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(54) Turbine detuner for recovering kinetic energy from gas turbine engine exhaust gases

(57) A gas turbine engine test cell has a turbine de-
tuner capable of recovering kinetic energy from exhaust
gases emitted by a gas turbine engine while also detuning
the exhaust flow to reduce unwanted infrasound. The
gas turbine engine test cell includes a test cell building,
a thrust frame for mounting the gas turbine engine, and
the turbine detuner disposed downstream of the thrust
frame for extracting energy from the exhaust gases of
the gas turbine engine when in operation. The turbine

detuner has an inlet for receiving the exhaust gases, a
kinetic energy recovery mechanism (e.g. stator and rotor)
for converting the kinetic energy of the exhaust gases
into rotary power, and an outlet through which de-ener-
gized exhaust gases are emitted after being de-ener-
gized by the kinetic energy recovery mechanism. By elim-
inating the augmentor, the test cell is more compact. The
turbine detuner not only reduces infrasound but also re-
covers otherwise wasted energy.
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Description

TECHNICAL FIELD

[0001] The present invention relates generally to kinetic energy recovery systems and, in particular, to recovery of
kinetic energy from gas turbine engines.

BACKGROUND

[0002] Gas turbine engine test cells are well known in the art and are used for testing and measuring performance of
newly designed or recently overhauled gas turbine engines. An example of a typical out-of-airframe engine test cell is
shown in FIG. 1. Such test cells commonly include an inlet stack 10, a test section 20 housing the gas turbine engine
30 to be tested, an augmentor tube 40 and an exhaust stack 50.
[0003] As depicted in FIG. 1, the inlet stack 10 of the conventional test cell typically includes intake splitters 12 (for
acoustic treatment) and turning vanes 14. Separating the intake stack from the test section 20 is typically a flow screen
16 with a roll-up door 18.
[0004] As further depicted in FIG. 1, the test section 20 typically comprises a thrust frame 22 and monorail system 24
for mounting the gas turbine engine 30. In this conventional test cell, exhaust gases from the gas turbine engine are
exhausted into an ejector comprising an augmentor tube 40, diffuser 41 and exhaust basket 42. The augmentor tube
may be enclosed within a chamber known as an augmentor enclosure 51. The augmentor tube detunes the flow of
exhaust gas. Exhaust gases are then emitted into the exhaust stack 50 from the exhaust basket 42.
[0005] During operation, the engine draws air into the test section through the inlet stack and exhausts flow out of the
test section and into a large diameter tubular structure commonly referred to as an augmentor or augmentor tube which
is connected to a diffuser and exhaust basket. Flow is directed from the augmentor, diffuser and basket into the base
of a vertically oriented exhaust stack which exhausts to atmosphere.
[0006] Gas turbine engine test cells of the type described above are designed to function as a pump to maintain
sufficient air flow through the test section to provide proper aerodynamic simulation and flow rates while minimizing
noise and vibration to the surrounding environment.
[0007] The problem of noise treatment for a gas turbine engine test cell generally falls into two categories defined by
two distinct regions of the sound frequency spectrum: the audible range which is generally acknowledged to extend from
approximately 20 Hz through about 20 kHz and the inaudible ("infrasound") range occurring at relatively low frequencies
from a few Hz to about 50 Hz. Both frequency ranges present distinct problems and concerns and thus require different
solutions.
[0008] The audible part of the sound spectrum generated by the test cell corresponds to wavelengths which are small
relative to the characteristic dimensions of the test cell and results principally from sound waves propagating from the
test engine, through the system and out into the environment. The accepted solutions for dealing with sound waves in
the audible frequencies are straightforward and commonly involve the use of acoustic baffles in the inlet stack and
exhaust stack as well as the use of acoustic pillows. It has been found that such baffles and pillows are able to dissipate
sound waves in the audible frequency range to an acceptably low level.
[0009] Infrasound, however, occurs at wavelengths that are large relative to the characteristic dimensions of the test
cell and thus result in what are considered standing wave patterns rather than propagating noise. Although infrasound
is not audible, and thus does not present readily detectable concerns to the surrounding population, the relatively large
wavelengths of infrasound present its own unique set of problems and concerns. For example, large buildings and other
structures or parts thereof will vibrate or tend to vibrate at certain natural frequencies in the infrasound range. The
concern is that repeated exposure to infrasound frequencies over an extended period of time could result in structural
problems. The concern exists not only with respect to buildings and other structures in existence at the time the test cell
is installed, but buildings and other structures which may be erected years later as the community and surrounding
businesses develop. Furthermore, there are health concerns with respect to these vibrations.
[0010] Although a variety of sound attenuation techniques are known in the art, infrasound remains problematic with
augmentor tubes. Hard-to-treat low-frequency noise is known to develop inside the augmentor tube as the jet turbulent
eddies grow inside the tube. A further issue with augmentor tubes is ensuring that the augmentor tube is able to pump
the minimum amount required to meet the total air mass flow rate required for the test chamber.
[0011] A further challenge with respect to gas turbine engine test cells is their substantial size. Due to the length of
the augmentor tubes, the ejector systems typically range from 10 to 60 meters long (30 to 190 ft). A long ejector system
is required for adequate air flow mixing and test cell ventilation (test cell bypass). Conventional test cells thus typically
occupy a large footprint, which means that it is often difficult and expensive to acquire the land to build a new test cell.
[0012] Yet a further problem that arises with conventional test cells is that an existing facility cannot easily be enlarged
to accommodate testing of larger and more powerful engines. To enlarge an existing facility requires that the building
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be renovated or extended to accommodate a longer ejector system. This may only be possible where adjoining lands
are available.
[0013] In view of these various issues and challenges with the prior art technology, there remains a definite need in
the industry for an improved gas turbine engine test cell and an improved method for testing gas turbine engines.

SUMMARY

[0014] The present invention provides a novel turbine detuner for detuning the flow of gas turbine engine exhaust
gases (i.e. reducing infrasound) and for recovering kinetic energy from these exhaust gases.
[0015] The present invention also provides a novel method for detuning the gas turbine engine exhaust gases and
for recovering kinetic energy from the exhaust gases. In addition to the harnessing of otherwise wasted power, this
invention reduces infrasound by detuning the flow more effectively than an augmentor.
[0016] The present invention further provides a novel test cell incorporating this turbine detuner instead of an ejector
system with augmentor tube and exhaust basket. The turbine detuner not only harnesses kinetic energy from the exhaust
gases but also detunes the exhaust flow without requiring an augmentor tube or exhaust basket. Furthermore, by
eliminating the augmentor tube, the test cell can be much more compact. Compactness is very important because this
means that the test cell can be built on a smaller tract of land. Also, this means that an existing facility can be used to
test larger and more powerful engines without having to enlarge or lengthen the existing facility, which would conven-
tionally require extending the augmentor tube. Thus, to summarize, there are three main advantages to this innovative
turbine detuner in a gas turbine engine test cell: (1) energy recovery from the exhaust gases; (2) improved attenuation
of unwanted infrasound; and (3) elimination of the ejector system (augmentor tube) in favour of a more compact design.
[0017] In accordance with one main aspect of the present invention, a turbine detuner recovers kinetic energy from
exhaust gases emitted by a gas turbine engine and also detunes the exhaust gas flow. The turbine detuner comprises
an inlet for receiving the exhaust gases emitted by the gas turbine engine, a kinetic energy recovery mechanism for
converting the kinetic energy of the exhaust gases into rotary power, and an outlet through which de-energized exhaust
gases are emitted after being de-energized by the kinetic energy recovery mechanism. The turbine detuner may also
include means for extracting power from the kinetic energy recovery mechanism.
[0018] In accordance with another main aspect of the present invention, a method for recovering kinetic energy from
exhaust gases emitted from a gas turbine engine while also detuning the exhaust flow entails securely mounting the
gas turbine engine, installing a turbine detuner downstream of the gas turbine engine, operating the gas turbine engine
to produce exhaust gases for driving the turbine detuner to thereby enable the turbine detuner to recover kinetic energy
from the exhaust gases, and extracting energy from the turbine detuner.
[0019] In accordance with yet another aspect of the present invention, a gas turbine engine test cell capable of
recovering kinetic energy from exhaust gases emitted by a gas turbine engine while also detuning the exhaust flow
comprises a test cell building, a mount for mounting the gas turbine engine to be tested, and a turbine detuner disposed
downstream of the mount for extracting energy from the exhaust gases of the gas turbine engine when in operation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Further features and advantages of the present technology will become apparent from the following detailed
description, taken in combination with the appended drawings, in which:
[0021] FIG. 1 is a cross-sectional view of a conventional gas turbine engine test cell having an ejector that includes
an augmentor tube for receiving exhaust gases from a gas turbine engine;
[0022] FIG. 2 is a cross-sectional view of a novel gas turbine engine test cell incorporating a turbine detuner for
extracting energy from exhaust gases emitted by a gas turbine engine while also detuning the exhaust flow in accordance
with an embodiment of the present invention;
[0023] FIG. 3 is a cross-sectional view of the novel turbine detuner in accordance with an embodiment of the present
invention; and
[0024] FIG. 4 is a cross-sectional view of the novel turbine detuner, depicting air flow and exhaust flow into the turbine
detuner.
[0025] It will be noted that throughout the appended drawings, like features are identified by like reference numerals.

DETAILED DESCRIPTION

[0026] In general, and by way of overview, the present invention is directed to a turbine detuner capable of recovering
kinetic energy from exhaust gases produced and moved by gas turbine engines while also detuning the exhaust gases
to reduce unwanted infrasound.
[0027] FIG. 2 is a cross-sectional view of a novel gas turbine engine test cell incorporating a turbine detuner 100 in
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accordance with an embodiment of the present invention. This turbine detuner, as will be elaborated below, extracts
energy from exhaust gases emitted by the gas turbine engine 30 and also detunes the exhaust flow to reduce undesirable
infrasound.
[0028] As depicted in FIG. 2, the novel gas turbine engine test cell comprises an intake stack 10 (or inlet stack), a test
section 20 in which the gas turbine engine 30 is mounted, the turbine detuner 100 and an exhaust stack 50. As illustrated
in FIG. 2, the inlet stack 10 of the test cell is identical to the inlet stack 10 of the conventional test cell shown in FIG. 1
and may include the same intake splitters 12 (for acoustic treatment) and turning vanes 14. Separating the intake stack
from the test section 20 may be a flow screen 16 with a roll-up door 18, as found in the conventional test cell.
[0029] As further depicted in FIG. 2, the test section 20 comprises a thrust frame 22 and monorail system 24 for
mounting the gas turbine engine 30. In this novel test cell, exhaust gases from the gas turbine engine are exhausted
into the turbine detuner 100 instead of into an ejector or augmentor tube. As such, the augmentor tube, diffuser and
exhaust basket are eliminated entirely from the novel test cell. The turbine detuner, instead of the augmentor tube,
detunes the outflow of exhaust gases. The turbine detuner is more effective at detuning than the conventional augmentor
tube. Accordingly, the novel turbine detuner reduces infrasound more effectively than does a conventional augmentor
tube. The turbine detuner not only detunes the exhaust flow but also recovers kinetic energy from the exhaust gases.
The turbine detuner thus de-energizes the exhaust gases emitted by the engine under test. The energy that is extracted
can be used to power the test cell, can be fed back into the grid, or used for any other desired purpose.
[0030] After the exhaust gases pass through the turbine detuner 100, these de-energized exhaust gases are then
emitted directly into the horizontal detuner enclosure 52. The latter enclosure is a chamber continuous with the exhaust
stack 50, as depicted in FIG. 2.
[0031] FIG. 3 is a cross-sectional view of the novel turbine detuner 100 in accordance with an embodiment of the
present invention. As shown in FIG. 3, the turbine detuner 100 has an inlet for receiving the exhaust gases emitted by
the gas turbine engine. The turbine detuner 100 also includes a kinetic energy recovery mechanism for converting the
kinetic energy of the exhaust gases into rotary power. This mechanism may be a stator and rotor mechanism for generating
electric power. The turbine detuner also includes an outlet through which de-energized exhaust gases are emitted after
being de-energized by the kinetic energy recovery mechanism. This turbine detuner 100 thus recovers kinetic energy
from the exhaust gases emitted by the gas turbine engine. The turbine detuner also detunes the exhaust gases so that
unwanted resonance effects are eliminated or at least substantially mitigated. Because this turbine detuner attenuates
the infrasound radiating from the test cell, the risk of damage and/or nuisance to surrounding buildings, dwellings and
structures is minimized.
[0032] In the specific embodiment illustrated in FIG. 3, the turbine detuner 100 includes a stator 110, a turbine 120
and a bypass fan 130. The turbine 120 generates electric power. Rotation of the turbine drives the bypass fan either
mechanically or electrically to cause entrainment of bypass air. Any suitable mechanical coupling means (shaft) or
electrical coupling means may be employed for this purpose. This bypass air improves the performance of the test cell
by ensuring good flow characteristics in the test section. In a simple test facility, mechanical coupling will likely be
sufficient and the simplest and least expensive solution; however, in more complicated facilities that test a broad range
of engines, more control over the speed of the bypass fan may be desirable, and thus a separate electric motor might
be needed to operate independently of the turbine speed.
[0033] FIG. 4 is a cross-sectional view of the novel turbine detuner, depicting air flow and exhaust flow into the turbine
detuner. As can be seen in this figure, the turbine detuner is spaced downstream from the nozzle exit plane of the gas
turbine engine under test to ensure that all exhaust gases are captured by the detuner. It is believed that a spacing of
approximately two engine nozzle diameters (between the nozzle exit plane of the engine and the inlet of the detuner)
provides the best performance for the detuner. Test section air flow around the engine is entrained by the bypass fan,
as depicted in this figure.
[0034] The energy recovery potential of this novel technology can be estimated as follows. Assuming T = 25000 lbs
of thrust and Wj = 300kg/s as the engine flow rate, and further assuming that the turbine detuner has turbine pressure
ratio Prt = 1.3, an efficiency E = 75% and a percentage of entrained flow by the exposed jet Wb = 25%, then the estimated
power extracted from this 25000 lbf engine would be:
[0035]

[0036] As will be readily appreciated, this is a very substantial amount of power. For larger engines, more power will
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be extracted. This power can be used for any desired application such as, for example, powering the test cell, surrounding
facilities, specific machinery or equipment, or fed back into the power grid (i.e. sold back to the electric power utility
company). Alternatively, the rotary power of the turbine detuner may be harnessed by any other suitable mechanical
means to drive machinery, equipment, etc. without necessarily converting the power into electricity.
[0037] From the foregoing, it should now be apparent that the kinetic energy in the exhaust gases (engine nozzle
outlet gases) causes the detuner device to rotate and thus produce device shaft power. Part of the device-produced
shaft power may be used to move air around the tested engine (engine bypass air) by way of mechanical fan means
(e.g. bypass fan 130) or by electrical fan means. Device-produced shaft power that is not used to move engine bypass
air can be applied to any other power needs, as noted earlier. Therefore, energy from the outlet gases can be harnessed
without causing an unacceptable back-pressure on the gas turbine engine from which kinetic energy is being recovered.
In other words, energy recovery does not affect the performance of the engine under test nor does it affect the meas-
urements made or the test results. The detuner device can recover kinetic energy from outlet gases for a broad range
of engine sizes. This means that a test cell equipped with the turbine detuner is extremely versatile. As will be appreciated,
the recovery device (detuner) is constructed to withstand the temperature and pressure variations imposed by the gas
turbine engine exhaust gases.
[0038] In the main implementation described above, the turbine detuner is used indoors (i.e. inside a gas turbine
engine test cell). However, in another implementation, the turbine detuner 100 may be used outdoors. This energy-
recovery device (turbine detuner) may be placed downstream of a gas turbine engine to recover some of the kinetic
energy of the exhaust gases emitted by the engine. In an exterior (outdoors) test facility, such as, for example, on an
outdoor test stand, the gas turbine engine is mounted securely to a concrete base or other immovable structure. This
base or structure is, of course, installed in a field, clearing or other such location where the jet blast, noise and vibration
does not cause any damage or nuisance. One or more energy-recovery devices (e.g. one or more of the turbine detuners
disclosed herein) may be placed behind the nozzle of the gas turbine engine to recover kinetic energy.
[0039] While the novel test cell has been depicted with vertical intake and exhaust stacks, it should be understood
that the intake and exhaust could be horizontal. A horizontal intake and horizontal exhaust would include silencers
(acoustic baffles) that are positioned horizontally.
[0040] The embodiments of the invention described above are intended to be exemplary only. As will be appreciated
by those of ordinary skill in the art, to whom this specification is addressed, many obvious variations, modifications and
refinements can be made to the embodiments presented herein without departing from the spirit and scope of the
inventive concept(s). The scope of the exclusive right sought by the applicant(s) is therefore intended to be limited solely
by the appended claims.

Claims

1. A turbine detuner for recovering kinetic energy from exhaust gases emitted by a gas turbine engine while also
detuning the exhaust gases, the turbine detuner comprising:

an inlet for receiving the exhaust gases emitted by the gas turbine engine;
a kinetic energy recovery mechanism for converting the kinetic energy of the exhaust gases into rotary power; and
an outlet through which de-energized exhaust gases are emitted after being de-energized by the kinetic energy
recovery mechanism.

2. The turbine detuner as claimed in claim 1 wherein the kinetic energy recovery mechanism comprises a stator and
rotor for generating electric power.

3. The turbine detuner as claimed in claim 1 or claim 2 further comprising:

a turbine driven by gases exhausted from the gas turbine engine; and
a bypass fan driven by the turbine, the bypass fan entraining bypass air into the turbine detuner.

4. A method for recovering kinetic energy from exhaust gases emitted from a gas turbine engine while also detuning
the exhaust gases, the method comprising:

securely mounting the gas turbine engine to a thrust frame inside a test section of a gas turbine engine test cell;
installing a turbine detuner downstream of the gas turbine engine;
operating the gas turbine engine to produce exhaust gases for driving the turbine detuner to thereby enable the
turbine detuner to recover kinetic energy from the exhaust gases while also detuning the exhaust gases to
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reduce infrasound; and
extracting energy from the turbine detuner.

5. The method as claimed in claim 4 wherein installing the turbine detuner comprises spacing the turbine detuner two
nozzle diameters away from a nozzle outlet of the gas turbine engine.

6. The method as claimed in claim 4 or claim 5 further comprising entraining air using a bypass fan driven by a turbine
inside the turbine detuner.

7. A gas turbine engine test cell capable of recovering kinetic energy from exhaust gases emitted by a gas turbine
engine being tested while also detuning the exhaust gases, the gas turbine engine test cell comprising:

a test cell building having an intake stack at a first end of the building and an exhaust stack at a second end of
the building;
a test section extending from the intake stack to the exhaust stack;
a thrust frame for mounting the gas turbine engine inside the test section; and
a turbine detuner disposed downstream of the thrust frame for extracting energy from the exhaust gases of the
gas turbine engine when in operation.

8. The gas turbine engine test cell as claimed in claim 7 wherein the turbine detuner extracts energy from the exhaust
gases and emits de-energized gases directly into a horizontal detuner enclosure leading to the exhaust stack.

9. The gas turbine engine test cell as claimed in claim 7 or claim 8 wherein the test section is separated from the
exhaust stack by a wall having an aperture designed to securely receive said turbine detuner, whereby the exhaust
gases from the gas turbine engine must pass through the turbine detuner in order to be exhausted through the
exhaust stack.

10. The gas turbine engine test cell as claimed in any one of claims 7 to 9 wherein the turbine detuner is disposed two
nozzle diameters away from a nozzle outlet of the gas turbine engine.

11. The gas turbine engine test cell as claimed in any one of claims 7 to 10 wherein the turbine detuner comprises a
stator and rotor for generating electric power and an axial turbine downstream of the stator for driving a bypass fan
that entrains air into the turbine detuner.

12. The gas turbine engine test cell as claimed in any one of claims 7 to 11 wherein a horizontal dimension of the detuner
enclosure and exhaust stack is less than a length of the test section.
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