s) (16)
when the valve needle is lifted from the seating surface
(12), the nozzle (8) further including an additional flow
path for said flow such that when, in use, the upper valve
seating line (28a) and the lower valve seating line (28b)
are in engagement with the seating surface (12), fuel is
permitted to flow from the annular groove volume (38)
to the at least one injection nozzle outlet via the addi-
tional flow path. The additional flow path may be defined
by a fuel passageway (36) formed in the valve needle
(10), and/or by one or more grooves (48) formed in the
inner surface (50) of the nozzle body (9).
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Description

Technical Field

[0001] The invention relates to an injection nozzle for
use in a fuel injection system for an internal combustion
engine. It relates particularly, but not exclusively, to an
injection nozzle for use in a compression ignition internal
combustion engine, in which a valve needle is engage-
able with a seating surface to control the injection of fuel
to an associated combustion space through one or more
nozzle outlets.

Background Art

[0002] In one known injection nozzle, for example as
shown in Figure 1, a valve needle 10 has a seating sur-
face 28, or seating "line", which engages with a seat 12
defined by a nozzle body bore 14 within which the valve
needle 10 moves. In use, as the valve needle 10 is
moved away from the seat 12, injection nozzle outlets
16 are opened to enable high pressure fuel to be inject-
ed into the associated engine cylinder (not shown).
When the valve needle 10 is moved to re-engage with
the seat 12, the outlets 16 are closed and injection is
terminated.
[0003] Immediately downstream of its seating line 28,
the valve needle 10 includes a downstream region 18
of frusto-conical form defining a first cone angle which
typically is around 60 degrees. The nozzle body bore 14
is of conical form, and defines a second cone angle. Im-
mediately upstream of its seating line 28, the valve nee-
dle 10 includes an upstream region 20 of frusto-conical
form. The upstream region 20 defines a third cone an-
gle, that typically is around 45 degrees. A valve tip re-
gion 19, arranged immediately downstream of the re-
gion 18, terminates in a chamfered tip 22.
[0004] It is a recognised problem in injection nozzle
design that the effective diameter of the seating line 28
varies with wear during nozzle service life. The effective
seat diameter influences fuel delivery pressure, or noz-
zle opening pressure (i.e. that pressure at which the
valve needle is caused to lift from the seat 12 of the bore
14), and this affects the quantity of fuel that is delivered
during injection (i.e. when the valve needle is lifted).
[0005] It has been found that a nozzle of the type
shown in Figure 1 has the effect of reducing variations
in the effective seat diameter with nozzle wear. It has
also been found that the variation of the effective seat
diameter is reduced for significant periods of operation,
and it is an advantage of this that delivery quantity var-
iations are also reduced.
[0006] An improvement to the injection nozzle shown
in Figure 1 is described in US 5,890,660 (Delphi Tech-
nologies, Inc.). This document describes an injection
nozzle 8 (shown in Figures 2a and 2b and described in
detail later) in which a circumferential or annular groove
24 is provided downstream of a valve needle seating

line 28, the annular groove 24 taking the place of the
downstream region 18 of the nozzle of Figure 1. The
annular groove 24 has the effect of preventing drift of
the effective seat diameter in a downstream direction.
[0007] Testing of this particular injection nozzle de-
sign has shown improved seat wear and a reduction of
the resultant fuel delivery drift which may occur in, for
example, common rail systems due to the fuel being at
high pressure (typically of the order of 300 to 1000 bar).
However, delivery drift at high fuel pressures has been
shown to increase fuel delivery, which has the effect of
increasing emissions and therefore adversely affecting
performance.
[0008] It has been proposed that the reason for this
increase in fuel delivery is due to a volume of fuel be-
coming trapped in the annular groove 24 of the valve
needle. This volume of trapped fuel acts to aid lifting of
the valve needle 10 from its seat 12, and thus initiates
the following injection event. This additional opening
force is not present when the injection nozzle is new, as
there is a small gap on the downstream edge of the an-
nular groove 24. However, when the valve needle 10
wears the gap closes, causing fuel to become trapped
in the groove 24. One solution to this problem is to pro-
vide external grooves on the surface of the valve needle
10. A disadvantage of this particular arrangement is that
wear can occur on the outside of the valve needle, or
coking can occur on the seat, thereby producing delivery
drift as the injection nozzle wears.
[0009] Another fuel injection nozzle is described in UK
patent application no. 2,186,632 (Robert Bosch GmbH).
This injection nozzle also has an annular groove formed
in the valve needle, and further includes flow guiding
wall portions formed on an elevation in the bottom of the
blind bore in which the valve needle is disposed. How-
ever, the flow guiding wall portions are provided for the
purpose of reducing the formation of so-called dead-wa-
ter areas in the blind bore.
[0010] It is an objection of the present invention to pro-
vide an improved injection nozzle which reduces the
above mentioned problems.

Summary of the Invention

[0011] According to the present invention, there is
provided an injection nozzle for an internal combustion
engine, the injection nozzle comprising: a nozzle body
provided with a blind bore within which a valve needle
is moveable, the valve needle being engageable with a
seating surface to control fuel flow between a supply
chamber and at least one injection nozzle outlet, the
valve needle being provided with an annular groove
having an upstream edge defining an upper valve seat-
ing line and a downstream edge wherein, following wear
in use, the lower edge becomes a lower valve seating
line and the upper valve seating line and the lower valve
seating line define an annular groove volume therebe-
tween, and wherein a surface of the bore and the outer
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surface of the valve needle define a first flow path
through which fuel flows from the supply chamber to the
outlet(s) when the valve needle is lifted from the seating
surface, the nozzle further including an additional flow
path for said flow such that when, in use, the upper valve
seating line and the lower valve seating line are in en-
gagement with the seating surface, fuel is permitted to
flow from the annular groove volume to the at least one
injection nozzle outlet via the additional flow path.
[0012] Thus, when the injection nozzle is in its worn
state, and both the upper valve seating line and the low-
er valve seating line are engaged with the seating sur-
face, fuel which would have become trapped in the an-
nular groove volume (e.g., as defined by the annular
groove and the adjacent internal surface of the bore in
the known nozzle arrangement of US 5,890,660) is ad-
vantageously permitted to flow, via the additional flow
path, into a sac volume formed at the end of the blind
bore, and then through the nozzle outlet(s). The addi-
tional flow path therefore functions as a pressure relief
means which acts to prevent premature injection.
[0013] Conveniently, in one embodiment of the
present invention, the additional flow path comprises at
least one groove defined in a surface of the bore in the
nozzle body. Preferably the at least one groove is sub-
stantially elongate in form.
[0014] The at least one groove is preferably shaped
and dimensioned such that when, in use, the upper
valve seating line and the lower valve seating line are
in engagement with the seating surface, the annular
groove volume is in fluid communication with the sac
volume. In one embodiment, the width of the at least
one groove is substantially constant along its length, e.
g. approximately 30 microns width. A small width en-
sures that the amount of fuel injected during an injection
event is not appreciably increased due to the effectively
increased volume of the sac volume. Alternatively, in a
preferred embodiment, the at least one groove may ta-
per in an upstream direction to improve flow efficiency.
[0015] In another arrangement, the at least one
groove may be shaped and dimensioned such that
when, in use, the upper and lower valve seating lines
are in engagement with the seating surface, the annular
groove volume is in fluid communication with at least
one injection nozzle outlet. Preferably, the width of the
at least one groove at its downstream end is approxi-
mately the same as the diameter of the at least one in-
jection nozzle outlet.
[0016] Preferably, the depth of the at least one groove
is approximately 30 microns.
[0017] Preferably the seating surface is of frusto-con-
ical form with a constant cone angle, and the valve nee-
dle further comprises a conical upstream section dis-
posed upstream of the annular groove and a conical
downstream section disposed downstream of the annu-
lar groove, the downstream section having a cone angle
which is greater than that of the seating surface and the
upstream section having a cone angle less than that of

the seating surface.
[0018] In an alternative embodiment of the present in-
vention, the additional flow path comprises a fuel pas-
sageway formed in the valve needle itself. The fuel pas-
sageway may comprise at least one inclined, or diago-
nal, bore extending from the annular groove of the valve
needle through the downstream section of the valve
needle to open at a surface thereof. Alternatively, the
fuel passageway may comprise at least one substantial-
ly radial bore extending between oppositely facing loca-
tions of the annular groove of the valve needle, the at
least one substantially radial bore being in fluid commu-
nication with a plurality of further bores which open at a
surface of the valve needle. The outlet ends of the plu-
rality of further bores are preferably defined in the down-
stream section of the valve needle, and may communi-
cate with a sac volume or one or more injection nozzle
outlets.
[0019] Other suitable arrangements of bores which
enable fuel to escape from the annular groove volume
are envisaged. For example, the axial bore(s) may be
offset from the main longitudinal axis of the valve needle
thereby defining a shorter bore which is easier to man-
ufacture.
[0020] In another embodiment of the present inven-
tion, the injection nozzle may comprise a fuel passage-
way formed in the valve needle itself in combination with
at least one groove defined in the surface of the bore
formed in the nozzle body.
[0021] The bore (or bores) which form the fuel pas-
sageway may be formed using a laser, electro-dis-
charge machining or spark erosion, or by any other suit-
able method.
[0022] In a further embodiment, the aforementioned
bores are substantially circular in cross-section, and
may have a diameter of approximately 0.03 to 0.2 mm.
However, the size and the shape of the bores may vary
according to the application.
[0023] Preferably the part of the valve needle down-
stream of the upper valve seating line is adapted to oc-
cupy a significant proportion of the part of the bore
downstream of the upper valve seating line.

Brief Description of Drawings

[0024] Preferred embodiments of the invention will be
described, by way example only, with reference to the
accompanying drawings, in which:-

Figure 1 is a sectional view of part of a known in-
jection nozzle;

Figure 2a is a sectional view of a known fuel injec-
tion nozzle as described in US 5,890,660;

Figure 2b is a sectional view to an enlarged scale
of part of the injection nozzle of Figure 2a;
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Figure 3a is a sectional side view of an injection noz-
zle according to a first embodiment of the present
invention;

Figure 3b is a sectional plan view of the injection
nozzle of Figure 3a;

Figure 4 is a sectional view of an injection nozzle
according to a second embodiment of the present
invention;

Figure 5a is a sectional view of an injection nozzle
according to a third embodiment of the present in-
vention, showing the valve needle;

Figure 5b is a sectional view of the injection nozzle
of Figure 5a, wherein the surface of the internal bore
in the nozzle body is visible;

Figure 5c is a perspective view of a groove formed
in the surface of the internal bore of Figure 5b;

Figure 6a is a sectional view of an injection nozzle
according to another embodiment of the present in-
vention, showing the valve needle; and

Figure 6b is a sectional view of the injection nozzle
of Figure 6a, wherein the surface of the internal bore
in the nozzle body is visible.

Detailed Description of Preferred Embodiments

[0025] As a background to the invention, there is
shown in Figure 2a a fuel injection nozzle 8 as described
in US 5,890,660. The fuel injection nozzle 8 comprises
a nozzle body 9 of stepped cylindrical form and, within
the body 9 and extending from the wider end thereof,
there is formed a blind bore 14. At the blind end of the
bore 14 there is formed a seating surface 12 defined by
the internal surface of the bore. Intermediate the ends
of the bore 14 there is formed an enlargement 12a which
communicates with a fuel inlet passage 13. The fuel inlet
passage 13 extends through a distance piece 26 and a
nozzle holder 15 to a fuel inlet which in use is connected
to a source of high pressure fuel (e.g. a common rail).
[0026] The nozzle body 9 is secured to the nozzle
holder 15 by means of the usual cap nut 17 and, in use,
the narrower portion of the nozzle body passes through
a bore into a combustion space of the associated engine
(not shown).
[0027] Slidable within the bore 14 is a valve needle
10. The valve needle 10 intermediate the enlargement
12a and the seating surface 12 is of reduced diameter
so as to define an annular supply chamber 29 through
which fuel can flow when the valve needle 10 is in the
open position.
[0028] The valve needle 10 is provided with an exten-
sion 20 which extends with a clearance through an ap-

erture in the distance piece 26. The extension 20 is en-
gaged by a spring abutment 31 against which is located
one end of a coiled compression spring 32, the other
end of which bears against an abutment 33. The spring
32 acts to maintain the valve needle 10 engaged with
the seating surface 12 in the closed position, and the
chamber in which the spring 32 is located is connected
to a drain (not shown) through a passage 35.
[0029] Turning now to Figure 2b, it can be seen that
the valve needle 10 includes four distinct regions. A first
region 21 at the uppermost end of the valve needle 10
is of substantially cylindrical form. A second region 20
of frusto-conical or part conical form is arranged imme-
diately downstream of the first region 21 and defines, or
includes, at its lowermost edge, an upper seating line
28a having a diameter D. The upstream region 20 has
an included angle with the seating surface 12 of 0.75
degrees in this example, so that its cone angle is slightly
less than that of the seating surface. A third region 24
of the valve needle 10 is provided with an annular
groove 24 in its outer surface. The downstream edge
28b of the annular groove 24 forms a boundary with a
downstream fourth region 19, which has a cone angle
slightly greater than that of the seating surface 12. When
the nozzle is new and in a closed position, there is en-
gagement between the valve needle 10 and the seating
surface 12 along the upstream seating line 28a, but
there is a clearance between the seating surface 12 and
the valve needle 10, particularly in the region of the
downstream edge 28b of the annular groove 24. The
fourth region 19 terminates in a chamfered tip 22 which
extends into a sac volume 34 defined at the blind end
of the nozzle body bore 14.
[0030] The nozzle body 9 is provided with a set of first
and second nozzle outlets 16 which provide a flow path
for fuel into the combustion chamber (not shown) from
the sac volume 34. The sac volume 34 is defined by the
seating surface 12 and an outer surface of the valve
needle 10 in a region downstream of the lower edge 28b
of the annular groove 24. The seating line 28a is en-
gageable with the seating surface 12 to control fuel flow
into the sac volume 34 from the upstream supply cham-
ber 29.
[0031] In operation, when fuel under pressure is sup-
plied to the fuel inlet 13, fuel pressure acts on the surface
of the extension 20 when the valve needle 10 is seated,
and a force is therefore generated on the valve needle
10 in opposition to the force exerted by the spring 32.
When the force due to the fuel pressure exceeds the
spring force, the valve needle 10 moves to the open po-
sition and fuel can then flow between the valve needle
10 and the seating surface 12, and through the nozzle
outlets 16. The pressure which is required to lift the valve
needle 10 from its seating surface 12 is known in the art
as the "nozzle opening pressure". When the flow of fuel
to the inlet 13 ceases and the pressure within the supply
chamber 29 falls to a level less than the nozzle opening
pressure, the valve needle 10 will be returned into en-
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gagement with the seating surface 12 by the action of
the spring 32.
[0032] In practice, following a period of use of the noz-
zle, the valve needle 10 seats against the upper valve
seating line 28a when in the non-injecting (i.e. closed)
state, and may also seat against the lower edge 28b as
the valve needle 10 becomes worn. Once this wear oc-
curs, the lower edge 28b defines a lower seating line
28b and an annular groove volume 38 will be defined by
the outer surface of the annular groove 24 of the valve
needle 10 and the inner surface of the nozzle body bore
14. As described previously, fuel which becomes
trapped in this annular groove volume 38 upon closing
of the injection nozzle may cause premature injection
due to an increased hydraulic opening force being ap-
plied to the needle 10.
[0033] Figure 3a shows an injection nozzle 8 of a first
embodiment of the invention, which provides improved
performance compared with the injection nozzle illus-
trated in Figures 2a and 2b. In Figure 3a, similar parts
to those shown in Figure 2b are denoted with like refer-
ence numerals.
[0034] Again, the nozzle 8 illustrated in Figure 3a in-
cludes a valve needle 10 that is slidable within a bore
14 defined in a nozzle body 9, and engageable with a
seating surface 12 provided by the bore 14. The valve
needle 10 also comprises at least four distinct regions:
a first region 21, a second region 20, a third region pro-
vided with an annular groove 24, and a valve tip region
19, as previously described and illustrated in Figure 2b.
The annular groove 24 together with the region of the
bore 14 between the upper and lower seats 28a and 28b
defines an annular groove volume 38. In the valve nee-
dle 10 of the present invention there is, however, defined
a fuel passageway 36 (illustrated by the dashed line) for
permitting trapped fuel to flow directly from the annular
groove volume 38 to the sac volume 34 upon closure of
the injection nozzle 8 so that premature injection does
not occur.
[0035] The fuel passageway 36 comprises a first sub-
stantially radial bore 40 which is in fluid communication
with a second substantially axial bore 42 which (in this
particular example) lies in parallel to the main longitudi-
nal axis of the valve needle 10. The radial bore 40 is
formed in that region of the valve needle which is pro-
vided with the annular groove 24, so that the first and
second inlet ends 44a, 44b on the bore 44 open at the
surface of the needle in the annular groove volume 38.
In this example, the first 44a and second 44b inlet ends
are located diametrically opposite one another, as
shown in Figure 3b. A central portion of the radial bore
40 is fluidly connected to an inlet end 46a of the axial
bore 42. Returning to Figure 3a, an outlet end 46b of the
axial bore 42 opens from the chamfered tip 22 of the
valve needle 10 into the sac volume 34 located at the
downstream end of the bore 14. Fuel in the supply
chamber 29 may become trapped in the annular groove
volume 38 after an injection event, but is able to flow

through the fuel passageway 36 through the radial bore
40 into axial bore 42 and, hence into the sac volume 34.
Due to the clearance between the outer surface of the
valve tip region 19 and the bore 14, fuel in the sac vol-
ume can escape to the nozzle outlets 16, thus providing
relief of pressure in the annular groove volume 38.
[0036] An alternative embodiment of the invention is
shown in Figure 4, in which similar parts to the injection
nozzle 8 of Figure 3 have like reference numerals. The
injection nozzle 8 of this embodiment is identical to the
previous embodiment, except that the fuel passageway
36 in this embodiment comprises a single bore 42 which
extends diagonally through the valve needle 10. The di-
agonal bore 42 in this case has a single inlet end 46a
which opens into the annular groove volume 38, and a
single outlet end 46b which opens at the surface of the
tapered region 19 of the valve needle 10 just upstream
of the sac volume 34. Fuel in the supply chamber 29
may become trapped in the annular groove volume 38
after an injection event, but is able to flow through the
diagonal bore 42 and hence into the sac volume 34. Due
to the clearance between the outer surface of the valve
tip region 19 and the bore 14, fuel in the sac volume 34
can escape to the nozzle outlets 16, thus providing relief
of pressure in the annular groove volume 38.
[0037] A third embodiment of the present invention is
illustrated in Figures 5a and 5b, in which similar parts of
the injection nozzle 8 of the previously described em-
bodiments have like reference numerals. Referring first-
ly to Figure 5a, there is shown part of a fuel injection
nozzle 8 comprising a valve needle 10 that is slidable
within a bore 14 provided in the nozzle body 9. The valve
needle 10 also comprises four distinct regions: a first
region 21, a second frusto-conical region 20, a third re-
gion having an annular groove 24, and a tapered valve
tip region 19, as previously described and illustrated in
Figures 2 to 4.
[0038] As in the previously described embodiments,
the valve needle 10 in a worn state is engageable with
both the upper seating line 28a and the lower seating
line 28b, such that an annular groove volume 38 is de-
fined by the outer surface of the annular groove 24 of
the valve needle 10 and the surface 50 of the nozzle
body bore 14.
[0039] In this embodiment of the present invention, a
fuel passageway 36 for permitting trapped fuel to flow
from the annular groove volume 38 to the sac volume
34 is formed by one or more elongated grooves 48 which
are defined in the bore 14 of the nozzle body 9 itself,
rather than in the valve needle 10 as in the previously
described embodiments. These grooves 48 can be seen
more clearly in Figure 5b.
[0040] The grooves 48 are defined at the lower ta-
pered end of the nozzle body bore 14, immediately up-
stream of the sac volume 34. The grooves 48 are posi-
tioned so as to extend from a region of the bore 14 which
is adjacent to the annular groove volume 38 in the nee-
dle 10. When the valve needle 10 is in its lowermost (i.
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e. non-injecting) position, the grooves 48 extend to a
region of the bore 14 just downstream of the outlets 16.
However, the grooves 48 should not extend above the
upper seating line 28a otherwise fuel would be able to
flow from the supply chamber 29 and then to the injec-
tion nozzle outlets 16 when the valve needle is in its in-
jecting position, thereby causing premature initiation of
the following injection event. In one preferred embodi-
ment, the grooves 48 are tapered in the upstream direc-
tion to improve flow efficiency (i.e. having an enlarged
relatively upstream end compared to a smaller down-
stream end). If the grooves are tapered, then the width,
w, of the grooves at their downstream end are substan-
tially the same as the diameter, D, of the injection nozzle
outlets 16. If the grooves are not tapered, then the width,
w, of each of the grooves 48 may be substantially the
same as the diameter, D, of the injection nozzle outlets
16. The depth, d, of a groove 48 is illustrated in Figure
5c, and may be approximately 30 microns.
[0041] As can be seen from Figure 5a, when the valve
needle 10 is in its seated position within the bore 14, the
grooves 48 permit flow of fuel from the annular groove
volume 38 to the nozzle outlet(s) 16. Hence, the pres-
sure within the annular groove 38 is relieved and this
provides the benefits discussed above. Ideally, a single
groove 48 is provided for each nozzle outlet 16, although
it is possible to have fewer grooves 48 than nozzle out-
lets 16.
[0042] Figures 6a and 6b show a fourth embodiment
of the present invention in which the elongated grooves
48 are formed in a different position in the inner surface
50 of the nozzle body 9 to those of the third embodiment.
In Figures 6a and 6b, similar parts to those shown in
Figures 5a and 5b are noted with like reference numer-
als.
[0043] Referring firstly to Figure 6a, it can be seen that
in this embodiment, the elongated grooves 48 extend
from the annular groove 24 of the valve needle 10 to the
sac volume 34, when the valve needle is in its seated
position in the bore 14. This is more clearly illustrated in
Figure 6b where a number of grooves 48 are shown al-
ternately positioned between the nozzle outlets 16
formed in the nozzle body 9. As in the previously de-
scribed embodiment, the grooves 48 define a fuel pas-
sageway 36 for permitting trapped fuel to escape from
the annular groove volume 38 so that premature injec-
tion does not occur.
[0044] Again, in this embodiment of the invention, the
grooves 48 should not extend above the upper seating
line 28a otherwise fuel would be able to flow from the
delivery chamber 29 and into the sac volume 34 when
the valve needle 10 is in its injecting position, thereby
causing premature initiation of the following injection
event.
[0045] Having described particular preferred embod-
iments of the present invention, it is to be appreciated
that the embodiments in question are exemplary only,
and that variations and modifications such as will occur

to those possessed of the appropriate knowledge and
skill may be made without departure from the spirit and
scope of the invention as set forth in the appended
claims. For example, the fuel passageway may com-
prise any suitable number of bores. For instance, two
radial bores in fluid communication with a single axial
bore, or two (or more) diagonal bores could be provided.
Alternatively, at least one radial bore could be provided,
with multiple axial or offset bores. Also, any number of
grooves may be formed in the surface of the bore formed
in the nozzle body. The injection nozzle may also com-
prise a fuel passageway formed in the valve needle itself
(the fuel passageway comprising any number of bores)
in combination with one or more grooves defined in the
surface of the bore formed in the nozzle body.
[0046] The present invention is not limited to imple-
mentation in an injection nozzle having a valve covered
orifice (VCO) with a sac volume, such as those shown
in Figures 3 to 6, but may also be implemented in a sac-
type injection nozzle in which there is a sac volume com-
municating directly with inlet ends of the nozzle outlets.
In a sac-less VCO-type nozzle, the sac volume 34 is ab-
sent, and the provision of the grooves 48, such as those
shown in Figure 5a, serves to improve flow efficiency
and thus provides an additional benefit.

Claims

1. An injection nozzle (8) for an internal combustion
engine, the injection nozzle (8) comprising: a nozzle
body (9) provided with a blind bore (14) within which
a valve needle (10) is moveable, the valve needle
(10) being engageable with a seating surface (12)
to control fuel flow between a supply chamber (29)
and at least one injection nozzle outlet (16), the
valve needle being provided with an annular groove
(24) having an upstream edge defining an upper
valve seating line (28a) and a downstream edge
wherein, following wear in use, the lower edge be-
comes a lower valve seating line (28b) and the up-
per valve seating line (28a) and the lower valve
seating line (28b) define an annular groove volume
(38) therebetween, and wherein a surface of the
bore (14) and the outer surface of the valve needle
(10) define a first flow path through which fuel flows
from the supply chamber (29) to the outlet(s) (16)
when the valve needle is lifted from the seating sur-
face (12), the nozzle (8) further including an addi-
tional flow path for said flow such that when, in use,
the upper valve seating line (28a) and the lower
valve seating line (28b) are in engagement with the
seating surface (12), fuel is permitted to flow from
the annular groove volume (38) to the at least one
injection nozzle outlet via the additional flow path.

2. An injection nozzle (8) according to Claim 1, where-
in the additional flow path comprises at least one
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groove (48) defined in the inner surface (50) of the
nozzle body (9).

3. An injection nozzle (8) according to Claim 2, where-
in the at least one groove (48) is substantially elon-
gate in form.

4. An injection nozzle (8) according to Claim 2 or Claim
3, wherein the at least one groove (48) is shaped
and dimensioned such that, when, in use, the upper
valve seating line (28a) and the lower valve seating
line (28b) are in engagement with the seating sur-
face (12), the annular groove volume (38) is in fluid
communication with at least one injection nozzle
outlet (16).

5. An injection nozzle (8) according to Claim 2 or Claim
3, wherein the at least one groove (48) is shaped
and dimensioned such that, when, in use, the upper
valve seating line (28a) and the lower valve seating
line (28b) are in engagement with the seating sur-
face, the annular groove volume (38) is in fluid com-
munication with the sac volume (34).

6. An injection nozzle (8) according to any of Claims
2 to 5, wherein the width of the at least one groove
(48) is approximately the same as the diameter of
the at least one injection nozzle outlet (16).

7. An injection nozzle (8) according to any of Claims
2 to 5, wherein the at least one groove (48) tapers
in an upstream direction.

8. An injection nozzle (8) according to any of Claims
1 to 7, wherein the additional flow path comprises
a fuel passageway (36) formed in the valve needle
(10).

9. An injection nozzle (8) according to Claim 8, where-
in the fuel passageway (36) comprises at least one
inclined bore (42) extending from the annular
groove (24) of the valve needle (10) through a
downstream section (21) of the valve needle (10) to
open at a surface thereof.

10. An injection nozzle (8) according to Claim 8, where-
in the fuel passageway (36) comprises at least one
substantially radial bore (40) extending between
oppositely facing locations of the annular groove
(24) of the valve needle (10), the at least one sub-
stantially radial bore (40) being in fluid communica-
tion with a substantially axial bore (42) having an
outlet end (46b) defined in the downstream section
(21) of the valve needle (10).

11. An injection nozzle (8) according to Claim 8, where-
in the fuel passageway (36) comprises at least one
substantially radial bore (40) extending between

oppositely facing locations of the annular groove
(24) of the valve needle (10), the at least one sub-
stantially radial bore (40) being in fluid communica-
tion with a plurality of further bores which open at a
surface of the valve needle (10).

12. An injection nozzle (8) according to any preceding
claim, wherein the seating surface (12) is of frusto-
conical form with a constant cone angle, and the
valve needle (10) further comprises a conical up-
stream section (20) disposed upstream of the an-
nular groove (24) and a conical downstream section
(21) disposed downstream of the annular groove
(24), the downstream section (21) having a cone
angle which is greater than that of the seating sur-
face (12) and the upstream section (20) having a
cone angle less than that of the seating surface.
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