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(54) Liquid swirler flow control

(57) A flow directing device for imparting swirl on a
fluid includes a flow directing body (102) having a first
surface (156) and opposed second surface (154). A flow
channel (144) is defined in the first surface of the flow
directing body for conducting fluids flowing through the
flow directing body. The flow channel includes a channel
surface set in from the first surface. A swirl bore (148)
extends though the flow directing body from the channel

surface to the second surface of the flow directing body
at an oblique angle relative to the channel surface for
imparting a tangential swirl component onto fluids flowing
through the swirl bore. Having an asymmetrical terminus
portion of the channel surface, and positioning of the swirl
bore within the terminus portion, allow control of the swirl
direction for flow within the terminus portion and swirl
bore.
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Description

[0001] The present invention relates to flow control in
liquid swirlers, and more particularly to control of swirl
magnitude and direction in flow passages of swirlers,
such as in injectors for gas turbine engines.
[0002] Fuel injectors for applications such as gas tur-
bine engines require control over the distribution of the
fuel through the injector. Typically fuel is introduced
through a single inlet fitting, and then distributed to a plu-
rality of fuel ports, which can be slots or drilled holes, for
presentation to a swirl chamber and/or a combustion
chamber. The fluid pathway from the single inlet to the
plurality of ports can take many different forms. In one
example, pre-swirl distribution troughs are provided up-
stream of the fuel ports whereby the fuel exits the inlet
fitting region through one or more passages that impart
a tangential velocity component to the fuel. These distri-
bution troughs provide a space to balance the fuel distri-
bution prior to entering the fuel ports. An example of this
type of swirler is shown and described in US-A-
7,506,510. Another example provides a first full annular
region separated from a second full annular region by a
restrictive full annular throat region. By taking a pressure
drop through the throat feature, the flow is balanced
around the circumference of the component prior to the
fuel entering the ports. Another example divides the fuel
from the fuel inlet region into two or more discrete fuel
passages with each passage terminating with one or
more fuel ports, as shown and described in commonly
owned, co-pending U.S. Patent Application No.
12/932,958. The ultimate extension of this concept has
one fuel port for each passage.
[0003] The fuel-delivery path leading up to the port con-
tributes to the character of the flow entering the port. For
a port which breaks out on the inner or outer diameter of
the fuel passage, the direction of the flow as it approaches
the port typically has a strong component which is per-
pendicular to the axis of the port. In this situation, the flow
will have a clear tendency to swirl as it enters the port,
similar to the way water swirls as it flows down a drain.
Unless proper control is in effect on the fuel as it ap-
proaches the port, the fuel may spin in either the clock-
wise or counter-clockwise direction. The clockwise/coun-
ter-clockwise direction of swirl can result in different be-
havior of the flow through and exiting the port.
[0004] The required driving pressure needed to main-
tain a specified flow-rate is also affected by whether the
flow is swirling, and to what extent. A larger pressure-
drop occurs through a hole  that has a highly swirling flow
therein, as opposed to a non-swirling flow. Therefore a
highly swirling flow within a swirl port will require a larger
driving pressure to achieve a specified flow rate, when
compared to a lower or non-swirling flow.
[0005] Such conventional methods and systems have
generally been considered satisfactory for their intended
purpose. However, there is still a need in the art for swirl
flow control that allows for improved pressure drop in flow

directing components. There also remains a need in the
art for devices and methods to control the amount and
direction of swirl in passages of flow directing compo-
nents. The present invention provides a solution for these
problems.
[0006] The subject invention is directed to a new and
useful flow directing device for imparting swirl on a fluid.
The flow directing device includes a flow directing body
having a first surface and an opposed second surface.
A flow channel is defined in the first surface of the flow
directing body for conducting fluids flowing through the
flow directing body. The flow channel includes a channel
surface set in from the first surface. A swirl bore extends
though the flow directing body from the channel surface
to the second surface of the flow directing body at an
oblique angle relative to the channel surface for imparting
a tangential swirl component onto fluids flowing through
the swirl bore.
[0007] In certain embodiments, the channel surface is
a channel floor and the channel includes a sidewall ex-
tending from the channel floor to the first surface of the
flow directing body. The swirl bore opens at a swirl bore
opening within a terminus section of the flow channel.
The terminus section of the flow channel can be substan-
tially symmetrical with respect to the flow channel up-
stream of the terminus section, for example, the terminus
section can be circular and the swirl bore opening can
be defined at the center of the circular terminus section.
[0008] In accordance with certain embodiments, the
swirl bore opens at a swirl bore opening within a terminus
section of the flow channel, wherein the terminus section
of the flow channel is asymmetrical with respect to the
flow channel upstream of the terminus section to control
swirl direction for fluids flowing through the swirl bore.
For example, the terminus section of the flow channel
can define a dogleg with respect to the flow channel up-
stream of the terminus section. The dogleg can be angled
to impart counter-clockwise swirl in the swirl bore as
viewed towards the channel floor, or can be angled to
impart clockwise swirl in the swirl bore as viewed towards
the channel floor. The dogleg can be angled at about 90°
relative to the flow channel upstream of the dogleg. It is
also contemplated that the dogleg can be angled at any
suitable  angle relative to the upstream flow channel, in-
cluding obliquely. For example, the angle can be between
0° and 180°, or any other suitable angle.
[0009] The swirl bore can be cylindrical, defining a swirl
bore radius. The terminus section can define a semi-cir-
cular pad in the channel floor having a radius between
about two to about five times the swirl bore radius. The
flow channel upstream of the dogleg defines a first axis,
the dogleg can define a second axis angled relative to
the first axis. The swirl bore opening in the channel floor
can have a center that is offset from a radial center point
defined by the semi-circular pad in a direction perpen-
dicular to the second axis. This offset can be from about
one swirl bore radius to about two times the swirl bore
radius. It is also contemplated that in certain embodi-
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ments, this offset can be zero or more times the swirl
bore radius downstream relative to the flow channel. The
center of the swirl bore opening in the channel floor can
be offset from the radial center point defined by the semi-
circular pad in a direction along a second axis that is
angled to the first axis by about one swirl bore radius or
less.
[0010] The invention also provides an injector for pro-
ducing an atomized spray of liquid. The injector includes
an annular injector body. An annular first flow directing
body is mounted inboard of the injector body, the first
flow directing body including an inboard surface and op-
posed outboard surface. A plurality of flow channels, as
described above, are defined in the outboard surface of
the first flow directing body with swirl bores for conducting
fluids flowing through the first flow directing body. An an-
nular second flow directing body is mounted radially in-
board of the first flow directing body. The second flow
directing body includes an outboard surface with an an-
nular swirl chamber defined therein for receiving liquid
from the swirl bores of the first flow directing body to form
a swirling sheet of liquid for atomization downstream of
the second flow directing body. It is also contemplated
that the flow directing bodies can be configured to form
a discrete jet spray for suitable applications.
[0011] Certain preferred embodiments of the present
invention will now be described in greater detail by way
of example only and with reference to the accompanying
drawings, in which:

Fig. 1 is a perspective view of an exemplary embod-
iment of a staged fuel injector constructed in accord-
ance with the present invention, showing the spray
outlet;
Fig. 2 is a perspective view of the injector of Fig. 1,
showing the air inlet end portion of the injector;
Fig. 3 is a cross-sectional side elevation view of the
injector of Fig. 1, showing the fuel and air circuits for
the main and pilot fuel stages;
Fig. 4 is a perspective view of an exemplary embod-
iment of a flow directing device constructed in ac-
cordance with the present invention, showing fuel
channels defined in a radially outboard surface of an
injector ring;
Fig. 5 is a cut-away perspective view of a portion of
the flow directing device of Fig. 4, showing a terminus
of one of the flow channels with a symmetrical, cir-
cular pad surrounding a swirl bore outlet;
Fig. 6 is a cut-away perspective view of a portion of
the flow directing device of Fig. 4, showing the angle
of the swirl bore in cross-section;
Fig. 7 is a perspective view of another exemplary
embodiment of a flow directing device constructed
in accordance with the present invention, showing
the channels having asymmetrical terminus por-
tions;
Fig. 8 is a plan view of the flow directing device of
Fig. 7, showing the terminus portions of individual

channels;
Fig. 9 is a plan view of a portion of the flow directing
device of Fig. 8, schematically showing a flow of fuel
through the channel exiting the swirl bore in the chan-
nel floor;
Fig. 10 is a cross-sectional end view of a portion of
the flow directing device of Fig. 9, showing the swirl
bore passing through the flow directing device from
the channel floor to the inner surface of the of the
flow directing device;
Fig. 11 is a cut-away perspective view of the fuel
channel of Fig. 9, showing the swirl bore;
Fig. 12 is a cut-away perspective view of the fuel
channel of Fig. 11, showing the angle of the swirl
bore relative to the channel floor in cross-section;
Figs. 13, 14, and 15 are perspective views of another
exemplary embodiment of a flow directing device
constructed in accordance with the present inven-
tion, much like that of Figs. 7, 11, and 12, respec-
tively, but with channel terminus portions having dog-
legs in the opposite direction for creating swirl in the
opposite direction;
Fig. 16 is a schematic plan view of the channel ter-
minus of Fig. 9, showing the offset of the swirl bore
opening in the channel floor relative to the channel
terminus;
Fig. 17 is a schematic plan view of the channel ter-
minus of Fig. 16, showing another exemplary posi-
tion for the swirl bore;
Fig. 18 is a perspective view of a portion of another
exemplary embodiment of a flow directing device
constructed in accordance with the present inven-
tion, showing a channel terminus that is angled ob-
liquely relative to the channel upstream of the termi-
nus;
Fig. 19 is a cut-away perspective view of the channel
terminus of Fig. 18, showing the alignment of the
swirl bore and the channel terminus; and
Fig. 20 is a schematic plan view of the channel ter-
minus of Fig. 18, showing the offset of the swirl bore
opening in the channel floor relative to the oblique
channel terminus.

[0012] Reference will now be made to the drawings
wherein like reference numerals identify similar structural
features or aspects of the subject invention. For purposes
of explanation and illustration, and not limitation, a partial
view of an exemplary embodiment of a flow directing de-
vice in accordance with the invention is shown in Fig. 4
and is designated generally by reference character 100.
Other embodiments of flow directing devices in accord-
ance with the invention, or aspects thereof, are provided
in Figs. 1-3 and 5-20, as will be described. The system
of the invention can be used to control swirl, for example,
in fuel swirlers for gas turbine engines.
[0013] Referring now to Fig. 1, fuel injector 10 is adapt-
ed and configured for producing an atomized spray of
liquid, such as for delivering fuel to the combustion cham-
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ber of a gas turbine engine. Fuel injector 10 is generally
referred to as a staged fuel injector in that it includes a
pilot fuel circuit, which typically operates during engine
ignition and at low engine power and a main fuel circuit,
which typically operates at high engine power (e.g., at
take-off and cruise) and is typically staged off at lower
power operation.
[0014] Fuel injector 10 includes a generally annular in-
jector body 12, which depends from an elongated feed
arm 14, and defines a longitudinal axis y. In operation,
main and pilot fuel flows are delivered into injector body
12 through concentric fuel feed tubes. As shown in Fig.
3, these feed tubes include an inner/main fuel feed tube
15 and an outer/pilot fuel feed tube 17 located within the
feed arm 14. Although not depicted herein, it is envi-
sioned that the fuel feed tubes could be enclosed within
an elongated shroud or protective strut extending from a
fuel fitting to the nozzle body.
[0015] Referring now to Fig. 2, at the same time fuel
is delivered to injector body 12 through feed arm 14, pres-
surized combustor discharge air is directed into the inlet
end 19 of injector body 12 and directed through a series
of main and pilot air circuits or passages, which are
shown in Fig. 3. The air flowing through the main and
pilot air circuits interacts with the main and pilot fuel flows
from feed arm 14. That interaction facilitates the atomi-
zation of the main and pilot fuel issued from the outlet
end 21 of injector body 12 and into the combustion cham-
ber of the gas turbine engine.
[0016] Referring now to Fig. 3, injector body 12 in-
cludes a main fuel atomizer 25 that has an outer air cap
16 and a main outer air swirler 18. A main outer air circuit
20 is defined between the outer air cap 16 and the outer
air swirler 18. Swirl vanes 22 are provided within the main
outer air circuit 20, depending from outer air swirler 18,
to impart an angular component of swirl to the pressu-
rized combustor air flowing therethrough.
[0017] Fuel injector 10 includes a flow directing body
100 mounted inboard of injector body 12, positioned ra-
dially inward of the outer air swirler 18. In this position,
flow directing body 100 takes the place of a traditional
prefilmer. A second flow directing device 26, in the place
of a traditional annular main fuel swirler, is mounted ra-
dially inward of the flow directing body 100. Flow directing
body 100 has a diverging prefilming surface at the nozzle
opening. As described in more detail herein below with
reference to Figs. 4 and 5, portions of the fuel circuits,
including flow channels and respective swirl ports are
defined in the outer diametrical surface of the flow direct-
ing device 100 for conducting fluids flowing therethrough.
[0018] With continuing reference to Fig. 3, the main
fuel circuit receives fuel from the inner feed tube 15 and
delivers that fuel into an annular swirl chamber 28 defined
in the outboard surface of second flow directing device
26 and located at the outlet end of the main fuel atomizer
25. Swirl chamber 28 receives liquid from swirl ports of
flow directing device 100, which are described below, to
form a swirling sheet of liquid for atomization downstream

of flow directing device 100. It is also contemplated that
the flow directing device can be configured to form a dis-
crete jet spray for suitable applications. The main fuel
atomizer further includes a main inner air circuit 30 de-
fined between the second flow directing device 26 and a
converging pilot air cap 32. Swirl vanes 34 are provided
within main inner air circuit 30, depending from pilot air
cap 32, to impart an angular component of swirl to the
pressurized combustor air flowing therethrough. In  op-
eration, swirling air flowing from main outer air circuit 20
and main inner air circuit 30 impinge upon the fuel issuing
from swirl chamber 28, to promote atomization of the fuel.
[0019] Injector body 12 further includes an axially lo-
cated pilot fuel atomizer 35 that includes the converging
pilot air cap 32 and a pilot outer air swirler 36. A pilot
outer air circuit 38 is defined between pilot air cap 32 and
pilot outer air swirler 36. Swirl vanes 40 are provided
within pilot outer air circuit 38, depending from air swirler
36, to impart an angular component of swirl to the air
flowing therethrough. A pilot fuel swirler 42, shown here
by way of example, as a pressure swirl atomizer, is co-
axially disposed within the pilot outer air swirler 36. The
pilot fuel swirler 42 receives fuel from the pilot fuel circuit
by way of the inner pilot fuel conduit 76 in support flange
78. Pilot fuel conduit 76 is oriented radially, or perpen-
dicularly with respect to longitudinal axis y.
[0020] Injector body 12 includes a tube mounting sec-
tion 12a and an atomizer mounting section 12b of re-
duced outer diameter. Tube mounting section 12a in-
cludes radially projecting mounting appendage that de-
fines a primary fuel bowl for receiving concentric fuel
tubes 15 and 17 of feed arm 14. A central main bore 52
extends from the fuel bowl for communicating with inner/
main fuel tube 15 to deliver fuel to the main fuel circuit.
Dual pilot fuel bores communicate with and extend from
the fuel bowl for delivering pilot/cooling fuel from outer/
pilot fuel tube 17 to the pilot fuel circuit.
[0021] With reference now to Fig. 4, flow directing de-
vice 100 for imparting swirl on a fluid includes a flow di-
recting body 102 having a first surface, i.e., outboard sur-
face 156, and opposed second surface, i.e., inboard sur-
face 154. Flow directing body 100 is an annular ring, con-
figured for use in place of a prefilmer/fuel swirler in a fuel
injector as described above. A set of branching flow chan-
nels 144 is defined in outboard surface 156 for conducting
fluids flowing through flow directing body 102.
[0022] Referring now to Fig. 5, one of the flow channels
144 is described in greater detail. Each of the flow chan-
nels 144 includes a channel surface, namely channel
floor 150, and a sidewall 108 extending from channel
floor 150 to outboard surface 156. A swirl bore 148 ex-
tends though flow directing body 102 from channel floor
150 to inboard surface 154 of the flow directing body 102
at an oblique angle relative to channel floor 150 for im-
parting a tangential swirl component onto fluids flowing
through swirl bore 148. In Fig. 6, the angle of swirl bore
148 relative to channel floor 150 is shown in cross-sec-
tion. Swirl bore 148 is cylindrical, with the  axis of the
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cylinder being angled tangentially with respect to axis y,
shown in Fig. 4, rather than being aligned with a radius
extending from axis y. The swirl bores 148 can be formed
by drilling, electrical discharge machining, or any other
suitable process. Due to its angle relative to channel floor
150, the opening of swirl bore 148 in channel floor 150
is an ellipse, the minor radius of which is equal in length
to the radius of the cylinder defined by swirl bore 148. As
shown in Fig. 4, the plurality of swirl bores 148 in flow
directing body 102 are circumferentially spaced apart for
imparting swirl on a bulk flow of liquid entering the fuel
channels 144 and passing through flow directing body
102 in a generally inward direction through bores 148. In
Fig. 4, the swirl bores 148 are evenly spaced circumfer-
entially, however the spacing can be uneven in suitable
applications.
[0023] With continued reference to Figs. 5 and 6, each
swirl bore 148 opens at a swirl bore opening within a
terminus section 146 of the respective flow channel 144.
Terminus section 146 is generally symmetrical with re-
spect to the portion of flow channel 144 just upstream of
terminus section 146. More particularly, terminus section
146 is circular and the opening of swirl bore 148 in chan-
nel floor 150 is at the center of the circular terminus sec-
tion 146. As liquid flows along channel 144, the conditions
upstream of bore 148 impart swirl on the flow as it enters
terminus section 146 and passes into bore 148. It has
been found that this type of symmetrical terminus section
can lead to lack of control of the direction of swirl of flow
within the terminus section, be it clockwise or counter-
clockwise as viewed in Fig. 5. In certain applications this
can result in unequal pressure losses distributed among
the ports, leading to increased flow non-uniformity, for
example when the flow from multiple swirl bores 148 pro-
duces conflicting swirl directions within a single flow di-
recting device 100.
[0024] Referring now to Fig. 7, another exemplary em-
bodiment of a flow directing device 200 is described,
which allows for control of the direction of swirl in each
channel terminus. Branching fuel channels 244 end in a
plurality of terminus portions 246, each having a swirl
bore 248 that is angled tangentially as described above.
Flow directing body 202 includes an inboard surface 254
and opposed outboard surface 256. Channels 244 are
formed in outboard surface 256, and the swirl bores 248
extend from channel floor 250 through flow directing body
202 to inboard surface 254, as shown in Fig. 10. Terminus
portions 246 each have a dogleg to the right relative to
the portion of channel 244 immediately upstream of ter-
minus section 246, as oriented in Fig. 8. Fig. 9 shows an
enlarged view of one of the terminus portions 246 of the
channel 244 indicated  in Fig. 8. As indicated in Fig. 9,
as fuel passes through flow directing body 202 by way
of swirl bore 248, a tangential component is imparted on
the flow direction that causes a swirling flow around the
volume within an inboard swirl chamber such as that
shown and described in the applications incorporated by
reference above. The importance of orienting swirl bores

248 in a predominantly tangential direction is to impart
sufficient swirl to the liquid to enhance the mixing of the
discrete fuel streams from the individual swirl bores 248
within a common swirl chamber. The enhanced mixing
of the fuel streams ensures that the fuel will form a co-
herent sheet of liquid upon exiting the swirl chamber, and
improve the circumferential uniformity of the fuel sheet
for a well distributed spray of atomized fuel.
[0025] Referring again to Fig. 9, one characteristic of
the swirl bore configuration in flow directing device 200
is the tendency for a swirling flow to form within the ter-
minus portion 246, much as in the drain-type swirl effect
described above. The liquid delivery path leading up to
swirl bore 248 contributes to the character of the flow
entering swirl bore 248. For a bore originating on the
outer diameter of a flow passage, the direction of the flow
as it approaches the bore typically has a strong compo-
nent which is perpendicular to the axis of the bore, and
the same can be said for bores originating on an inner
diameter surface. In this situation, the flow will have a
clear tendency to swirl as it enters the bore, similar to the
way water swirls as it flows down a drain. Unless proper
control is effected on the liquid as it approaches the bore,
the liquid may spin in either a clockwise or counter-clock-
wise direction, which can result in different behavior of
the flow through and exiting the bore. Therefore, it is ad-
vantageous to control the direction of swirl as it enters
the bores.
[0026] This swirling flow entering swirl bore 248 is in-
dicated schematically by the flow arrows of Fig. 9. Figs.
11 and 12 show the asymmetry of terminus section 246
and bore 248 for direct comparison with Figs. 5 and 6,
respectively. Unlike the symmetrical terminus sections
146 described above, in which the swirl direction varies
depending on upstream conditions, the dogleg of termi-
nus section 246 forces the counter-clockwise swirl direc-
tion indicated in Fig. 9. Since each terminus section 246
around flow directing body 202 has the same dogleg di-
rection, each terminus section 246 has the same swirl
direction relative to its respective swirl bore 248. This
common, controlled swirl direction is in contrast to the
swirl directions of flow directing body 102 described
above, which vary from channel to channel. Having con-
sistent swirl  directions for each of the swirl bores 248
improves pressure drop, fuel distribution, and the
strength of the desirable swirl around annular swirl cham-
ber 28 described above.
[0027] As indicated in Fig. 10, due to the oblique angle
of swirl bore 248 relative to floor 250 of channel 244, a
portion of the swirl bore opening forms an acute angle
with floor 250, and a portion forms an obtuse angle there-
with. Due to process variation, the characteristics of this
entrance can vary from one swirl bore 248 to another
around the circumference of prefilmer 224. Care should
be exercised to ensure appropriate levels of process var-
iation sensitivity in forming the swirl bores for given ap-
plications. If there is significant process variation sensi-
tivity in a given application, mitigation measures are de-
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scribed in U.S. Patent Application No. 13/368,659. More-
over, each swirl bore 248 has a length L and diameter
D. The effectiveness at generating the desirable tangen-
tial swirl component on liquids flowing through swirl bore
248 is a function of the L/D ratio, the higher the ratio, the
more effective the swirl bore. The thickness T of flow
directing body 202 and the depth of channel 244 can be
adjusted as needed to provide an appropriate L/D ratio
for a given application.
[0028] With reference now to Figs. 13-15, another ex-
emplary embodiment of a flow directing device 300 is
shown with a flow directing body 302, branching flow
channels 344, and swirl bores 348 similar to those de-
scribed above. As can be seen by comparison of Figs.
13, 14, and 15 with Figs. 7, 11, and 12, respectively,
terminus sections 346 are similar to terminus sections
246 described above, but the dogleg direction is oppo-
site. This means that whereas terminus sections 246 de-
scribed above induce a counter-clockwise swirl as
viewed in Fig. 9, terminus sections 346 induce a clock-
wise swirl entering swirl bores 348. While the terminus
sections 246 and 346 described above both have dogleg
angles of 90° relative to the flow channel 244/344 just
upstream of the dogleg, other dogleg angles can be used
without departing from the spirit and scope of the inven-
tion. For example, Figs. 18 and 19, which can be com-
pared to Figs. 11 and 12, respectively, show an exem-
plary channel 444 having a terminus section 446 with a
dogleg angle α of about 45° relative to the portion of chan-
nel 444 just upstream of terminus 446. Swirl bore 448
defines a compound angle, having a tangential compo-
nent as described above plus an axial component that is
aligned with the angle α shown in Fig. 18 so the axis X
of terminus section 446 and the axis x of swirl bore 448
are aligned parallel to one another in plan view as shown
in Fig. 20. The uses and advantages of such compound
angles for swirl bores are described in greater detail in
U.S. Patent Application No. 13/368,659. Examples have
been  given above for dogleg angles of 90° and 45°. It is
contemplated that any suitable dogleg angle can be used
without departing from the spirit and scope of the inven-
tion, and that angles from 0° to 180° are particularly suit-
able for fuel injection applications, for example. Without
wishing to be bound to theory, turning angles larger than
180° can also provide proper control of swirl direction in
accordance with the invention, but may result in overly-
complicated flow pathways, excessive machining, and
difficulties maintaining other design constraints such as
envelope, cost, and weight limitations.
[0029] Referring now to Fig. 16, when swirl forms in a
channel terminus such as those described above, the
swirl raises pressure drop and reduces the flow number
for the swirl bore compared to what the flow would be
like with no swirl. In most applications it is desirable to
mitigate this type of swirl. The location of swirl bore 248
within terminus section 246 affects the amount of swirl
induced on flow passing into swirl bore 248.
[0030] Terminus section 246 of channel 244 defines a

semi-circular pad 255 in the channel floor 250 having a
radius R that is about 4.5 times the radius r of swirl bore
248. The semi-circular pad 255 could be any size with a
radius R between about 2.0 to about 5.0 times the swirl
bore radius r while still attaining the benefits described
above. Pad 255, and terminus section 246 in general,
should be of sufficient size relative to the respective swirl
bore, so that the swirl bore can be placed for controlling
the amount of flow through the swirl bore for a given driv-
ing pressure.
[0031] The flow channel upstream of the dogleg de-
fines a first axis y’, which is parallel to axis y in Fig. 7.
Semi-circular pad 255 defines a radial center point C.
Axis y" runs parallel to axis y’ through center point C. The
opening of swirl bore 248 in channel floor 250 has a center
c that is offset from center point C in a direction parallel
to axis y" (i.e. in a direction perpendicular to axis X). This
offset is represented in Fig. 16 by distance A. This offset
distance A is shown in Fig. 16 as about 1.5 times radius
r, and in Fig. 17 as about 1.0 times radius r. However,
offset distance A can be anything from about 1.0 times
radius r to about 2.0 times radius r below center point C
as oriented in Figs. 16-17. In certain applications, offset
distance A can be zero, i.e., swirl bore 248 can be cen-
tered vertically on axis X. If the dogleg axis, axis X, is
oblique relative to the first axis y’, as in Fig. 20, then the
offset distance A is perpendicular to the oblique axis X.
[0032] With continued reference to Figs. 16-17, an axis
X is defined perpendicular to axis y" along channel floor
250 through center point C. Swirl bore opening center c
is also offset from  center point C in a direction parallel
to axis X, which offset is represented by distance B in
Figs. 16-17. In Fig. 16, offset distance B is about 0.75
times radius r towards axis y’, and in Fig. 17, offset dis-
tance B is about 0.5 times radius r away from axis y’.
However, offset distance B can be anything from about
1.0 times radius r to the left of center point C to about 1.0
times radius r to the right of center point C, as oriented
in Figs. 16-17. If the axis X is oblique relative to first axis
y’, as in Fig. 20, then the offset distance B is parallel to
the oblique axis X.
[0033] It has been determined, in conjunction with the
subject invention, that region 271 that is depicted in Figs.
16-17 as a generally rectangular area, is a location where
swirl is intensified if a swirl bore is located therein. Lo-
cating the center of a swirl port in region 271 results in
higher driving pressure for a given flow-rate, as well as
increased unsteadiness. Swirl port region 271 is gener-
ally the area just above the X axis, centered on the y" axis,
and about one radius R wide as oriented in Figs. 16-17.
In the case of an oblique dogleg, as in Figs. 18-20, the
position of swirl bore 448 can be set using the principles
outlined above, wherein the X and y" axes are oriented
based on the orientation of terminus section 446, as
shown in Fig. 20.
[0034] While described above in the exemplary context
of annular directing flow within fuel injectors, those skilled
in the art will readily appreciate that flow directing devices
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in accordance with the invention can be used in any suit-
able application, and need not be annular. Directing the
flow from an outboard surface through swirl bores to an
inboard surface is exemplary, as it is contemplated that
flow directing devices in accordance with the invention
can direct flow from a radially inner surface out to a ra-
dially outboard surface as well. The exemplary embodi-
ments above have channel floors and channel walls,
however those skilled in the art will readily appreciate
that any suitable channel surface arrangement can be
used, for example, a single curved surface can define a
channel, without departing from the scope of the inven-
tion. Moreover, while described in the exemplary context
of liquid fuel, any suitable fluid can be used without de-
parting from the scope of the invention.
[0035] The methods and systems of the present inven-
tion, as described above and shown in the drawings, pro-
vide for swirler flow control devices and methods with
superior properties including improved pressure drop
and improved control of swirl direction and intensity.
While the apparatus and methods of the subject invention
have been shown and described with reference to pre-
ferred embodiments, those skilled in the art will readily
appreciate that changes  and/or modifications may be
made thereto without departing from the scope of the
subject invention.
[0036] The following clauses set out features of the
injector which may form the basis for further amendment
and/or divisional applications.

1. An injector for producing an atomized spray of
liquid comprising:

a) an annular injector body;
b) an annular first flow directing body mounted
inboard of the injector body, the first flow direct-
ing body including an inboard surface and op-
posed outboard surface, wherein a plurality of
flow channels are defined in the outboard sur-
face of the first flow directing body for conducting
fluids flowing through the first flow directing
body, wherein each flow channel includes a
channel floor and a sidewall extending from the
channel floor to the outboard surface of the first
flow directing body, and wherein a swirl bore ex-
tends through the first flow directing body from
each channel floor to the inboard surface of the
first flow directing body at an oblique angle rel-
ative to the channel floor for imparting a tangen-
tial swirl component onto fluids flowing through
the swirl bore; and
c) an annular second flow directing body mount-
ed radially inboard of the first flow directing body
and including an outboard surface with an an-
nular swirl chamber defined therein for receiving
liquid from the swirl bores of the first flow direct-
ing body to form a swirling sheet of liquid for
atomization downstream of the second flow di-

recting body.

2. An injector as described in clause 1, wherein a
terminus section of each flow channel defines a dog-
leg with respect to the flow channel upstream of the
terminus section.
3. An injector as described in clause 2, wherein the
dogleg is angled relative to the flow channel up-
stream of the dogleg.
4. An injector as described in clause 2, wherein the
swirl bore of each flow channel defines a swirl bore
radius, wherein the terminus section of each flow
channel defines a semi-circular pad in the channel
floor having a radius between about two to about five
times the swirl bore radius.
5. An injector as described in clause 4, wherein the
flow channel upstream of each dogleg defines a re-
spective first axis, wherein each respective dogleg
defines a second axis angled relative to the first axis,
and wherein the swirl bore opening in each channel
floor has a center that is offset from a radial center
point defined by the semi-circular pad in a direction
perpendicular to the second axis by about one swirl
bore radius or more and about two times the swirl
bore radius or less.
6. An injector as described in clause 4, wherein the
flow channel upstream of each dogleg defines a re-
spective first axis, wherein each respective dogleg
defines a second axis angled relative to the first axis,
and wherein the swirl bore opening in each channel
floor has a center that is offset from a radial center
point defined by the semi-circular pad in a direction
perpendicular to the second axis by zero or more
times the swirl bore radius downstream relative to
the flow channel.
7. An injector as described in clause 4, wherein the
flow channel upstream of each dogleg defines a re-
spective first axis, and wherein the swirl bore open-
ing in each channel floor has a center that is offset
from a radial center point defined by the semi-circular
pad in a direction along a second axis that is angled
relative to the first axis by about one swirl bore radius
or less.

Claims

1. A flow directing device for imparting swirl on a fluid
comprising:

a) a flow directing body having a first surface
and an opposed second surface;
b) a flow channel defined in the first surface of
the flow directing body for conducting fluids flow-
ing through the flow directing body, wherein the
flow channel includes a channel surface set in
from the first surface; and
c) a swirl bore extending though the flow direct-
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ing body from the channel surface to the second
surface of the flow directing body at an oblique
angle relative to the channel surface for impart-
ing a tangential swirl component onto fluids flow-
ing through the swirl bore.

2. A flow directing device as claimed in claim 1, wherein
the swirl bore is cylindrical.

3. A flow directing device as claimed in claim 1 or 2,
wherein the swirl bore opens at a swirl bore opening
within a terminus section of the flow channel, wherein
the terminus section of the flow channel is substan-
tially symmetrical with respect to the flow channel
upstream of the terminus section, wherein the termi-
nus section is circular and wherein the swirl bore
opening is defined at the center of the circular termi-
nus section.

4. A flow directing device as claimed in claim 1 or 2,
wherein the swirl bore opens at a swirl bore opening
within a terminus section of the flow channel, wherein
the terminus section of the flow channel is asymmet-
rical with respect to the flow channel upstream of the
terminus section to control swirl direction for fluids
flowing through the swirl bore.

5. A flow directing device as claimed in claim 4, wherein
the terminus section of the flow channel defines a
dogleg with respect to the flow channel upstream of
the terminus section.

6. A flow directing device as claimed in claim 5, wherein
the dogleg is angled to impart counter-clockwise
swirl in the swirl bore as viewed towards the channel
floor.

7. A flow directing device as claimed in claim 5, wherein
the dogleg is angled to impart clockwise swirl in the
swirl bore as viewed towards the channel floor.

8. A flow directing device as claimed in claim 5, wherein
the dogleg is angled at about 90° relative to the flow
channel upstream of the dogleg.

9. A flow directing device as claimed in claim 5, wherein
the dogleg is angled obliquely relative to the flow
channel upstream of the dogleg.

10. A flow directing device as claimed in any of claims
5 to 9, wherein the swirl bore defines a swirl bore
radius, wherein the terminus section defines a semi-
circular pad in the channel floor having a radius be-
tween about two to about five times the swirl bore
radius.

11. A flow directing device as claimed in claim 10, where-
in the flow channel upstream of the dogleg defines

a first axis, wherein the dogleg defines a second axis
angled relative to the first axis, and wherein the swirl
bore opening in the channel surface has a center
that is offset from a radial center point defined by the
semi-circular pad in a direction perpendicular to the
second axis by about one swirl bore radius or more
and about two times the swirl bore radius or less.

12. A flow directing device as claimed in claim 10, where-
in the flow channel upstream of the dogleg defines
a first axis, wherein the dogleg defines a second axis
angled relative to the first axis, and wherein the swirl
bore opening in the channel surface has a center
that is offset from a radial center point defined by the
semi-circular pad in a direction perpendicular to the
second axis by zero or more times the swirl bore
radius downstream relative to the flow channel.

13. A flow directing device as claimed in claim 10, where-
in the flow channel upstream of the dogleg defines
a first axis, and wherein the swirl bore opening in the
channel surface has a center that is offset from a
radial center point defined by the semi-circular pad
in a direction along a second axis that is angled rel-
ative to the first axis by about one swirl bore radius
or less.

14. A flow directing device as claimed in any preceding
claim, wherein a plurality of flow channels are de-
fined in the first surface of the flow directing body,
wherein each flow channel includes a channel floor
and a sidewall extending from the channel floor to
the outboard surface of the first flow directing body,
and wherein the swirl bore extends through the first
flow directing body from each channel floor to the
inboard surface of the first flow directing body at an
oblique angle relative to the channel floor for impart-
ing a tangential swirl component onto fluids flowing
through the swirl bore.

15. An injector for producing an atomised spray of liquid
comprising:

a) an annular injector body;
b) an annular flow directing device as claimed
in claim 14; and
c) an annular second flow directing body mount-
ed radially inboard of the first flow directing body
and including an outboard surface with an an-
nular swirl chamber defined therein for receiving
liquid from the swirl bores of the first flow direct-
ing body to form a swirling sheet of liquid for
atomization downstream of the second flow di-
recting body.
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