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A fuel injector for a turbine engine includes a fuel sched-
uling valve configured for regulation of fuel flow from a fuel
inlet in response to fuel pressure received at the fuel inlet.
Primary and secondary fuel circuits receive fuel from the
scheduling valve, and an electrically-controlled valve is
provided in fluid communication with the primary circuit,
adapted and configured to actively control fuel through the
primary circuit in response to a control signal.
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VARIABLE RESTRICTION OF A FUEL
CIRCUIT OF A FUEL NOZZLE

BACKGROUND
Field of the Invention

The present invention relates to fuel control and delivery
systems of turbine engines, particularly to fuel injectors and
nozzles, such as those found in commercial aircraft.

Description of the Related Art

Turbine fuel control systems, such as those typically
found in commercial aircraft include various robust controls
to allow for optimized operational characteristics under
different load conditions.

Often, a mechanical fuel metering or “scheduling” valve
is provided in connection with a fuel injector and serves to
respond to an increase in fuel pressure supplied to it by
gradually opening one or more flow paths, such as to a
primary and/or secondary fuel injector nozzle. A resistive
spring provides the force balance to limit the rate at which
the scheduling valve opens. These valves can be used to
divide flow as well, providing multiple flow paths that can
be sequenced/scheduled based on inlet fuel pressure, valve
open area, and any downstream flow devices such as atom-
izers. At relatively low flow conditions, the flow scheduling
valve is largely responsible for most of the metering and
therefore consumes/requires the majority of the fuel pres-
sure. At relatively high flow conditions, there is a transition
of pressure drop from the valve to other components down-
stream of the valve. One such fuel scheduling valve is
described in U.S. Pat. No. 5,732,730 to Shoemaker, et al.,
which reference is incorporated herein by reference in its
entirety.

Gas turbine combustors will typically have a natural
frequency that may become excited when a certain heat
release is attained. Quite often, this phenomenon occurs at
ground conditions, however, it can also be a concern at
multiple flow conditions. This condition can cause signifi-
cant levels of noise and occasionally may negatively impact
the health of the structural components within and around
the combustor. To mitigate this noise, adjustments to fuel
scheduling may be directed, in an attempt to decouple the
heat release and noise, however, these attempts require
additional flow dividing hardware and fuel manifolds, add-
ing significant cost, weight, and power requirements.

Alternative fuel distribution systems also exist in the art
that include a common fuel dividing valve, which distributes
supplied fuel to separate manifolds, each manifold indepen-
dently delivering a supply of fuel to separate fuel circuits of
multiple injectors.

Although generally considered satisfactory, such afore-
mentioned arrangements do not allow for active or granular
control of injectors, which can lead to suboptimal perfor-
mance and/or undesirable operational characteristics under
certain operating conditions. Applicant recognizes, there-
fore, an ever present need for improved systems and meth-
ods for adjusting flow in passive injection valves.

SUMMARY

In accordance with a first aspect of the invention, a fuel
injector for a turbine engine is provided, which includes a
housing having an internal enclosure for pressurized fluid, a
fuel inlet formed on the housing, permitting delivery of fuel
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supply to the fuel injector, a scheduling valve disposed
within the housing, configured for regulation of fuel flow
from the fuel inlet in response to fuel pressure received at the
fuel inlet, a primary fuel circuit formed in the housing,
receiving fuel from the scheduling valve, a secondary fuel
circuit formed in the housing, receiving fuel from the
scheduling valve, an electrically-controlled valve in fluid
communication with the primary circuit adapted and con-
figured to actively control fuel through the primary circuit in
response to a control signal, a fuel nozzle in fluid commu-
nication with, receiving fuel from the primary and secondary
fuel circuits, a primary outlet formed on the nozzle, in fluid
communication with the primary fuel circuit, and a second-
ary outlet formed on the nozzle, in fluid communication with
the secondary fuel circuit.

The scheduling valve can include a movable valve mem-
ber or “spool,” biased to a closed position by one or more
biasing members, wherein the valve spool is configured to
regulate flow from the inlet of the injector to each of the
primary and secondary circuits, and wherein the valve spool
includes a scheduling surface configured to vary flow area
through the secondary fuel circuit based on position of the
valve spool within the scheduling valve.

A leak path can be provided in connection with the
primary fuel circuit, whereby fuel from the scheduling valve
passes through the primary fuel circuit at a minimum
predetermined rate when dictated by the scheduling valve,
regardless of the operation of the electrically-controlled
valve. The leak path can be formed in the housing, parallel
to a fluid path through the electrically-controlled valve.
Alternatively, the leak path can provided by the electrically-
controlled valve itself. The leak path can be defined by a
default valve position of the electrically-controlled valve.
Activation of the electrically-controlled valve can increase
fluid flow through the primary fuel circuit.

The electrically-controlled valve can be a binary valve.
Alternatively, the electrically-controlled valve can be a
modulating valve. Alternatively still, the electrically-con-
trolled valve can be a motorized valve.

In accordance with a further aspect of the invention, a fuel
supply system for a turbine engine is provided, including a
single fuel manifold adapted to receive and distribute a fuel
supply to a plurality of points of the turbine engine, and a
plurality of fuel injectors distributed around a periphery of
the engine, adapted and configured to receive fuel from the
single fuel manifold. In accordance with this aspect, at least
one of the fuel injectors has a housing having an internal
enclosure for pressurized fluid, a fuel inlet formed on the
housing, permitting delivery of fuel supply from the single
fuel manifold to the fuel injector, a scheduling valve dis-
posed within the housing, configured for regulation of fuel
flow from the fuel inlet in response to fuel pressure received
at the fuel inlet, a primary fuel circuit formed in the housing,
receiving fuel from the scheduling valve, a secondary fuel
circuit formed in the housing, receiving fuel from the
scheduling valve, an electrically-controlled valve in fluid
communication with the primary circuit adapted and con-
figured to actively control fuel through primary circuit in
response to a control signal, a fuel nozzle in fluid commu-
nication with and receiving fuel from the primary and
secondary fuel circuits, a primary outlet formed on the
nozzle, in fluid communication with the primary fuel circuit,
and a secondary outlet formed on the nozzle, in fluid
communication with the secondary fuel circuit.

The system can further include at least one passive fuel
injector, receiving fuel from the single fuel manifold. The at
least one passive fuel injector can include only one nozzle.
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The system can further include a metering valve adapted
and configured to receive a fuel supply from a fuel pump,
and output the fuel to the single manifold.

The system can further include a controller electrically
connected to the electrically-controlled valve on at least one
fuel injector for individual control thereof.

The system can further include a controller electrically
connected to the electrically-controlled valves on a plurality
of fuel injectors for ganged control thereof.

These and other features of the devices, systems and
related methods of the subject disclosure will become more
readily apparent to those skilled in the art, from the follow-
ing detailed description of the preferred embodiments taken
in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

So that those skilled in the art to which the subject
disclosure appertains will readily understand how to make
and use the devices, systems and related methods of the
subject disclosure without undue experimentation, preferred
embodiments thereof will be described in detail herein
below with reference to certain figures, wherein:

FIG. 1 is a schematic cross-sectional perspective view of
a valve arrangement for a fuel injector in accordance with
one aspect of the present invention;

FIG. 2 is a schematic diagram of a fuel supply system for
a jet turbine engine in accordance with a further aspect of the
invention, which includes multiple fuel injectors incorpo-
rating the valve arrangement of FIG. 1, along with duplex
fuel nozzles; and

FIG. 3 is a schematic diagram of the valve arrangement of
FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference will now be made to the drawings wherein like
reference numerals identify similar structural features or
aspects of the subject disclosure. For purposes of explana-
tion and illustration, and not limitation, representative
embodiments and aspects of the subject devices, systems
and related methods are described. The devices, systems and
methods described herein can be used to provide adjustment
to fuel flow through otherwise passive valves, e.g. to control
emissions, mitigate flame-out risk and/or to provide active
patternation in fuel injection for gas turbine engines.

With reference to FIG. 1, there is illustrated a schematic
cross-sectional perspective view of a valve arrangement 100
for a fuel injector in accordance with one aspect of the
present invention. The valve 100 includes a housing 110, a
fuel inlet 115, and a movable valve member or spool 111,
which is fitted inside the housing 110, and resiliently urged
into a normally closed position, unless acted on by sufficient
inlet fuel pressure to overcome the biasing force(s). When
experiencing increased fuel pressure of at least a predeter-
mined value, the spool 111 is urged downward, allowing fuel
to pass into a primary outlet chamber 113. Fuel is thus
supplied to a primary fuel circuit 117q, 1175, 117c.

An electrically-controlled, valve 120 is provided in the
primary fuel circuit 117 to enable active adjustment of fuel
flowing through the primary fuel circuit 117. Depending on
the implementation, the electrically-controlled valve 120
can be formed integrally with the housing 110, or separately
attached thereto.

Under default operating conditions, a predetermined
amount of fuel is permitted to flow through the primary fuel
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circuit 117, without active intervention by the electrically-
controlled valve 120. That is, a leak path 123 is provided for
some fuel to flow through the primary fuel circuit 117, past
the electrically-controlled valve 120, and in this manner, the
benefits of a fail-safe configuration are achieved. Such leak
path 123 can be provided by forming a bypass channel
around or through the electrically-controlled valve 120, or
alternatively by configuring the electrically-controlled valve
120 so as to always be partially open.

If higher fuel pressure is applied via fuel inlet 115, such
as when higher power output is required, the spool 111 is
urged further downward, opening a path for fuel to enter a
secondary fuel outlet chamber 114 by way of a passage
formed between scheduling surface 116 and the adjacent
structures thereto, and thus also a secondary fuel circuit 119.
The primary fuel circuit 117 and secondary fuel circuit 119,
continue to deliver fuel to respective primary and secondary
fuel nozzles of an associated fuel injector. In alternate
implementations, the same valve arrangement 100 can be
used in conjunction with multiple injectors simultaneously.

As such, the valve arrangement 100, including electri-
cally-controlled valve 120 on the primary fuel circuit, per-
mits active control of fuel flow rate through the primary fuel
circuit at levels above a default, predetermined flow rate.
Such control may be desirable in order to change the
characteristics of the fuel being injected into the combustor
of the turbine engine in order to control emissions, or
mitigate the potential for flame-out.

Advantageously, because active control is only provided
for flow rates above a base flow rate, weight is minimized,
because a smaller valve operator is needed than would be
required for full electric fuel control. Also for this reason and
because use of active control will typically be limited to
certain operating conditions, any additional electrical power
requirements are also minimized, along with associated heat
generation.

The electrically-controlled valve 120 can be of any suit-
able type, as may be dictated by the desired implementation.
Suitable valves can be of solenoid-operated type, or those
utilizing electroactive (e.g. piezoelectric) materials, such as
those described by U.S. Patent Publication No. 2016/
0230904 to Zarrabi et al., which is incorporated herein by
reference in its entirety. Alternatively, proportional or modu-
lating operators can be utilized, such as by use of a stepper-
motor actuator, as well as 3-way solenoid valves or mag-
netorestrictive valves.

With reference now to FIG. 2, there is illustrated a fuel
supply system 200, which includes a plurality of duplex
injectors 250, each with a valve arrangement 100 as shown
in FIG. 1. Each duplex injector 250 includes a primary
nozzle 253 and a secondary nozzle 255, respectively fed by
primary 117 and secondary 119 fuel circuits of the injector,
as described above.

In the illustrated embodiment, also illustrated are a plu-
rality of simplex fuel injectors 240, configured so as to act,
as secondary nozzles, passively—that is, to become active
with other secondary nozzles 255 of the system 200 in
response to increased fuel pressure above a predetermined
level. The duplex 250 and simplex 240 injectors are con-
nected by way of a single fuel manifold 260, which receives
fuel via inlet 263, optionally from a common fuel metering
valve.

A controller 290 is also illustrated interfacing with respec-
tive valves 100, in order to actively adjust fuel flow, as
described above. For the sake of simplicity, electrical con-
nections are only illustrated for a portion of the duplex
injectors 250 having electrically-controlled valves 120,
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however it is to be understood that all active injectors are
provided with control. The controller can be configured so as
to enable individual control of each electrically-controlled
valve 120, or alternatively, can be configured so as to control
them in predetermined groupings or in “ganged” fashion.
Moreover, multiple controllers can be provided for redun-
dancy, for example

As illustrated, a first sub-set of duplex injectors 257a is
grouped circumferentially offset from the second sub-set of
duplex injectors 257b. In the illustrated embodiment there
are also two groups of three passive simplex injectors 240,
also separated circumferentially from one another. Those
skilled in the art will readily appreciate that this circumfer-
ential arrangement can be modified as needed for a given
engine application, and that control of the injectors 240, 250
as described herein allows for finely tuned control of the
flame in the associated combustor.

Further, the control of electrically-controlled valves 120
can be based on sensor feedback from one or more sensors
in the system 200, such as mass flow sensors, pressure
sensors and/or valve position sensors, which can allow for
health monitoring and active flow control. Moreover, of the
actively controlled valves, the controller 290 can control
certain valves to have higher flow rates than others. Further,
when valves are actuated to increase or reduce fuel flow
rates, the valves can be actuated gradually and/or sequen-
tially to minimize sudden pressure fluctuations within the
fuel system 200.

FIG. 3 is a schematic diagram of the valve arrangement of
FIG. 1, illustrating the functional arrangement of compo-
nents of the valve 100 and its associated fuel injector 250.
Iustrated is the fuel inlet 115, followed by a check function,
accomplished by a first open position of the valve spool 111
of FIG. 1. After that, fuel is divided into primary 117 and
secondary 119 fuel circuits. The primary fuel circuit 117
leads through the electrically-controlled valve 120 and to the
primary nozzle 253 of the fuel injector 250. The secondary
fuel circuit 119 leads through the fuel scheduling function
accomplished by the valve spool 111, and to the secondary
nozzle 255 of the fuel injector 250.

There are various potential benefits of systems and meth-
ods as disclosed herein. Among the benefits are that failure
modes of the electrically-controlled valves 120 add little if
any additional risk for operation of the injectors. Also,
systems and methods as disclosed herein allow for removal
of the engine flow divider valve and subsequent fuel mani-
folds, fittings, and the like, and allow both primary and
secondary circuits to be supplied by a single manifold while
still providing active control.

The methods and systems of the present disclosure, as
described above and shown in the drawings, provide for
adjustment of otherwise passive valves in fuel injection for
gas turbine engines. While the apparatus and methods of the
subject disclosure have been shown and described with
reference to preferred 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 disclosure.

What is claimed is:

1. A fuel injector for a turbine engine comprising:

a housing having an internal enclosure for pressurized

fluid;

a fuel inlet formed on the housing, permitting delivery of

fuel supply to the fuel injector;

a scheduling valve disposed within the housing, config-

ured for regulation of fuel flow from the fuel inlet in
response to fuel pressure received at the fuel inlet;
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a primary fuel circuit formed in the housing, receiving

fuel from the scheduling valve;

a secondary fuel circuit formed in the housing, receiving

fuel from the scheduling valve;

an electrically-controlled valve in fluid communication

with the primary circuit adapted and configured to

actively control fuel through the primary circuit in
response to a control signal;

a fuel nozzle in fluid communication with and receiving

fuel from the primary and secondary fuel circuits;

a primary outlet formed on the nozzle, in fluid commu-

nication with the primary fuel circuit;

a secondary outlet formed on the nozzle, in fluid com-

munication with the secondary fuel circuit; and

a leak path in connection with the primary fuel circuit,

whereby fuel from the scheduling valve passes through

the primary fuel circuit at a minimum predetermined
rate when dictated by the scheduling valve, regardless
of the operation of the electrically-controlled valve.

2. The fuel injector of claim 1, wherein the scheduling
valve includes a valve spool, biased to a closed position by
one or more biasing members, wherein the valve spool is
configured to regulate flow from the inlet of the injector to
each of the primary and secondary circuits, and wherein the
valve spool includes a scheduling surface configured to vary
flow area through the secondary circuit based on position of
the valve spool within the scheduling valve.

3. The fuel injector of claim 1, wherein the leak path is
formed in the housing, parallel to a fluid path through the
electrically-controlled valve.

4. The fuel injector of claim 1, wherein the leak path is
provided by the electrically-controlled valve.

5. The fuel injector of claim 4, wherein the leak path is
defined by a default valve position of the electrically-
controlled valve.

6. The fuel injector of claim 1, wherein activation of the
electrically-controlled valve increases fluid flow through the
primary fuel circuit.

7. The fuel injector of claim 1, wherein the electrically-
controlled valve is a binary valve.

8. The fuel injector of claim 1, wherein the electrically-
controlled valve is a modulating valve.

9. The fuel injector of claim 1, wherein the electrically-
controlled valve is a motorized valve.

10. A fuel supply system for a turbine engine, comprising:

a single fuel manifold adapted to receive and distribute a

fuel supply to a plurality of points of the turbine engine;

and

a plurality of fuel injectors distributed around a periphery

of the engine, adapted and configured to receive fuel

from the single fuel manifold, at least one of the fuel
injectors having:

a housing having an internal enclosure for pressurized
fluid;

a fuel inlet formed on the housing, permitting delivery
of fuel supply from the single fuel manifold to the
fuel injector;

a scheduling valve disposed within the housing, con-
figured for regulation of fuel flow from the fuel inlet
in response to fuel pressure received at the fuel inlet;

a primary fuel circuit formed in the housing, receiving
fuel from the scheduling valve;

a secondary fuel circuit formed in the housing, receiv-
ing fuel from the scheduling valve;

an electrically-controlled valve in fluid communication
with the primary circuit adapted and configured to
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actively control fuel through the primary circuit in
response to a control signal;
a fuel nozzle in fluid communication with and receiving
fuel from the primary and secondary fuel circuits;
a primary outlet formed on the nozzle, in fluid com-
munication with the primary fuel circuit;
a secondary outlet formed on the nozzle, in fluid
communication with the secondary fuel circuit; and
a leak path in connection with the primary fuel circuit,
whereby fuel from the scheduling valve passes
through the primary fuel circuit at a minimum pre-
determined rate when dictated by the scheduling
valve, regardless of the operation of the electrically-
controlled valve.
11. The fuel supply system of claim 10, further compris-
ing:
at least one passive fuel injector, receiving fuel from the
single fuel manifold.
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12. The fuel supply system of claim 11, wherein the at

least one passive fuel injector includes only one nozzle.

13. The fuel supply system of claim 10, further compris-

ing:

a metering valve adapted and configured to receive a fuel
supply from a fuel pump, and output the fuel to the
single manifold.

14. The fuel supply system of claim 10, further compris-

ing:

a controller electrically connected to the electrically-
controlled valve on at least one fuel injector for indi-
vidual control thereof.

15. The fuel supply system of claim 10, further compris-

ing:

a controller electrically connected to each electrically-
controlled valve on a plurality of fuel injectors for
ganged control thereof.
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