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(54) CORRECTED FUEL-FLOW-RATE-BASED CONTROL FOR VARIABLE GEOMETRY 
MECHANISMS

(57) In a method for controlling an engine having a
variable geometry mechanism, a pressure ratio between
a first pressure at an inlet of the engine and a predeter-
mined reference pressure is determined, and a fuel flow
rate to the engine is determined. The fuel flow rate is
adjusted based at least in part on the pressure ratio to
obtain a corrected fuel flow rate. A position control signal
for the variable geometry mechanism of the engine is
generated based on the corrected fuel flow rate. The po-
sition control signal is output to a controller of the engine
to control the variable geometry mechanism.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates generally to gas
turbine engines, and more particularly to control of vari-
able geometry mechanisms (VGMs) in gas turbine en-
gines.

BACKGROUND OF THE ART

[0002] During aircraft operations consisting of rapid
engine transitions from low to high power levels, it is de-
sirable to reduce the response time of the engine in order
to achieve a required power. For this purpose, inlet mass
flow can be increased by accelerating the gas generator
of the engine, thereby increasing the engine’s power.
This may be achieved by a variety of techniques which
adjust the shape or geometry of one or more components
of the engine, called variable geometry mechanisms,
thereby adjusting the response of the engine.
[0003] Traditionally, variable geometry mechanisms
are controlled as a function of the speed of the engine.
However, these techniques lead to poor compressor-
stage matching and limit the range of functionality of en-
gine spools. There is therefore a need for improved con-
trol schemes for variable geometry mechanisms.

SUMMARY

[0004] In accordance with a broad aspect, there is pro-
vided a method for controlling an engine having a variable
geometry mechanism, comprising: determining a pres-
sure ratio between a first pressure at an inlet of the engine
and a predetermined reference pressure; determining a
fuel flow rate to the engine; adjusting the fuel flow rate
based at least in part on the pressure ratio to obtain a
corrected fuel flow rate; generating a position control sig-
nal for the variable geometry mechanism of the engine
based on the corrected fuel flow rate; and outputting the
position control signal to a controller of the engine to con-
trol the variable geometry mechanism.
[0005] In an embodiment according to any of the pre-
vious embodiments, the method further comprises de-
termining a first temperature at an inlet of the engine,
wherein adjusting the fuel flow rate comprises adjusting
the fuel flow rate based at least in part on the first tem-
perature and a reference temperature.
[0006] In an embodiment according to any of the pre-
vious embodiments, determining the first temperature
comprises estimating the first temperature based on at
least one second temperature measured at another lo-
cation of the engine.
[0007] In an embodiment according to any of the pre-
vious embodiments, the method further comprises de-
termining the first pressure.
[0008] In an embodiment according to any of the pre-
vious embodiments, determining the first pressure com-

prises estimating the first pressure based on at least one
second pressure measured at another location of the en-
gine.
[0009] In an embodiment according to any of the pre-
vious embodiments, the engine is an engine of an aircraft,
further comprising determining a Mach number for the
aircraft, wherein adjusting the fuel flow rate comprises
adjusting the fuel flow rate based at least in part on the
Mach number.
[0010] In an embodiment according to any of the pre-
vious embodiments, the engine is an engine of an aircraft,
further comprising determining an altitude of the aircraft,
wherein adjusting the fuel flow rate comprises adjusting
the fuel flow rate based at least in part on the altitude of
the aircraft.
[0011] In an embodiment according to any of the pre-
vious embodiments, the variable geometry mechanism
is associated with a high-speed spool of the engine,
wherein outputting the position control signal to the con-
troller of the engine comprises outputting the position
control signal to an input associated with the high-speed
spool of the engine.
[0012] In an embodiment according to any of the pre-
vious embodiments, determining the fuel flow rate for the
engine comprises sensing the fuel flow rate with a flow
meter.
[0013] In an embodiment according to any of the pre-
vious embodiments, determining the fuel flow rate for the
engine comprises sensing a fuel pressure within the en-
gine.
[0014] In accordance with another broad aspect, there
is provided an engine control system for an engine having
a variable geometry mechanism, comprising: a process-
ing unit; and a non-transitory computer-readable memory
communicatively coupled to the processing unit and com-
prising computer-readable program instructions execut-
able by the processing unit for: determining a pressure
ratio between a first pressure at an inlet of the engine
and a predetermined reference pressure; determining a
fuel flow rate for the engine; adjusting the fuel flow rate
based at least in part on the pressure ratio to obtain a
corrected fuel flow rate; generating a position control sig-
nal for the variable geometry mechanism of the engine
based on the corrected fuel flow rate; and outputting the
position control signal to a controller of the engine to con-
trol the variable geometry mechanism.
[0015] In an embodiment according to any of the pre-
vious embodiments, the instructions are further execut-
able for determining a first temperature at an inlet of the
engine, wherein adjusting the fuel flow rate comprises
adjusting the fuel flow rate based at least in part on the
first temperature and a reference temperature.
[0016] In an embodiment according to any of the pre-
vious embodiments, determining the first temperature
comprises estimating the first temperature based on at
least one second temperature measured at another lo-
cation of the engine.
[0017] In an embodiment according to any of the pre-
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vious embodiments, the instructions are further execut-
able for determining the first pressure.
[0018] In an embodiment according to any of the pre-
vious embodiments, determining the first pressure com-
prises estimating the first pressure based on at least one
second pressure measured at another location of the en-
gine.
[0019] In an embodiment according to any of the pre-
vious embodiments, the engine is an engine of an aircraft,
wherein the instructions are further executable for deter-
mining a Mach number for the aircraft, wherein adjusting
the fuel flow rate comprises adjusting the fuel flow rate
based at least in part on the Mach number.
[0020] In an embodiment according to any of the pre-
vious embodiments, the engine is an engine of an aircraft,
wherein the instructions are further executable for deter-
mining an altitude of the aircraft, wherein adjusting the
fuel flow rate comprises adjusting the fuel flow rate based
at least in part on the altitude of the aircraft.
[0021] In an embodiment according to any of the pre-
vious embodiments, the variable geometry mechanism
is associated with a high-speed spool of the engine,
wherein outputting the position control signal to the con-
troller of the engine comprises outputting the position
control signal to an input associated with the high-speed
spool of the engine.
[0022] In an embodiment according to any of the pre-
vious embodiments, determining the fuel flow rate for the
engine comprises sensing the fuel flow rate with a flow
meter.
[0023] In an embodiment according to any of the pre-
vious embodiments, determining the fuel flow rate for the
engine comprises sensing a fuel pressure within the en-
gine.
[0024] Any of the above features may be used alone,
together in any suitable combination, and/or in a variety
of arrangements, as appropriate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Reference is now made to the accompanying
figures in which:

Figure 1 is a schematic cross-sectional view of a gas
turbine engine;

Figure 2 is a flowchart illustrating an example method
for controlling the engine of Figure 1, in accordance
with an embodiment;

Figure 3 is a block diagram of an example computer
system for implementing the method of Figure 2; and

Figure 4 is a block diagram of an example engine
system.

[0026] It will be noted that throughout the appended
drawings, like features are identified by like reference

numerals.

DETAILED DESCRIPTION

[0027] Figure 1 illustrates a gas turbine engine 10 of a
type preferably provided for use in subsonic flight, gen-
erally comprising in serial flow communication an air inlet
11, a compressor section 12 for pressurizing the air from
the air inlet 11, a combustor 13 in which the compressed
air is mixed with fuel and ignited for generating an annular
stream of hot combustion gases, a turbine section 14 for
extracting energy from the combustion gases, an exhaust
outlet 15 through which the combustion gases exit the
gas turbine engine 10. The engine 10 includes a propeller
16 which provides thrust for flight and taxiing. The gas
turbine engine 10 has a longitudinal center axis 17.
[0028] The gas turbine engine 10 (sometimes referred
to herein simply as "engine 10") has a central core 18
defining a gas path through which gases flow as depicted
by flow arrows in Fig. 1. The exemplified engine 10 is a
"reverse-flow" engine 10 because gases flow through the
core 18 from the air inlet 11 at a rear portion thereof, to
the exhaust outlet 15 at a front portion thereof. This is in
contrast to "through-flow" gas turbine engines in which
gases flow through the core of the engine from a front
portion to a rear portion. The direction of the flow of gases
through the core 18 of the engine 10 disclosed herein
can be better appreciated by considering that the gases
flow through the core 18 in the same direction D as the
one along which the engine 10 travels during flight. Stated
differently, gases flow through the engine 10 from a rear
end thereof towards the propeller 16.
[0029] Although illustrated as a turboprop engine, the
gas turbine engine 10 may alternatively be another type
of engine, for example a turbofan engine, also generally
comprising in serial flow communication a compressor
section, a combustor, and a turbine section, and a fan
through which ambient air is propelled. A turboshaft en-
gine may also apply. Similarly, although illustrated as a
reverse-flow engine, the techniques described herein
can also be applied to through-flow engines. In addition,
although the engine 10 is described herein for flight ap-
plications, it should be understood that other uses, such
as industrial or the like, may apply.
[0030] Still referring to Figure 1, the engine 10 has mul-
tiple spools which perform compression to pressurize the
air received through the air inlet 11, and which extract
energy from the combustion gases before they exit the
core 18 via the exhaust outlet 15. According to the illus-
trated example, the engine 10 is provided in the form of
a multi-spool engine having a low pressure (LP) spool
20 and a high pressure (HP) spool 40 independently ro-
tatable about axis 17. However, it is understood that a
multi-spool engine could have more than two spools. It
should also be noted that the embodiments described
herein also consider the use of single-spool engines.
[0031] The LP spool 20 includes at least one compo-
nent to compress the air that is part of the compressor
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section 12, and at least one component to extract energy
from the combustion gases that is part of the turbine sec-
tion 14. More particularly, the LP spool 20 has a low pres-
sure turbine 21 which extracts energy from the combus-
tion gases, and which is drivingly engaged to an LP com-
pressor 22 for pressurizing the air. The LP turbine 21
(also referred to as the power turbine) drives the LP com-
pressor 22, thereby causing the LP compressor 22 to
pressurize the air. Both the LP turbine 21 and the LP
compressor 22 are disposed along the axis 17. In the
depicted embodiment, both the LP turbine 21 and the LP
compressor 22 are axial rotatable components having
an axis of rotation that is coaxial with the center axis 17.
They can include one or more stages, depending upon
the desired engine thermodynamic cycle, for example.
[0032] In the depicted embodiment, the LP spool 20
has a power shaft 23 which mechanically couples the LP
turbine 21 and the LP compressor 22, and extends axially
between them. The shaft 23 is coaxial with the central
axis 17 of the engine 10. The shaft 23 allows the LP
turbine 21 to drive the LP compressor 22 during operation
of the engine 10. The shaft 23 is not limited to the con-
figuration depicted in Fig. 1, and can also mechanically
couple the LP turbine 21 and the LP compressor 22 in
any other suitable way provided that it transmits a rota-
tional drive from the LP turbine 21 to the LP compressor
22. For example, the shaft 23 can be combined with a
geared LP compressor 22 to allow the LP compressor
22 to run at a different rotational speed from the LP turbine
21. This can provide more flexibility in the selection of
design points for the LP compressor.
[0033] Still referring to Figure 1, the engine 10 includes
an output drive shaft 24. The drive shaft 24 extends for-
wardly from the LP turbine 21 and is drivingly engaged
thereto. In the illustrated example, the drive shaft 24 is
distinct from the power shaft 23 and mechanically cou-
pled thereto to be driven by the LP turbine 21. In the
depicted embodiment, the drive shaft 24 and the power
shaft 23 are coaxial and interconnected. Figure 1 shows
that the power and drive shafts 23, 24 are interconnected
with a spline 25. The spline 25, which can include ridges
or teeth on the drive shaft 24 that mesh with grooves in
the power shaft 23 (or vice versa), allows for the transfer
of torque between the drive shaft 24 and the power shaft
23. In the depicted embodiment, the power shaft 23 lies
at least partially within the drive shaft 24, such that the
spline 25 transfers the rotational drive or torque gener-
ated by the LP turbine 21 from the drive shaft 24 to the
power shaft 23. The spline 25 can operate so that the
power shaft 23 and the drive shaft 24 rotate at the same
rotational speed. Other mechanical techniques can also
be used to interconnect the power and drive shafts 23,
24. For example, the power and drive shafts 23, 24 can
be interconnected by curvic coupling, pins, and interfer-
ence fits. Other configurations of the drive shaft 24 and
the power shaft 23 are also possible. For example, the
drive shaft 24 and the power shaft 23 can be a single
shaft driven by the LP turbine 21. The drive shaft 24 there-

fore transfers the rotational output of the LP turbine 21
in a forward direction to drive another component.
[0034] A rotatable load, which in the embodiment
shown includes the propeller 16, is mountable to the en-
gine 10, and when mounted, is drivingly engaged to the
LP turbine 21, and is located forward of the LP turbine
21. In such a configuration, during operation of the engine
10, the LP turbine 21 drives the rotatable load such that
a rotational drive produced by the LP turbine 21 is trans-
ferred to the rotatable load. The rotatable load can there-
fore be any suitable component, or any combination of
suitable components, that is capable of receiving the ro-
tational drive from the LP turbine 21, as now described.
[0035] In the embodiment shown, a reduction gearbox
31 (sometimes referred to herein simply as "RGB 31") is
mechanically coupled to a front end of the drive shaft 24,
which extends between the RGB 31 and the LP turbine
21. The RGB 31 processes and outputs the rotational
drive transferred thereto from the LP turbine 21 via the
drive shaft 24 through known gear reduction techniques.
The RGB 31 allows for the propeller 16 to be driven at
its optimal rotational speed, which is different from the
rotational speed of the LP turbine 21.
[0036] Still referring to Figure 1, the HP spool 40 with
at least one component to compress the air that is part
of the compressor section 12, and at least one compo-
nent to extract energy from the combustion gases that is
part of the turbine section 14. The HP spool 40 is also
disposed along the axis 17 and includes an HP turbine
41 drivingly engaged (e.g. directly connected) to a high
pressure compressor 42 by an HP shaft 43 rotating in-
dependently of the power shaft 23. Similarly to the LP
turbine 21 and the LP compressor 22, the HP turbine 41
and the HP compressor 42 can include various stages
of axial rotary components. In the depicted embodiment,
the HP compressor 42 includes a centrifugal compressor
42A or impeller and an axial compressor 42B, both of
which are driven by the HP turbine 41. During operation
of the engine 10, the HP turbine 41 drives the HP com-
pressor 42.
[0037] It can thus be appreciated that the presence of
the above-described LP and HP spools 20, 40 provides
the engine 10 with a "split compressor" arrangement.
More particularly, some of the work required to compress
the incoming air is transferred from the HP compressor
42 to the LP compressor 22. In other words, some of the
compression work is transferred from the HP turbine 41
to the more efficient LP turbine 21. This transfer of work
may contribute to higher pressure ratios while maintain-
ing a relatively small number of rotors. In a particular
embodiment, higher pressure ratios allow for higher pow-
er density, better engine specific fuel consumption (SFC),
and a lower turbine inlet temperature (sometimes re-
ferred to as "T4") for a given power. These factors can
contribute to a lower overall weight for the engine 10.
The transfer of compression work from the HP compres-
sor 42 to the LP compressor 22 contrasts with some con-
ventional reverse-flow engines, in which the high pres-
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sure compressor (and thus the high pressure turbine)
perform all of the compression work.
[0038] In light of the preceding, it can be appreciated
that the LP turbine 21 is the "low-speed" and "low pres-
sure" turbine when compared to the HP turbine 41. The
LP turbine 21 is sometimes referred to as a "power tur-
bine". The turbine rotors of the HP turbine 41 spin at a
higher rotational speed than the turbine rotors of the LP
turbine 21 given the closer proximity of the HP turbine
41 to the outlet of the combustor 13. Consequently, the
compressor rotors of the HP compressor 42 may rotate
at a higher rotational speed than the compressor rotors
of the LP compressor 22. The engine 10 shown in Fig. 1
is thus a "two-spool" engine 10.
[0039] The HP turbine 41 and the HP compressor 42
can have any suitable mechanical arrangement to
achieve the above-described split compressor function-
ality. For example, and as shown in Fig. 1, the HP spool
40 includes a high pressure shaft 43 extending between
the HP compressor 42 and the HP turbine section 41.
The high pressure shaft 43 is coaxial with the power shaft
23 and rotatable relative thereto. The relative rotation
between the high pressure shaft 43 and the power shaft
23 allow the shafts 23, 43 to rotate at different rotational
speeds, thereby allowing the HP compressor 42 and the
LP compressor 22 to rotate at different rotational speeds.
The HP shaft 43 can be mechanically supported by the
power shaft 23 using bearings or the like. In the depicted
embodiment, the power shaft 23 is at least partially dis-
posed within the HP shaft 43.
[0040] The split compressor arrangement also allows
bleed air to be drawn from between the HP compressor
42 and the LP compressor 22. More particularly, in the
embodiment of Fig. 1, the engine 10 includes an inter-
stage bleed 44 port or valve that is aft of the HP com-
pressor 42 and forward of the LP compressor 22, which
may provide for increased flexibility in the available bleed
pressures. In a particular embodiment, the bleed pres-
sure design point of the inter-stage bleed 44 is selected
based on the pressure ratio of the LP compressor 22,
which runs independently from the HP compressor 42.
For operability, variable inlet guide vanes (VIGV) 51 and
variable guide vanes (VGV) 52 can be used on the LP
compressor 22 and at the entry of the HP compressor
42, together with the inter-stage bleed 44.
[0041] It should be noted that the engine of Figure 1
represents only one example engine, and that the em-
bodiments described herein can be applied to any other
suitable manner of engine.
[0042] In some embodiments, the engine 10 includes
one or more variable geometry mechanisms (VGMs)
which may assist in achieving optimized engine transient
response. In some embodiments, the VGMs consists of
one or more VGVs, for instance the VIGV 51 and the
VGV 52, which may be one of inlet compressor guide
vanes for directing air into the compressor section 12,
outlet guide vanes for directing air out of the compressor
section 12, variable stator vanes for directing incoming

air into rotor blades of the engine 10, and/or one or more
variable nozzles, variable bleed-off valves, for instance
the inter-stage bleed 44, and the like. It should be under-
stood that one or more of the above-mentioned VGMs
may be adjusted for the purpose of decreasing the re-
sponse time of the engine 10 during rapid engine transi-
tions, e.g. from low to high power levels, or vice-versa.
Indeed, adjustment of the position (e.g. the angle) of the
VGMs can impact the inlet mass flow to the engine 10,
and in turn allow the engine 10 to operate at a required
power.
[0043] In some embodiments, as illustrated in Figure
1, the engine 10 has a dual compression system with a
low-spool compression system (LPC), including the LP
spool 20, and a high-spool compression system (HPC),
including the HP spool 40, which are separate from one-
another. The VGMs include the VIGV 51 at the air inlet
11 near the LPC and the VGVs 52 upstream of the HPC.
It should be noted that other VGMs may also be included
for both the LPC and the HPC. In other embodiments,
the engine 10 includes only one compression system,
and includes fewer or more VGMs.
[0044] With reference to Figure 2A, there is illustrated
a flowchart of an example method 200 for controlling the
operation of the VGMs of the engine 10, for example the
VGMs 51 and 52. In some embodiments, the engine 10
is part of an aircraft. In some embodiments, the method
200 is used to control the embodiments of the engine 10
having a dual compression system. In other embodi-
ments, the method 200 is used to control embodiments
of the engine 10 having only a single compression sys-
tem.
[0045] At step 202, optionally a first pressure is deter-
mined. In some embodiments, the first pressure is the
pressure measured at an inlet to the engine 10, which in
some embodiments is the air inlet 11 to the LP spool 20
of the engine 10. The first pressure may be measured
using any suitable sensor or other measuring device, or
may be estimated based on other parameters of the en-
gine 10. In some embodiments, the first pressure at the
air inlet 11 is estimated based on another pressure read-
ing or measurement obtained proximate the air inlet 11,
or at some other location within the engine 10. For ex-
ample, the first pressure can be estimated based on a
pressure measured by a separate avionics system. In
some embodiments, the control of the engine 10 is per-
formed with the first pressure already being known, and
so step 202 may be skipped. In other embodiments, the
first pressure can be measured at another point of the
engine 10.
[0046] At step 204, a pressure ratio between the first
pressure and a predetermined reference pressure is de-
termined. The predetermined reference pressure may be
any suitable reference pressure value, for example one
standard atmosphere (1 atm, also expressed as 14.696
psia, 101.325 kPa, etc.). The pressure ratio may be de-
termined in any suitable format, including as a percent-
change vis-à-vis the predetermined reference pressure,
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an absolute pressure radio, a relative pressure ratio ex-
pressed as a fraction of the predetermined reference
pressure, and the like. The pressure ratio may be deter-
mined by dividing the first pressure by the predetermined
reference pressure, or the converse, or by performing
any other suitable calculation. For example, the pressure
ratio is determined using the following equation: 

where δ is the pressure ratio, P1 is the first pressure, and
Pref is the predetermined reference pressure.
[0047] Optionally, at step 206, one or more additional
parameters associated with the engine 10 are deter-
mined. In some embodiments, a first temperature is de-
termined. The first temperature can be the temperature
measured at the air inlet 11 to the engine 10, the tem-
perature measured at an inlet of a compression stage
(LP spool 20 or HP spool 40), or the temperature meas-
ured at an outlet of the compression stage (LPC or HP
spool 40). The first temperature may be measured using
any suitable sensor or other measuring device, or may
be estimated based on other parameters of the engine
10. In other embodiments, a Mach number for the aircraft
of which the engine 10 is a part is determined. The Mach
number for the aircraft may be determined using any suit-
able techniques, and in some embodiments an airspeed
can be used instead of the Mach number. Still other pa-
rameters associated with the engine 10 (e.g. bleed air
extraction, accessory gearbox (AGB) power extraction,
etc.) may be determined and used to control the position
of the VGMs.
[0048] At step 208, a fuel flow rate for the engine 10 is
determined. In some embodiments, the engine 10 is con-
figured for monitoring and reporting the fuel flow rate via
one or more sensors or other measuring device(s), for
example a flow meter sensor. In some other embodi-
ments, the fuel flow rate can be determined based on
other measurements taken for the engine 10, for instance
by measuring the fuel pressure in a fuel tank, in a fuel
pump, in a fuel manifold, at fuel nozzles, and the like. In
other embodiments, the fuel flow rate is determined by
one or more elements outside the engine 10, for example
via an engine controller or other software system. In some
other embodiments, the fuel flow rate for the engine 10
can be estimated using one or more models for the en-
gine 10. Still other approaches for determining the fuel
flow rate are considered.
[0049] At step 210, the fuel flow rate determined at step
208 is adjusted, at least in part based on the pressure
ratio, to obtain a corrected fuel flow rate. In some em-
bodiments, the fuel flow rate is also adjusted using the
first temperature, the Mach number, and any other suit-
able values. For example, the corrected fuel flow rate is
determined using the following equation: 

where WFCorr is corrected fuel flow rate, WF is the fuel
flow rate, T1 is the first temperature, Tref is a reference
temperature, and MCorr a correction factor based on the
Mach number. In another example, one or more terms
are eschewed from equation [2] above, for instance the

term δ, the term  and/or the term MCorr.
[0050] At step 212, a position control signal for one or
more of the VGMs of the engine 10 is generated based
on the corrected fuel flow rate. The position control signal
may be any suitable type of signal, encoded in any suit-
able format. In some embodiments, the position control
signal is generated using one of a plurality of schedules,
which may be selected based on an altitude at which the
engine 10 is operating and/or the pressure ratio de-
scribed hereinabove.
[0051] At step 214, the position control signal is output
to the engine 10 and/or to a controller thereof in order to
control the VGMs 51, 52. The position control signal may
be transmitted using any suitable communication medi-
um. In some embodiments, the position control signal is
output to the engine 10, or to the controller thereof, to
cause a change in the position of the VGMs. In other
embodiments, the position control signal is output to the
VGMs themselves.
[0052] For example, the position control signal can be
for altering the position of the VIGV 51, the VGV 52, or
any other suitable VGM. In some embodiments, the
method 200 is configured for controlling the operation of
VGMs in a single-spool engine. In other embodiments,
the method 200 is configured for controlling the operation
of VGMs in a dual-spool engine, for example the engine
10. In such embodiments, an engine controller can im-
plement the method 200 to effect control of VGMs asso-
ciated with the high-speed spool of the engine, for exam-
ple the VGV 52, which is associated with the HP spool 40.
[0053] By performing the method 200, control of the
operation of VGMs of an engine, for instance the VGV
52 of the engine 10, can be performed. The use of cor-
rected fuel flow rate as part of the control of the VGMs
means that even when the speed, power, or torque pro-
duced by the engine 10 are constant, changes in fuel
flow can still result in corresponding changes to the po-
sition and/or orientation of the VGMs. In addition, multiple
pressure inputs are not required, and the use of corrected
fuel flow rate can provide a more accurate proxy for the
total power produced by the engine, since power-based
algorithms may require additional sensors and measure-
ments, which may not be available.
[0054] With reference to Figure 3, the method 200 may
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be implemented by a computing device 310, comprising
a processing unit 312 and a memory 314 which has
stored therein computer-executable instructions 316.
The processing unit 312 may comprise any suitable de-
vices configured to implement the method 200 such that
instructions 316, when executed by the computing device
310 or other programmable apparatus, may cause the
functions/acts/steps performed as part of the method 200
as described herein to be executed. The processing unit
312 may comprise, for example, any type of general-
purpose microprocessor or microcontroller, a digital sig-
nal processing (DSP) processor, a central processing
unit (CPU), an integrated circuit, a field programmable
gate array (FPGA), a reconfigurable processor, other
suitably programmed or programmable logic circuits, or
any combination thereof.
[0055] The memory 314 may comprise any suitable
known or other machine-readable storage medium. The
memory 314 may comprise non-transitory computer
readable storage medium, for example, but not limited
to, an electronic, magnetic, optical, electromagnetic, in-
frared, or semiconductor system, apparatus, or device,
or any suitable combination of the foregoing. The mem-
ory 314 may include a suitable combination of any type
of computer memory that is located either internally or
externally to device, for example random-access mem-
ory (RAM), read-only memory (ROM), compact disc
read-only memory (CDROM), electro-optical memory,
magnetooptical memory, erasable programmable read-
only memory (EPROM), and electrically-erasable pro-
grammable read-only memory (EEPROM), Ferroelectric
RAM (FRAM) or the like. Memory 314 may comprise any
storage means (e.g., devices) suitable for retrievably
storing machine-readable instructions 316 executable by
processing unit 312.
[0056] With reference to Figure 4, in some embodi-
ments the engine 10 is part of an engine system 400 of
an aircraft. The engine system 400 additionally includes
sensors 410 and a VGM control module 420. The engine
10 is communicatively coupled to the VGM control mod-
ule 420, and the VGM control module 420 is coupled to
the sensors 410.
[0057] As described hereinabove, in some embodi-
ments the engine 10 includes the HP spool 40 and the
LP spool 20 (not illustrated). Each of the LP spool 20 and
the HP spool 40 has one or more VGMs, for example the
VGVs 52 for the HP spool 40 and the VIGVs 51 for the
LP spool 20. It should be noted that the engine 10 can
include any suitable number of VGMs, including any suit-
able number of VGVs, variable stator vanes, variable
nozzles, variable bleed-off valves, and the like.
[0058] The sensors 410 are configured for measuring
or otherwise determining values for various characteris-
tics of the engine 10. In some embodiments, the sensors
410 include one or more fuel flow rate sensors, one or
more pressure sensors, one or more temperature sen-
sors, one or more speed sensors, one or more torque
sensors, one or more power sensors, and the like. In

some embodiments, the sensors 410 include one or more
soft sensors which are configured for estimating or syn-
thesizing one or more values for various characteristics
of the engine 10 based on other measurements. The sen-
sors 410 are configured for providing any number of val-
ues for the characteristics of the engine 10 to the VGM
control module 420.
[0059] The VGM control module 420 is configured for
implementing at least part of the method 200. The VGM
control module 420 is configured for optionally determin-
ing a first pressure, indicative of a pressure at an inlet of
the engine 10, for instance the air inlet 11, which can be
received, for example, from the sensors 410 or from the
engine 10, in accordance with step 202. The VGM control
module 420 is also configured for determining a pressure
ratio between the first pressure and a predetermined ref-
erence pressure, in accordance with step 204. In some
embodiments, the VGM control module 420 is configured
for obtaining the predetermined reference pressure from
a remote source, such as a database or other memory.
In other embodiments, the predetermined reference
pressure is substantially constant, and the VGM control
module 420 may have hardcoded therein the predeter-
mined reference pressure. The VGM control module 420
is configured for optionally receiving a first temperature,
indicative of a temperature at an inlet of the engine 10,
for instance the air inlet 11, a Mach number for an aircraft
of which the engine 10 forms a part, or any other suitable
characteristic of the engine 10, for example from the sen-
sors 410 or from the engine 10, in accordance with step
206.
[0060] The VGM control module 420 is also configured
for determining a fuel flow rate for the engine 10, in ac-
cordance with step 208. In some embodiments, the VGM
control module 420 receives the fuel flow rate from the
engine 10 itself. In other embodiments, the VGM control
module 420 receives the fuel flow rate from the sensors
410. The VGM control module 420 is further configured
for adjusting the fuel flow rate based at least in part on
the pressure ratio to obtain corrected fuel flow rate, as
per step 210. In some embodiments, the VGM control
module 420 also adjusts the fuel flow rate on the basis
of the first temperature and a reference temperature
and/or the Mach number.
[0061] The VGM control module 420 is additionally
configured for generating a position control signal for one
or more of the VIGV 51 and the VGV 52 of the engine 10
based on the fuel flow rate, in accordance with step 212.
The position control signal can be any suitable signal,
generated in any format. The VGM control module 420
is configured for outputting the position control signal to
the engine 10, in accordance with step 214. In some em-
bodiments in which the engine has a single spool com-
pressor system, the VGM control module 420 outputs
the position control signal to the VGM associated with
the single spool compressor system. In embodiments in
which the engine 10 has both the LP spool 20 and the
HP spool 40, the position control is a first position control
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signal which is output to the VGV 52 of the HP spool 40,
or to any suitable controller for the VGV 52. Other control
techniques may be employed for controlling the VIGV 51
of the LP spool 20.
[0062] The engine 10 is configured for receiving the
first position control signal and for effecting a change in
the geometry of the VGV 52 based on the first position
control signals. In some embodiments, the HP spool 40
and/or the VGV 52 are configured for receiving the first
position signal and for effecting the change in the geom-
etry of the VGV 52, and a separate signal can be used
for controlling the VIGV 51.
[0063] It should be noted that the VGM control module
420, and any other suitable elements of the engine sys-
tem 400, may be implemented as part of a full-authority
digital engine controls (FADEC) or other similar device,
including electronic engine control (EEC), engine control
unit (EUC), various actuators, and the like.
[0064] The methods and systems for controlling an en-
gine having a variable geometry mechanism described
herein may be implemented in a high level procedural or
object oriented programming or scripting language, or a
combination thereof, to communicate with or assist in the
operation of a computer system, for example the com-
puting device 310. Alternatively, the methods and sys-
tems described herein may be implemented in assembly
or machine language. The language may be a compiled
or interpreted language. Program code for implementing
the methods and systems described herein may be
stored on a storage media or a device, for example a
ROM, a magnetic disk, an optical disc, a flash drive, or
any other suitable storage media or device. The program
code may be readable by a general or special-purpose
programmable computer for configuring and operating
the computer when the storage media or device is read
by the computer to perform the procedures described
herein. Embodiments of the methods and systems de-
scribed herein may also be considered to be implement-
ed by way of a non-transitory computer-readable storage
medium having a computer program stored thereon. The
computer program may comprise computer-readable in-
structions which cause a computer, or more specifically
the processing unit 312 of the computing device 310, to
operate in a specific and predefined manner to perform
the functions described herein, for example those de-
scribed in the method 200.
[0065] Computer-executable instructions may be in
many forms, including program modules, executed by
one or more computers or other devices. Generally, pro-
gram modules include routines, programs, objects, com-
ponents, data structures, etc., that perform particular
tasks or implement particular abstract data types. Typi-
cally the functionality of the program modules may be
combined or distributed as desired in various embodi-
ments.
[0066] The above description is meant to be exemplary
only, and one skilled in the art will recognize that changes
may be made to the embodiments described without de-

parting from the scope of the invention disclosed. Still
other modifications which fall within the scope of the
present invention will be apparent to those skilled in the
art, in light of a review of this disclosure.
[0067] Various aspects of the methods and systems
described herein may be used alone, in combination, or
in a variety of arrangements not specifically discussed in
the embodiments described in the foregoing and is there-
fore not limited in its application to the details and ar-
rangement of components set forth in the foregoing de-
scription or illustrated in the drawings. For example, as-
pects described in one embodiment may be combined
in any manner with aspects described in other embodi-
ments. Although particular embodiments have been
shown and described, it will be apparent to those skilled
in the art that changes and modifications may be made
without departing from this invention in its broader as-
pects. The scope of the following claims should not be
limited by the embodiments set forth in the examples,
but should be given the broadest reasonable interpreta-
tion consistent with the description as a whole.

Claims

1. A method for controlling an engine (10) having a var-
iable geometry mechanism (51, 52), comprising:

determining a pressure ratio between a first
pressure at an inlet (11) of the engine (10) and
a predetermined reference pressure;
determining a fuel flow rate to the engine (10);
adjusting the fuel flow rate based at least in part
on the pressure ratio to obtain a corrected fuel
flow rate;
generating a position control signal for the var-
iable geometry mechanism (51, 52) of the en-
gine (10) based on the corrected fuel flow rate;
and
outputting the position control signal to a con-
troller (420) of the engine (10) to control the var-
iable geometry mechanism (51, 52).

2. The method of claim 1, further comprising determin-
ing a first temperature at the inlet (11) of the engine
(10), wherein adjusting the fuel flow rate comprises
adjusting the fuel flow rate based at least in part on
the first temperature and a reference temperature,
wherein determining the first temperature optionally
comprises estimating the first temperature based on
at least one second temperature measured at an-
other location of the engine (10).

3. The method of claim 1 or 2, further comprising de-
termining the first pressure, preferably wherein de-
termining the first pressure optionally comprises es-
timating the first pressure based on at least one sec-
ond pressure measured at another location of the
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engine (10).

4. The method of any of claims 1 to 3, wherein the en-
gine (10) is an engine (10) of an aircraft, further com-
prising determining a Mach number for the aircraft,
wherein adjusting the fuel flow rate comprises ad-
justing the fuel flow rate based at least in part on the
Mach number.

5. The method of any preceding claim, wherein the en-
gine (10) is an engine (10) of an aircraft, further com-
prising determining an altitude of the aircraft, wherein
adjusting the fuel flow rate comprises adjusting the
fuel flow rate based at least in part on the altitude of
the aircraft.

6. The method of any preceding claim, wherein the var-
iable geometry mechanism (51, 52) is associated
with a high-speed spool (40) of the engine (10), and
outputting the position control signal to the controller
(420) of the engine (10) comprises outputting the
position control signal to an input associated with the
high-speed spool (40) of the engine (10).

7. The method of any preceding claim, wherein deter-
mining the fuel flow rate for the engine (10) compris-
es sensing the fuel flow rate with a flow meter.

8. The method of any preceding claim, wherein deter-
mining the fuel flow rate for the engine (10) compris-
es sensing a fuel pressure within the engine.

9. An engine control system (310) for an engine (10)
having a variable geometry mechanism (51, 52),
comprising:

a processing unit (312); and
a non-transitory computer-readable memory
(314) communicatively coupled to the process-
ing unit (312) and comprising computer-reada-
ble program instructions (316) executable by the
processing unit (312) for:

determining a pressure ratio between a first
pressure at an inlet (11) of the engine (10)
and a predetermined reference pressure;
determining a fuel flow rate for the engine
(10);
adjusting the fuel flow rate based at least in
part on the pressure ratio to obtain a cor-
rected fuel flow rate;
generating a position control signal for the
variable geometry mechanism (51, 52) of
the engine (10) based on the corrected fuel
flow rate; and
outputting the position control signal to a
controller (420) of the engine (10) to control
the variable geometry mechanism (51, 52).

10. The system (310) of claim 9, the instructions being
further executable for determining a first temperature
at the inlet (11) of the engine (10), wherein adjusting
the fuel flow rate comprises adjusting the fuel flow
rate based at least in part on the first temperature
and a reference temperature, wherein determining
the first temperature optionally comprises estimating
the first temperature based on at least one second
temperature measured at another location of the en-
gine (10).

11. The system (310) of claim 9 or 10, the instructions
being further executable for determining the first
pressure, wherein determining the first pressure op-
tionally comprises estimating the first pressure
based on at least one second pressure measured at
another location of the engine (10).

12. The system (310) of any of claims 9 to 11, wherein
the engine (10) is an engine (10) of an aircraft, where-
in the instructions are further executable for deter-
mining a Mach number for the aircraft, wherein ad-
justing the fuel flow rate comprises adjusting the fuel
flow rate based at least in part on the Mach number.

13. The system (310) of any of claims 9 to 12, wherein
the engine (10) is an engine (10) of an aircraft, where-
in the instructions are further executable for deter-
mining an altitude of the aircraft, wherein adjusting
the fuel flow rate comprises adjusting the fuel flow
rate based at least in part on the altitude of the air-
craft.

14. The system (310) of any of claims 9 to 13, wherein
the variable geometry mechanism (51, 52) is asso-
ciated with a high-speed spool (40) of the engine
(10), wherein outputting the position control signal
to the controller (420) of the engine (10) comprises
outputting the position control signal to an input as-
sociated with the high-speed spool (40) of the engine
(10).

15. The system (310) of any of claims 9 to 14, wherein
determining the fuel flow rate for the engine (10) com-
prises sensing the fuel flow rate with a flow meter
and/or a fuel pressure within the engine (10).
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