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(57) ABSTRACT

A method of operating an aircraft hybrid gas turbofan during
an idle mode of operation includes reducing a fuel flow to a
primary gas turbine engine and boosting a high spool of the
primary gas turbine engine using a secondary gas turbine
engine via a first power linkage connecting the primary and
secondary gas turbine engines, such that a net fuel reduction
is achieved. The net fuel reduction accounts for fuel flow to
the primary gas turbine engine and fuel flow to the second-
ary gas turbine engine.
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HYBRID GAS TURBOFAN POWERED
SUB-IDLE DESCENT MODE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/719,375 filed Aug. 17, 2018 for
“Hybrid Gas Turbofan Powered Sub-Idle Descent mode” by
N. Terwilliger, D. Kupratis, and M. Romero, which is herein
incorporated by reference. U.S. Provisional Application
Nos. 62/686,853 and 62/680,843, filed Jun. 19, 2018 and
Jun. 5, 2018, respectively, are also incorporated by refer-
ence.

BACKGROUND

[0002] The present disclosure relates generally to multiple
engine gas turbine systems, and more particularly to a
power-assist system in which power is transferred between
an auxiliary power unit (APU) and a high spool of a primary
engine.

[0003] Conventional aircraft turbine engines remain on
during descent and idle to provide pressurized cabin air and
avoid the need for in-flight restart. The idle mode requires
fuel burn sufficient to ensure a self-sustaining engine. A need
exists to reduce the amount of fuel needed during idle to
improve engine economics.

SUMMARY

[0004] A method of operating an aircraft hybrid gas tur-
bofan during an idle mode of operation includes reducing a
fuel flow to a primary gas turbine engine and boosting a high
spool of the primary gas turbine engine using a secondary
gas turbine engine via a first power linkage connecting the
primary and secondary gas turbine engines, such that a net
fuel reduction is achieved. The net fuel reduction accounts
for fuel flow to the primary gas turbine engine and fuel flow
to the secondary gas turbine engine.

[0005] In another aspect, a method of operating an aircraft
hybrid gas turbofan includes providing supplemental power
to either a primary gas turbine engine or a secondary gas
turbine engine—the primary gas turbine engine being a
propulsion engine and the secondary gas turbine engine
being an auxiliary power unit (APU). Supplemental power
is provided to the primary gas turbine engine by the APU,
and supplemental power is provided to the APU by the
primary gas turbine engine. The method further includes
reducing a fuel flow to the primary gas turbine engine when
supplemental power is provided to the primary gas turbine
engine by the APU such that a net fuel reduction is achieved.
The net fuel reduction accounts for fuel flow to the primary
gas turbine engine and fuel flow to the APU.

[0006] In yet another aspect, an aircraft hybrid gas turbo-
fan includes a primary gas turbine engine, which is a
propulsion engine having a high spool; a secondary gas
turbine engine, which is an auxiliary power unit (APU); and
a power linkage between the high spool of the primary gas
turbine engine and the APU.

[0007] In yet another aspect, a method of operating an
aircraft hybrid gas turbofan includes providing supplemental
power to a primary gas turbine engine from a secondary gas
turbine engine—the primary gas turbine engine being a
propulsion engine and the secondary gas turbine engine
being an auxiliary power unit (APU)—and reducing a
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response time of the primary gas turbine engine for spooling
up when additional thrust output is needed.

[0008] The present summary is provided only by way of
example, and not limitation. Other aspects of the present
disclosure will be appreciated in view of the entirety of the
present disclosure, including the entire text, claims, and
accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a schematic diagram of one embodiment
of a gas turbine engine power assist system in which a
secondary gas turbine engine boosts power to a primary gas
turbine engine of an aircraft through a power linkage includ-
ing a generator and motor.

[0010] FIG. 2 is a schematic diagram of another embodi-
ment of a gas turbine engine power assist system in which
the secondary gas turbine engine boosts power to the pri-
mary gas turbine engine through a power linkage, which
provides compressed air from the secondary gas turbine
engine to a high pressure turbine of the primary gas turbine
engine.

[0011] FIG. 3 is yet another embodiment of a gas turbine
engine power assist system in which the secondary gas
turbine engine boosts power to the primary gas turbine
engine through the power linkages of FIGS. 1 and 2.
[0012] FIG. 4 is a graphical representation of fuel flow
reduction to the primary gas turbine engine with power
boost to the primary gas turbine engine provided by the
secondary gas turbine engine.

[0013] FIG. 5 is a graphical representation of improved
fuel flow reduction over FIG. 4 obtainable when environ-
mental control system requirements of the primary gas
turbine engine are removed.

[0014] FIG. 6 is a graphical representation of net fuel
reduction with power supplementation to the primary gas
turbine engine, accounting for fuel needed to generate
supplemental power.

[0015] While the above-identified figures set forth one or
more embodiments of the present disclosure, other embodi-
ments are also contemplated, as noted in the discussion. In
all cases, this disclosure presents the invention by way of
representation and not limitation. It should be understood
that numerous other modifications and embodiments can be
devised by those skilled in the art, which fall within the
scope and spirit of the principles of the invention. The
figures may not be drawn to scale, and applications and
embodiments of the present invention may include features
and components not specifically shown in the drawings.

DETAILED DESCRIPTION

[0016] The present disclosure provides several modes of
providing power assist to a high spool of a primary gas
turbine engine to enable a reduced fuel flow during an idle
mode of operation, and particularly, during descent of an
aircraft. Primary gas turbine engines on an aircraft are kept
on during descent to maintain minimum air pressurization
needed for an aircraft environmental control system (ECS)
and to remain available for operation if needed. Significant
fuel flow inputs are necessary to keep an engine on during
descent. The engine can remain on with minimum pressur-
ization maintained at a reduced fuel flow if the power to the
engine is supplemented. The present disclosure is directed to
operation of an aircraft hybrid gas turbofan in which a
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secondary gas turbine engine, such as an auxiliary power
unit (APU), is used to provide supplemental power to the
primary gas turbine engine to provide a sub-idle descent
mode of operation. In one mode, the APU drives a generator,
which supplies electrical energy to a motor used to boost
power to the high spool of the primary engine. In another
mode, the APU provides compressed air into a turbine
section of the primary engine to provide high spool torque.
In yet another mode, the APU provides both electric power
to boost the high spool and compressed air to the turbine
section to increase high spool torque. While fuel input is
required to power the APU, each power assist mode can
result in a net fuel savings. Additionally, the same architec-
ture provided for supplementing power to the primary
engine via generator/motor can be used in reverse for
supplementing power to the APU. When the primary engine
is operating at high power, the power transfer can be
reversed, with the high spool (or low spool) on the primary
engine boosting a shaft of the APU via a generator and
motor. Such power transfer can improve APU efficiency,
such that the APU can remain on or spooled up during flight
and available for service on demand.

[0017] FIG. 1 is a schematic diagram of one embodiment
of a gas turbine engine power assist system 10, which
includes primary engine 12 and secondary engine 14. Pri-
mary and secondary engines 12 and 14 are gas turbine
engines. In some embodiments, primary engine 12 can be an
aircraft propulsion engine, and secondary engine 14 can be
an aircraft APU. Primary engine 12 and secondary engine 14
are interconnected by power linkage 16 through which
power can be transferred between primary engine 12 and
secondary engine 14.

[0018] Primary engine 12 can be a multi-spool engine,
having at least a low pressure spool and high pressure spool
as known in the art. For simplicity, only high pressure spool
18 is illustrated. High pressure spool 18 includes high
pressure compressor (HPC) 20 and high pressure turbine
(HPT) 22 mounted on shaft 24. Although not illustrated, it
will be understood by one of ordinary skill in the art that the
low pressure spool can carry a fan, low pressure compressor,
and low pressure turbine. Primary engine 12 is a Brayton
cycle engine wherein a mixture of fuel and compressed air
from HPC 20 is ignited in combustor 26 to drive rotation of
HPT 22 and thereby HPC 20 via shaft 24.

[0019] Like primary engine 12, secondary engine 14 can
be a gas turbine engine. As illustrated, secondary engine 14
includes compressor 28 and turbine 30 mounted on shaft 32.
A mixture of fuel and compressed air from compressor 28 is
ignited in combustor 34 to drive turbine 30 and thereby
compressor 28 via shaft 32. In some embodiments, second-
ary engine 14 can additionally include a power turbine (not
shown) mounted on a power shaft, which is rotationally
independent from shaft 32. Secondary engine 14 can provide
power for a range of peripheral aircraft functions indepen-
dent from propulsion or from the operation of primary
engine 12. For example, secondary engine 14 can be used for
power generation, for cabin air circulation, and/or to drive
mechanical actuation of aircraft components. Secondary
engine 14 can have a number of configurations or cycles
(e.g., wankel cycle) and is not limited to the gas turbine
engine depicted.

[0020] Primary engine 12 and secondary engine 14 are
connected by power linkage 16, which includes generator 36
and motor 38. When primary engine 12 is operating in an
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idle mode, fuel flow to primary engine 12 can be reduced
and power extracted from secondary engine 14 can be
provided to primary engine 12 via power linkage 16 to boost
high pressure spool 18. As used herein, an idle mode of
operation refers to a rotational speed of the high spool 18
that is greater than the minimum rotational speed required to
achieve starting of the engine and is less than the rotational
speed (N2) associated with the maximum idle thrust of
primary engine 12 set by the airframer. Idle is based on the
engine’s minimum limiting factor (e.g., minimum N1, N2,
fuel air ratio, ECS bleed, etc.). Power assist system 10 can
be used to supplement power to primary engine 12 during
descent of the aircraft as well as during ground idle and other
flight idle operations. As illustrated, rotational energy of
shaft 32 of secondary engine 14 is transferred to shaft 24 on
high pressure spool 18 of primary engine 12 via generator 36
and motor 38. In some embodiments, generator 36 and
motor 38 can be a combined motor-generator capable of
operating in a reverse direction (i.e., transferring power from
primary engine 12 to secondary engine 14). In other embodi-
ments, generator 36 and motor 38 can be separate compo-
nents coupled via an electrical connection (not shown).
Generator 36 is a rotary generator driven by shaft 32 to
produce electrical power, which is provided to motor 38.
Motor 38, in turn, uses the electrical power to drive shaft 24
of high pressure spool 18. In alternative embodiments, the
power shaft (not shown) of secondary engine 14 can be used
to boost high pressure spool 18 of primary engine 12 via
generator 36 and motor 38.

[0021] As illustrated, during operation of power assist
system 10, fuel flow into combustor 26 of primary engine 12
is reduced, as indicated by ~AW, ,,, which represents a
change in fuel flow from a conventional idle mode (i.e., idle
without power assist). Fuel flow input (+Wy ,, ) to
secondary engine 14 is required to operate secondary engine
14. Secondary engine 14 provides supplementary horse-
power (+HP,,)) to primary engine 12 via generator 36/motor
38. Supplemental power provided to primary engine 12 can
cause high pressure spool 18 to rotate at a higher speed than
a conventional idle speed. The increased speed of high
pressure spool 18 can improve operation safety (i.e.,
improve compressor 20 operating stability margin) of pri-
mary engine 12 and response time from idle, allowing for a
faster spool up time (time required to accelerate and increase
fuel flow rate) if additional thrust output by engine 12
becomes necessary. Although fuel flow in secondary engine
14 is increased, a net fuel reduction can be achieved, as is
discussed further with respect to FIGS. 4-6.

[0022] In some embodiments, the architecture of power
linkage 16 can be used in reverse for boosting power to
secondary engine 14. In some operations, it may be benefi-
cial to have a hybrid electric configuration in which an APU
(secondary engine 14) is available on an as-needed basis
throughout an entire flight. As such, it may be desired to run
APU 14 at idle during the entire flight or keep APU 14
spooled up, but off, to ensure APU 14 is ready when needed.
To reduce the amount of fuel needed to run APU 14 at idle
or to keep APU 14 spooled up, power can be transferred
from primary engine 12 to APU 14 when primary engine 12
is operating at high power. In this configuration, power assist
system 10 is operated in reverse with high pressure spool 18
on primary engine 12 driving a combined motor-generator.
Generator 36 provides electric power to motor 38, which in
turn drives shaft 32 of APU 14. Such power transfer can
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reduce the idle fuel burn of APU 14, such that APU 14 can
remain on during flight and ready to respond on demand
while reducing fuel usage, or keep APU 14 spooled up to
reduce reaction time at start-up. In alternative embodiments,
boosting power to secondary engine 14 can be supplied by
the low spool of primary engine 12 through separate power
linkage (not shown).

[0023] FIG. 2 is a schematic diagram of an alternative
embodiment of a gas turbine engine power assist system 40
in which secondary gas turbine engine 14 provides com-
pressed air to primary gas turbine engine 12. Power assist
system 40 is identical to power assist system 10 with the
exception of the power linkage. Power assist system 40
replaces electrical/mechanical linkage 16 with a mechanical
power linkage 42. Power linkage 42 includes bleed air
conduit 44, which connects compressor 28 of secondary
engine 14 to HPT 22 of primary engine 10. Compressed
bleed air from compressor 28 is provided directly into HPT
22 to provide torque to high pressure spool 18 and thereby
boost power to primary engine 12 to maintain pressurization
and operation at a reduced fuel flow (-AW, ). Although
fuel input (+Wy ,, 4pr) is required to operate secondary
engine 14, a net fuel savings can still be realized using power
assist system 40. In addition, the capability for bleeding off
compressor air from secondary engine 14 could facilitate
operation of secondary engine 14 in certain operating con-
ditions, as such architecture allows for rematching each
participating engine 12, 14 in the power assist system. Many
APU configurations operate a load compressor separate
from the cycle compressor 28 shown, which could alterna-
tively provide a source of bleed air. As previously discussed,
secondary engine 14 is not limited to the embodiment
shown. It will be understood by one of ordinary skill in the
art that the source of bleed air can vary depending on the
configuration of the APU.

[0024] FIG. 3 is an alternative embodiment of a gas
turbine engine power assist system 50 in which secondary
gas turbine engine 14 supplements power to primary gas
turbine engine 12 by providing compressed air to HPT 22
and by driving shaft 18 via generator 36 and motor 38.
Power assist system 50 is identical to power assist systems
10 and 40 with the exception of the power linkage. Power
assist system 50 includes power linkage 52, which is a
combination of power linkage 16 and power linkage 42.
Power linkage 52 can simultaneously deliver compressed air
to HPT 22 to provide high spool torque while also driving
shaft 18 via generator 36/motor 38. Additional benefit may
be realized by combining the supplemental power provided
by compressed air with rotational power provided by gen-
erator 36/motor 38 in some operations. Both power linkages
influence the operating line on HPC 20. While the addition
of compressed air into HPT 22 can have an adverse impact
on the operating line, the rotational energy provided by
motor 38 can have a positive impact on the operating line.
Therefore, a balance between the two may provide a more
efficient power boost to primary engine 12.

[0025] FIGS. 4-6 provide graphical representations of fuel
flow reduction using power assist systems 10, 40, and/or 50.
FIG. 4 illustrates the effect of supplementing power to
primary engine 12 using any of the power assist systems 10,
40, or 50. FIG. 4 shows ability to reduce fuel flow to primary
engine 12 as compared to fuel flow at conventional idle
(-AW. ,,) by increasing horsepower (+HP,,) provided by
secondary engine 14 via generator 36/motor 38 and/or
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increasing high spool torque provided by secondary engine
14 via compressed air from compressor 28 (shown as ratio
of bleed air from compressor 28 to airflow entering com-
pressor 20, W, ot sroed W compressor)- 1h€ conventional
gas turbine idle point is the nominal fuel flow a gas turbine
would operate at without boosting from secondary engine
14.

[0026] FIG. 4 is a graphical representation of fuel flow
reduction to the primary gas turbine engine with power
boost to the primary gas turbine engine provided by the
secondary gas turbine engine. FIG. 4 illustrates a conven-
tional gas turbine engine idle point, in which the core
supplies pressurized bleed air for the aircraft ECS (e.g.,
passenger cabin air). As fuel flow to primary engine 12 is
reduced, supplemental power must be provided to maintain
minimum bleed air pressurization, identified by line 54.
Insufficient supplemental power, i.e., anything below line 54
falls within an Insufficient Bleed Pressure Zone for the
aircraft ECS. Additionally, supplemental power provided to
primary engine 12 relative to fuel flow into primary engine
12 must fall below a lean blowout (LBO) limit or a Com-
bustion Instability Zone, identified by line 56. Excessive
supplemental power, i.e., anything above line 56, falls
within the Combustion Instability Zone in which a fuel-to-
air ratio is reduced enough to cause the combustor flame to
become unstable or extinguished. In other words, excessive
supplemental power combined with excessive reduction in
primary engine 12 fuel flow (-AW,, , ) can reduce combus-
tor 26 fuel-to-air ratio below sustainable combustion. The
proposed idle location using power assist systems 10, 40, 50
can lie near the intersection of combustion instability zone
line 56 and the minimum bleed air pressurization line 54,
preferably providing a safety margin between the proposed
idle location and line 56. In some embodiments, the pro-
posed idle location is preferably on or near the minimum
bleed air pressurization line 54 to avoid using fuel and
supplemental power to pressurize air above what is required.

[0027] The relationship between fuel flow and supplemen-
tal power provided to primary gas turbine engine 12 will
vary for each power assist system 10, 40, 50. The graph of
FIG. 4 is intended to provide a simplified example of the
power assist used during a descent idle mode as disclosed
herein. It will be understood by one of ordinary skill in the
art that modeling will be required for each power assist
system 10, 40, 50, which can include variations in primary
and secondary engines 12, 14 and power linkages 16, 42, 52,
to identify an ideal fuel/supplemental power input combi-
nation. Furthermore, it will be understood that models will
look different depending on the mode of operation (i.e.,
flight idle or ground idle). While the present disclosure
provides power assist systems which can result in a net
reduction of fuel consumption, the goal of the power assist
system is not necessarily to obtain a reduction in fuel flow,
but to improve readiness or response time of primary engine
12 in the event that additional thrust output is necessary. In
some embodiments, power assist system 10, 40, 50 may be
used to boost spool speed or reduce acceleration time
without producing a net fuel flow reduction.

[0028] Additional configurations may be considered in
optimization of power assist systems 10, 40, 50. For
instance, an increased benefit may be realized by resched-
uling HPC vanes when power supplement is available. In
some embodiments, vanes of HPC 20 may be used to restrict
airflow to shift Combustion Instability Zone line 56. The
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incidence angles of the HPC vanes can be changed to allow
more or less airflow depending on the speed of high pressure
spool 18. As the vanes are closed, airflow from HPC 20 can
be reduced, which allows for an additional reduction in
primary engine 12 fuel flow before reaching the LBO limit.
By restricting airflow from HPC 20, the fuel-to-air ratio can
be adjusted to optimize operation of power assist systems
10, 40, 50.

[0029] The efficiency of secondary engine 14 can also
significantly impact the potential for net fuel savings
achieved by power assist systems 10, 40, 50. FIG. 4 includes
varying APU 14 efficiency lines. As will be discussed further
with respect to FIG. 6, net fuel savings are dependent in part
on the fuel efficiency at which APU 14 operates. Along the
APU efficiency line, power assist systems 10, 40, and 50 are
energy neutral (i.e., the amount fuel (+AWj. ,,, ,».,) needed
to generate supplemental power is balanced by the amount
by fuel reduction (-AW ) to primary engine 12). Net fuel
savings are only achieved to the left of each APU efficiency
line, with greater fuel savings realized the farther left the idle
position is located from the APU efficiency line. As illus-
trated in FIG. 4, the proposed idle location would result in
a slight net fuel savings with supplemental power provided
by secondary engine 14 operating at 40% efficiency, and
improved net fuel savings with secondary engines 14 oper-
ating at 50% and 60% efficiency.

[0030] FIG. 5 is a graphical representation of improved
fuel reduction obtainable when aircraft ECS requirements of
primary engine 12 are removed. In some embodiments,
pressurized air for the aircraft ECS can be supplied by a
source of airflow other than the core or primary engine 12.
Therefore, there is no requirement for primary engine 12 to
supply pressurized bleed air for the aircraft ECS. In such
embodiments, the idle location can be moved further to the
left in fuel flow to a new proposed idle operation as there is
no requirement to meet a minimum bleed air pressurization.
Supplemental power provided to primary engine 12 relative
to fuel flow into primary engine 12 must fall below the
Combustion Instability Zone line 56, and sufficient supple-
mental power (e.g., +HP,,) is still provided by secondary
engine 14 to maintain an ideal idle speed as necessary to
reduce the time primary engine 12 takes to spool up if
additional thrust is needed.

[0031] FIG. 6 is a graphical representation of an example
of net fuel reduction with power supplementation to the
primary gas turbine engine during descent of the aircraft,
accounting for secondary engine 14 fuel needed to generate
supplemental power and primary engine 12 fuel. FIG. 6
represents model results for power assist system 10 for
particular models of a turbofan engine 12 and APU 14. As
illustrated in FIG. 6, for APU 14 operating at 50% efficiency
a power input of SF, would require a fuel reduction of
approximately WF, , (reduction from WF, to WF,) fuel
flow to primary engine 12 to be energy neutral, as indicated
by the 50% APU energy efficiency. The reduction of WF, ,
accounts for the amount of fuel needed by APU 14 to
produce supplemental power for primary engine 12. Any
further reduction of fuel flow to primary engine 12 results in
a net fuel savings of WF,_; (reduction from WF, to WF;) as
indicated in FIG. 6. This is a reduction of about five percent
in net fuel consumption, with a reduction of fuel flow to
primary engine 12 of greater than ten percent over a con-
ventional idle mode in which power to primary engine 12 is
not boosted by secondary engine 14. As previously dis-
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cussed, the net fuel savings is dependent on the efficiency of
APU 14 with lower APU efficiencies resulting in lower net
fuel savings.

[0032] In some embodiments, net fuel flow may be
unchanged or even increased depending on the system
configuration and goal of operation. The primary goal of
using power assist systems 10, 40, and 50 can be to improve
readiness or response time of primary engine 12 in the event
that additional thrust output is necessary. While use of power
assist systems 10, 40, and 50 as disclosed can result in a net
reduction in fuel flow, in some embodiments, power assist
systems 10, 40, 50 may be used to boost spool speed or
reduce acceleration time without producing a reduction in
net fuel flow. Using power assist system 50, a method of
improving response time of primary engine 12 can include
increasing supplementary horsepower (+HP,,) to primary
engine 12 via power linkage 16 and reducing a bleed flow
ratio of bleed air from compressor 28 to airflow entering
compressor 20, W,,, . prr srecd! W compressor Via power linkage
42 in a controlled time variant manner concurrent with an
increase in combustor 26 fuel flow (+AWj ) in primary
engine 12.

[0033] Power assist systems 10, 40, and 50 provide the
capability for reducing fuel requirements of primary engine
12 during an idle mode of operation, and particularly, during
descent of the aircraft. A net fuel savings can be realized by
supplementing power to high pressure spool 18 via genera-
tor 36/motor 38 driven by secondary engine 14 and/or
compressed bleed air from secondary engine compressor 28.
In addition, supplemental power provided to primary engine
12 can increase the idle speed above the conventional idle
speed providing safer engine operating conditions (i.e.,
improved compressor 20 operating stability margin) and
reduced spool up time should additional thrust output by
primary engine 12 be necessary. Power assist system 10
provides the additional benefit of being capable of operating
in reverse, transferring power from primary engine 12 to
secondary engine 14 to improve secondary engine 14 effi-
ciency, such that the secondary engine 14 can remain on
during flight and available for service as needed.

Discussion of Possible Embodiments

[0034] The following are non-exclusive descriptions of
possible embodiments of the present invention.

[0035] A method of operating an aircraft hybrid gas tur-
bofan during an idle mode of operation includes reducing a
fuel flow to a primary gas turbine engine and boosting a high
spool of the primary gas turbine engine using a secondary
gas turbine engine via a first power linkage connecting the
primary and secondary gas turbine engines, such that a net
fuel reduction is achieved. The net fuel reduction accounts
for fuel flow to the primary gas turbine engine and fuel flow
to the secondary gas turbine engine.

[0036] The method of the preceding paragraph can option-
ally include, additionally and/or alternatively, any one or
more of the following features, configurations, additional
components, and/or steps: rescheduling HPC vanes when
power supplement is available; switching environmental
control system (ECS) bleed and power sources; changing
supplementary horsepower input to primary gas turbine
engine and changing a bleed flow ratio of bleed air from the
APU compressor to airflow entering primary gas turbine
compressor in a controlled manner concurrent with changes
in primary engine combustor fuel flow.
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[0037] A further embodiment of the method, the primary
gas turbine engine can be a propulsion engine and the
secondary gas turbine engine can be an auxiliary power unit
(APU).

[0038] A further embodiment of any of the foregoing
methods, wherein boosting the high spool of the primary gas
turbine engine can include driving a generator with the
secondary gas turbine engine, coupling a motor to the high
spool, and powering the motor via the generator.

[0039] A further embodiment of any of the foregoing
methods, wherein boosting the high spool of the primary gas
turbine engine can include generating compressed air with
the secondary gas turbine engine, and providing the com-
pressed air directly into a turbine of the high spool of the
primary gas turbine engine to provide high spool torque.

[0040] A further embodiment of any of the foregoing
methods, wherein boosting the high spool of the primary gas
turbine engine can include driving a generator with the
second engine, coupling a motor to the high spool, powering
the motor via the generator, generating compressed air in the
secondary gas turbine engine, providing the compressed air
into the turbine of the high spool of the primary gas turbine
engine to provide high spool torque.

[0041] A further embodiment of any of the foregoing
methods, wherein the idle mode occurs during descent of the
aircraft.

[0042] A further embodiment of any of the foregoing
methods, wherein reducing the fuel flow to the primary gas
turbine engine can include a reduction of fuel flow greater
than 10 percent over a conventional idle mode in which
power to the high spool of the primary gas turbine engine is
not boosted by the secondary gas turbine engine.

[0043] A further embodiment of any of the foregoing
methods, wherein boosting the high spool of the primary gas
turbine engine can include providing supplemental power to
the primary gas turbine engine in an amount greater than 100
horsepower.

[0044] A further embodiment of any of the foregoing
methods can further include restricting an air flow exiting
from a compressor section of the primary gas turbine engine.

[0045] In another aspect, a method of operating an aircraft
hybrid gas turbofan includes providing supplemental power
to either a primary gas turbine engine or a secondary gas
turbine engine—the primary gas turbine engine being a
propulsion engine and the secondary gas turbine engine
being an auxiliary power unit (APU). Supplemental power
is provided to the primary gas turbine engine by the APU,
and supplemental power is provided to the APU by the
primary gas turbine engine. The method further includes
reducing a fuel flow to the primary gas turbine engine when
supplemental power is provided to the primary gas turbine
engine by the APU such that a net fuel reduction is achieved.
The net fuel reduction accounts for fuel flow to the primary
gas turbine engine and fuel flow to the APU.

[0046] The method of the preceding paragraph can option-
ally include, additionally and/or alternatively, any one or
more of the following features, configurations, additional
components, and/or steps: rescheduling HPC vanes when
power supplement is available; switching environmental
control system (ECS) bleed and power sources; changing
supplementary horsepower input to primary gas turbine
engine and changing a bleed flow ratio of bleed air from the
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APU compressor to airflow entering primary gas turbine
compressor in a controlled manner concurrent with changes
in fuel flow to the APU.

[0047] A further embodiment of the method, wherein
providing supplemental power to the primary gas turbine
engine occurs during an idle mode of operation of the
aircraft, and wherein providing supplemental power can
include boosting the high spool of a primary gas turbine
engine using the secondary gas turbine engine via a first
power linkage connecting the primary and secondary gas
turbine engines.

[0048] A further embodiment of any of the foregoing
methods, wherein boosting the high spool of the primary gas
turbine engine can include at least one of a first power
supplementation method and a second power supplementa-
tion method. The first power supplementation method
includes driving a generator with the secondary gas turbine
engine, coupling a motor to the high spool, and powering the
motor via the generator. The second power supplementation
method includes generating compressed air in the secondary
gas turbine engine, and providing the compressed air
directly into a turbine of the high spool of the primary gas
turbine engine to provide high spool torque.

[0049] A further embodiment of any of the foregoing
methods, wherein reducing the fuel flow to the primary gas
turbine engine can include a reduction of fuel flow greater
than 10 percent over a conventional idle mode in which
power to the high spool of the primary gas turbine engine is
not boosted by the secondary gas turbine engine.

[0050] A further embodiment of any of the foregoing
methods, wherein boosting the high spool of the primary gas
turbine engine can include supplementing power to the
primary gas turbine engine in an amount greater than 100
horsepower.

[0051] A further embodiment of any of the foregoing
methods, wherein providing supplemental power to the
secondary gas turbine engine can include driving a generator
with a high spool of the primary gas turbine engine, coupling
a motor to a spool of the APU, and powering the motor via
the generator.

[0052] A further embodiment of any of the foregoing
methods, wherein the mode of operation is one of a takeoff’
mode, top of climb mode, or cruise mode.

[0053] In yet another aspect, a method of operating an
aircraft hybrid gas turbofan includes providing supplemental
power to a primary gas turbine engine from a secondary gas
turbine engine—the primary gas turbine engine being a
propulsion engine and the secondary gas turbine engine
being an auxiliary power unit (APU)—and reducing a
response time of the primary gas turbine engine for spooling
up when additional thrust output is needed.

[0054] An aircraft hybrid gas turbofan includes a primary
gas turbine engine, which is a propulsion engine having a
high spool; a secondary gas turbine engine, which is an
auxiliary power unit (APU); and a power linkage between
the high spool of the primary gas turbine engine and the
APU.

[0055] The aircraft hybrid gas turbofan of the preceding
paragraph can optionally include, additionally and/or alter-
natively, any one or more of the following features, con-
figurations and/or additional components: a combined
motor-generator of the primary gas turbine engine and a
combined motor-generator of the APU; a load compressor
separate from the APU compressor-turbine; a power turbine
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mounted on a power shaft which is rotationally independent
from APU turbine shaft; a combined motor-generator of the
APU mounted on a power shaft which is rotationally inde-
pendent from APU turbine shaft.

[0056] A further embodiment of the aircraft hybrid gas
turbofan, wherein the power linkage can include an electri-
cal coupling and/or a mechanical coupling. The electrical
coupling includes a generator driven by the APU and a
motor coupled to the high spool and powered by the gen-
erator. The mechanical coupling includes a bleed air conduit
connecting a compressor section of the APU to a core gas
path of a turbine of the high spool.

[0057] A further embodiment of any of the foregoing
aircraft hybrid gas turbofans, wherein the power linkage
includes a combined motor/generator configured to transfer
power from a spool of the primary gas turbine engine to the
APU.

[0058] While the invention has been described with ref-
erence to an exemplary embodiment(s), it will be understood
by those skilled in the art that various changes may be made
and equivalents may be substituted for elements thereof
without departing from the scope of the invention. In addi-
tion, many modifications may be made to adapt a particular
situation or material to the teachings of the invention with-
out departing from the essential scope thereof. Therefore, it
is intended that the invention not be limited to the particular
embodiment(s) disclosed, but that the invention will include
all embodiments falling within the scope of the appended
claims.

1. A method of operating an aircraft hybrid gas turbofan
during an idle mode of operation of a primary gas turbine
engine, the method comprising:

reducing a fuel flow to the primary gas turbine engine; and

boosting a high spool of the primary gas turbine engine

using a secondary gas turbine engine via a first power
linkage connecting the primary and secondary gas
turbine engines such that a net fuel reduction is
achieved,

wherein the net fuel reduction accounts for fuel flow to the

primary gas turbine engine and fuel flow to the sec-
ondary gas turbine engine.

2. The method of claim 1, wherein the primary gas turbine
engine is a propulsion engine and the secondary gas turbine
engine is an auxiliary power unit (APU).

3. The method of claim 1, wherein boosting the high spool
of the primary gas turbine engine comprises:

driving a generator with the secondary gas turbine engine;

coupling a motor to the high spool; and

powering the motor via the generator.

4. The method of claim 1, wherein boosting the high spool
of the primary gas turbine engine comprises:

generating compressed air with the secondary gas turbine

engine; and

providing the compressed air directly into a turbine of the

high spool of the primary gas turbine engine to provide
high spool torque.

5. The method of claim 1, wherein boosting the high spool
of the primary gas turbine engine comprises:

driving a generator with the second engine;

coupling a motor to the high spool;

powering the motor via the generator;

generating compressed air in the secondary gas turbine

engine; and
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providing the compressed air into the turbine of the high
spool of the primary gas turbine engine to provide high
spool torque.

6. The method of claim 1, wherein the idle mode occurs
during descent of the aircraft.

7. The method of claim 1, wherein reducing the fuel flow
to the primary gas turbine engine comprises a reduction of
fuel flow greater than 10 percent over a conventional idle
mode in which power to the high spool of the primary gas
turbine engine is not boosted by the secondary gas turbine
engine.

8. The method of claim 6, wherein boosting the high spool
of the primary gas turbine engine comprises providing
supplemental power to the primary gas turbine engine in an
amount greater than 100 horsepower.

9. The method of claim 1 and further comprising restrict-
ing an air flow exiting from a compressor section of the
primary gas turbine engine.

10. A method of operating an aircraft hybrid gas turbofan,
the method comprising:

providing supplemental power to one of a primary gas

turbine engine and a secondary gas turbine engine
during a mode of operation of the primary gas turbine
engine, wherein the primary gas turbine engine is a
propulsion engine and the secondary gas turbine engine
is an auxiliary power unit (APU);

wherein supplemental power is provided to the primary

gas turbine engine by the APU; and

wherein supplemental power is provided to the APU by

the primary gas turbine engine; and

reducing a fuel flow to the primary gas turbine engine

when supplemental power is provided to the primary
gas turbine engine by the APU such that a net fuel
reduction is achieved, wherein the net fuel reduction
accounts for fuel flow to the primary gas turbine engine
and fuel flow to the APU.

11. The method of claim 10, wherein providing supple-
mental power to the primary gas turbine engine occurs
during an idle mode of operation of the aircraft, and wherein
providing supplemental power comprises boosting the high
spool of a primary gas turbine engine using the secondary
gas turbine engine via a first power linkage connecting the
primary and secondary gas turbine engines.

12. The method of claim 11, wherein boosting the high
spool of the primary gas turbine engine comprises at least
one of a first power supplementation method and a second
power supplementation method;

wherein the first power supplementation method com-

prises:

driving a generator with the secondary gas turbine
engine;

coupling a motor to the high spool; and

powering the motor via the generator; and

wherein the second power supplementation method com-

prises:

generating compressed air in the secondary gas turbine
engine; and

providing the compressed air directly into a turbine of
the high spool of the primary gas turbine engine to
provide high spool torque.

13. The method of claim 12, wherein reducing the fuel
flow to the primary gas turbine engine comprises a reduction
of fuel flow greater than 10 percent over a conventional idle
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mode in which power to the high spool of the primary gas
turbine engine is not boosted by the secondary gas turbine
engine.

14. The method of claim 13, wherein boosting the high
spool of the primary gas turbine engine comprises supple-
menting power to the primary gas turbine engine in an
amount greater than 100 horsepower.

15. The method of claim 10, wherein providing supple-
mental power to the secondary gas turbine engine com-
prises:

driving a generator with a high spool of the primary gas

turbine engine;

coupling a motor to a spool of the APU; and

powering the motor via the generator.

16. The method of claim 15, wherein the mode of opera-
tion is one of a takeoff mode, top of climb mode, or cruise
mode.

17. An aircraft hybrid gas turbofan comprising:

aprimary gas turbine engine having a high spool, wherein

the primary gas turbine engine is a propulsion engine;

a secondary gas turbine engine, wherein the secondary

gas turbine engine is an auxiliary power unit (APU);
and

a means for linking power between the high spool of the

primary gas turbine engine and the APU.
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18. The aircraft hybrid gas turbofan of claim 17, wherein
the means for linking power includes at least one of:

an electrical coupling comprising:

a generator driven by the APU; and
a motor coupled to the high spool and powered by the
generator; and

a mechanical coupling comprising a bleed air conduit

connecting a compressor section of the APU to a core
gas path of a turbine of the high spool.

19. The aircraft hybrid gas turbofan of claim 17, wherein
the power linkage includes a combined motor/generator
configured to transfer power from a spool of the primary gas
turbine engine to the APU.

20. A method of operating an aircraft hybrid gas turbofan,
the method comprising:

providing supplemental power to a primary gas turbine

engine by a secondary gas turbine engine during a
mode of operation of the primary gas turbine engine,
wherein the primary gas turbine engine is a propulsion
engine and the secondary gas turbine engine is an
auxiliary power unit (APU); and

reducing a response time of the primary gas turbine

engine for spooling up when additional thrust output is
needed.



