wo 2014/163708 A2 |11 N0F V0000 00 R A O A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/163708 A2

9 October 2014 (09.10.2014) WIPO | PCT
(51) International Patent Classification: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
F02C 7/10 (2006.01) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
. .. KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(21) International Application Number: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
PCT/US2013/078410 OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(22) International Filing Date: SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
31 December 2013 (31.12.2013) TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.
(25) Filing Language: English
L. ) (84) Designated States (uniess otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
(30) Priority Data: GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
61/775,100 8 March 2013 (08.03.2013) US UG, ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), Buropean (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(71) Applicant:  ROLLS-ROYCE  CORPORATION EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
[US/US]; 2001 S. Tibbs Avenue, Mail Drop U27, Indiana- MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
polis, Indiana 46241 (US). TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
(72) Tnventor: KARAM, Michael Abraham; 5778 Arlington KM, ML, MR, NE, SN, TD, TG).
Drive, Plainfield, Indiana 46168 (US). Declarations under Rule 4.17:
(74) Agents: TALBOT, C. Scott et al.; Cooley LLP, 1299 — as to applicant's entitlement to apply for and be granted a
Pennsylvania Ave, Suite 700, Washington, District of patent (Rule 4.17(ii))
Columbia 20004 (US). Published:
81) ]k)iezllgnated. Staltes (unless othe.;lﬂw;e .”fgafd {2 I}: el\l;el\r/[y —  without international search report and to be republished
nd of national protection available): AE, AG, AL, , upon receipt of that report (Rule 48.2(2))
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(54) Title: ROTOR NOISE SUPPRESSION

51

/

62

.
e m/
58 :
;2 54 56

Fig.1
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fluid source is in flow communication with the aperture and configured to flow the fluid through the aperture.
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ROTOR NOISE SUPPRESSION

CROSK-REFERENCE TO RELATED APPLICATIONS

{0601 This application claims priority to U.S. Provisional Application Serial No. 61/775,108,
entitfed “Rotor Noise Suppression,” filed March 8§, 2013, which 8 incorporated herein by
reference in Hs entirety.
FIELD OF THE INVENTION
{8002} The present invention generally relates to reduction in noise of rotor blades, and more
particularly, but not exclusively, to the noise reduction of open rotor blades driven by gas turbing
engines.
BACKGROUND

{6003} Noise suppression techniques useful with bladed rotors that are driven by internal
combustion engines, such as a gas turbine engine, remains an arca of interest. Some existing
svstems have various shortcomings relative to certain applications. Accordingly, there remains a

need for further contributions in this arca of technology.

SUMMARY
{8004} Onc cmbodiment of the present invention IS a unigue rotor noise suppression system for
use with a gas turbine engine. Other embodiments include apparatuscs, systems, devices,
hardware, methods, and combinations for rotor noise suppression. Further embodiments, forms,
features, aspects, bencefits, and advantages of the present application shall become apparcnt from

the description and figures provided hercwith,
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BRIEF DESCRIPTION OF THE DRAWINGS

{8005] The description herein makes reference to the accompanying drawings wherein like

reference mumcrals refer to like parts throughout the several views, and wherein:

{8006} Fig. 1 depicts an embodiment of an intornal combustion engine operable to power an

atreraft,

~

{0007} Fig. 2 depicts an airfoil member in communication with a fluid source to reduce rotor

noise,

{0008} Fig. 3 depicts an embodiment of a rotor noise suppression system ufilized in an open

rotor configuration.

DBETAILED DESCRIPTION

{8009} For purposcs of promoting an understanding of the principles of the invention, reference
will now be made to the crmbodiments ilhustrated in the drawings and specific language will be
used to describe the same. It will nevertheless be understood that no limitation of the scope of
the invention s thereby intended, such alierations and further modifications in the illustrated
device, and such further applications of the principles of the invention as illustrated therein being

contemplated as would normally ocour to one skilled in the art to which the invention relates.

{0010} With reference to Fig. 1, onc cmbodiment is disclosed of an internal combustion engine
50 useful to provide a power to an aireraft 51 which can take the form of mechanical and/or
clectrical power to drive, for example, accessorics associated with either or both of the engine 50

and aircraft 51, Thouogh the internal combustion engine 50 1s depicted in the form of a gas

2
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turbine cngine, the engine 50 can take a varicty of other forms including, but not limited to,

reciprocating engines and rotary engines.

{8011} As used herein, the term “aircraft” includes, but is not himited to, helicopters, airplancs,
unmanncd space vehicles, fixed wing vehicles, variable wing vehicles, rotary wing vehicles,
unmanned combat acrial vehicles, tailless aircraft, hover crafis, and other airborne and/or
extraterrestrial (spacecraft) vehicles.  Further, the present inventions are contemplated for
utilization in other applications that may not be coupled with an aircraft such as, for example,
industrial apphications, power gencration, pumping sets, naval propulsion, weapon systems,
seeurity systems, perimeter defense/security systerns, and the like known to one of ordinary skill

in the art.

{8012] To the illustrated embodiment, the internal combustion engine 50 includes a compressor
52, comnbustor 54, and turbine 56 which together are used fogether to prodoce a useful power.
Though the gas turbine engine 50 is disclosed as a single spool turbojot engine, in other
crobodiments the gas turbine engine 50 can be a multi speol engine. In any number of
embodiments the gas turbine engine 50 can be an axial flow, centrifugal flow, or mixed flow
enging. In some embodiments the gas turbine engine SO can be an adaptive and/or variable cyele

enging,

{0013] With reference to Fig. 2, a rotatable airfoil memwber 120 18 depicted and includes a leading
edge 104, a trailing edge 112, and a mean camber line 102, The rotatable airfol member 120 18
structured to be drivingly rotated about an axis such as an engine axis associated with the gas
turbing engine 58, In one form the rotatable airfoil member 120 is an open rotor structured fo

rotate about a conterline of the gas turbine engine. The airfoil member 128 includes at least one

(32
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aperture 110 in flow communication with a fhuid source 108, and through which a fluid can be
gjected that originates with the thuid source 108, The fluid source 108 can be a fhuid flow path
within the gas turbine engine 50 that conveys products of combustion produced in the combustor
54 and that is ultinately exhansted from the gas turbine engine 50 through the turbine 56 and out
a discharge opening.  As used herein, therefore, the term “exhaust flow” includes flow at the
discharge opening, as well as flow produced from the combustor 54 that is being exhausted
through the turbine 56, The thuid source 108 can be a flow path through the turbine 56, or a flow
path located between the furbine 56 and a discharge opening through which an exhaust flow exiis
the gas turbine engine 50 and/or aircraft 51, The flnd source 108 can pick up flow from any
position within the furbine 56, for example at an upstream, midstream, or downstrear stage of
the turbine 56, In some forms the fhud source can pick up flow after a final stage of the turbine

56 and before the discharge opening.

{0014} In the illustrated embodiment a phurality of the apertures 110 are disposed radially
outwardly along the span of the airfoil member 120, The aperture 110 can take any variety of
forms and shapes such as round or oblong form, a singular slot or series of slots disposed along
the airfoil member 120, cte. Not all apertures associated with the airfoil member 120 need be the
same. Somge variation can be present in the apertures. For example, some apertures 118 located
closest to a root of the airfoil member 120 can have different shapes than apertures 110 located
closer to a tip of the airfoil member 120, In short, the aperture 110 can take any form such that a
fluid 114 received from the fluid source 108 can exit from the airfoil 128 through the aperture
110, The aperture 110 can also be located in any varicty of chord locations. For example, the
aperture 110 can be located near the trailing edge 112 of the airfoil member 120, In onc form,

the apertare 110 is located at an intersection of the mean camber line 102 and the trailing edge
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112, The aperture 110 can be flush with the awrfoil 120 at a location where the fluid 114 exits the

airfoil 1240,

{0015} A flow channel 116 places the aperture 110 in flow communication with the fluid source
108, The flow channel 116 extends within the airfoil 120 and can torminate at the aperture 110
A plurality of flow channcls 116 can cxtend from the fluid source 108 to the aperture 110, or
alternately a singlc flow channel 116 can split into a plurality of flow channels 116 to provide the
fluid 114 to the aperture 110, A flow regulator 122 can control a flow of the fluid 114 through
the flow channel 116, The flow regulator 122 can take the form of a valve 122 which can be a
simple on/off valve, a variable flow valve, or any other valve 122 which can alter a flow of the

fuid 114 through the How channcl 116,

{0016} Reforrng to Fig. 3, a portion of the exhaust gas 60 s utilized as the flnd 114, An
exhaust portion 304 is located between the turbine 56 of the gas turbine cogme 50 and an exhanst
exit 318, An inlet 302 fo a passage that conveys exhaust gas to the airfoil member 120 receives
at least a portion of the exhaust gas 60 from the exhaust portion 304, the exhaust gas 60 flowing
throngh the flow channel 116 and emitting out of the aperture 118, as has been previously
described. There can be multiple inlets 302 to supply the exhaust gas 60 to the flow channel 116,
In a form of the gas turbine engine 30 which includes multiple firbine stages 56, the inlet 302
can be located between turbine stages 56 and/or can be located downstream of the final turbive

stage 56.

{8817} The airfoil member 120 is disposed upstream of an airfoil 314, both of which are
rotatable about an axis 62. In one form the axis 62 is a centerline axis of the gas turbine engine

36, The airfoil member 120 and the airfoif 314 can be open rotor blades 120, 314 which act
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upon a working tluid 316 and increasc a velocity of the free stream 316, In an open rotor
architecture 306, the airfoil member 120 and the airfoil 314 act upon the free stream 316 to
provide a motive force for the aircraft 51. Various configurations of open rotor concepts will be
appreciated, one of which shows the airfoil members 120 and 314 positioned at an aft location
relative 1o a nacelle 312 as depicted in the illustraied ermabodiment. The nacelle 312 in the
illustrated embodiment includes an upstream nlet structured on a forward end to receive the
working fluid 58, and the exhaust exit 318 on an aft end of the nacelle 312. The free stream 316
can be defined as an airflow which 18 not directly acted upon or durectly affected by
turbomachinery within the casing {not shown} of the gas turbine engine 50. The exhaust gas 60
emmtted from the airfoil 120 alters a velocity gradient of the working fluid 316 downstream of the
airfoil 120 and upstream of the airfoil 314 in a manner such that a reduction in the amount of
noise produced by airfoil 314 as it is rotated through the working fluid 316 can oceur. The
exhaust gas 60 emitted from the airfoil 120 reduces the impact of the blade wake on the airfoil
314, In one embodiment both the airfoil member 120 and airfoil 314 can include the apertures

110 discussed above.

{6018} The airfoil member 120 and the airfoil member 314 can be counter rotating relative to
one another such that the airfoil member 120 can be rotated in a first divection 308 and the airfoil
314 can be rotated in a second direction 310, the first direction 308 being opposite the second

direction 310,

{6019] While the invention has been described in connection with what is presently considered
to be the most practical and preferred embodiment, 1 is to be understood that the invention is not
to be limited to the disclosed embodiment(s}, but on the contrary, is intended to cover various

modifications and cquivalent arrangements included within the spirit and scope of the appended
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claims, which scope is to be accorded the broadest interpretation so as to cncompass all such
modifications and equivalent structures as permitted under the law. Furthcrmore it should be
understood that while the use of the word preferable, preferably, or preferred in the description
above indicates that feature so described may be more desirable, it nonctheless may not be
necessary and any embodiment lacking the same may be contemplated as within the scope of the
invention, that scope being defined by the claios that follow. In reading the claims it 1s intended
that when words such as "a," "an,” "at least one” and "at least a portion” are used, there is no
infention to Hmit the claim to only one item unless specifically stated to the contrary in the claim.
Further, when the language "at least a portion™ and/or "a portion” 1s used the item may inclode a

portion and/or the entire ttem unless specifically stated to the contrary,
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WHAT IS CLAIMED §S:

I An gpparatus, comprising:

an internal combustion engine configured to produce an exhaust gas as a result of
a combustion process involving a fuck;

a first airfoil member located upstream of a sccond airfoil member wherein the
first and second atrfoil members are driven by work produced from the internal combustion
engine;

an aperture disposed in at feast one of the first airfoil member and the second
airfoil member and structured to flow the exhaust gas, and

an auxiliary exhaust flowpath extending from the internal combustion engine and
arranged to convey the exhaust gas, the auwaliary exhaust flowpath operable to provide the
exhaust gas to the aperture disposed in at least one of the first airfoil member and the second

airfoil member,

2. The apparatus of claim 1, wherein the first airfoil member is a first rotatable blade
and the second airfoill member is a second rotatable blade, wherein the first rotatable blade is
positioned upstrearm of the sceond rotatable blade, and wherein the internal combustion engine i

a gas turbing cngine.

3. The apparatus of claim 2, wherein the aperture is disposed near a tratling edge
portion of the first rotatable blade and wherein the aperture s disposed at a point of intersection

of'a mean camber hine and a tratling edge of the first airfoil member,

e2s]
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4, The apparatus of claim 3, wherein the aperture inchudes a series of apertures along

the tratling edge portion, cach aperture having a radial relation to cach of the other apertures.

5. The apparatus of claim 2, wherein the fivst rotatable blade s a first open rotor, the
seeond rotatable blade is a second open rotor, and wherein the exhaust gas s a How of products
of combustion extracted from the gas turbine engine downstrearn of a combustor of the gas

turbine engine.

6. The apparatus of claim 5, wherein the first open rotor rotates countra to the second

open rofor,

7. The apparatus of claim 5, wherein the gas turbine engine includes an internal flow
between a turbine and an exbaust opening, and wherein the auxiliary exhaust flowpath inclades

an upstream portion located between a turbine stage of the turbine and the exhaust opening.

8. The apparatus of claim 7, which further inchides a flow regulator in fhud

commuunication with the auxiliary exhaust flowpath.

3. An gpparatus, comprising:
a gas turbine engine structured to produce work through the expansion of an
exhaust fluid flow to drive a rotor system having a plurality of rotor blades, the rotor system

including a first rotor blade positioned immediately upstream of a second rotor blade such that a

G
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flow path between the first rotor biade is unobstructed from the second rotor blade, wherein one
of the first rotor blade and the sccond rotor blade is structured to receive a portion of the exhaust
fluid flow and gject the portion of exhaust flow to a working fluid stream that is accelerated by

rotation of the first rotor blade or second rotor blade.

0. The apparatus of claima 9, wherein the {irst rotor blade mcludes an aperture

through which the exhaust fluid flow 1s ¢jected.

ti. The apparatus of claim 10, wherein the aperture is disposed near a tratling edge of

the {irst rotor blade.

12, The apparatus of claim 11, wheremn the first rotor blade s structired to rotate in a
direction opposite the second rotor blade, and wherein the exbaust fluid flow is extracted from

the gas murbine engine.

13. The apparatus of claim 11, wherein the first rotor blade includes a plurality of first
rotor blades cach inchading an aperture disposed near a trailing edge portion, the apertures

associated with cach of the plurality of rotor blades structured to gject the exhaust fluid flow.

14 The apparatus of claim 13, wherein the aperture associated with cach of the

plurality of first rotor blades includes a plurality of apertures, cach aperture of the plurality of

apertures located at a different radial position relative to cach of the other apertures.

10
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15, A method, comprising:

opcrating a gas turbine cngine to compress a thuid, combust a mixture of the fluid and a
fuel, and discharge the fluid forming an exhaust gas from the gas turbine engine through an
opening downsiream of a turbing;

providing power from the gas turbine engine to drive a pair of a first rotatable blade and a
second rotatable blade to produce a motive foree;

diverting a portion of the exhaost gas away from the opening to a flow channel in the first
rotatable blade; and

flowing the exhaust gas from the flow channel through an aperture in the first rotatable

blade.

16, The method of claim 15, which forther includes altering a velocity gradient of an

airflow upstream of the second rotatable blade as a result of the flowing.

17. The method of claim 16, which further includes regulating the amount of exhaust

gas flowing through the aperture.

18 The method of claim 16, wherein diverting a portion of exhaust gas from a gas
turbine cngine further includes diverting a portion of exhaust gas downstream of a final turbine
stage, and wherein the flowing exhaust gas through the aperture includes flowing exhaust gas

through a plurality of apertures arranged along a span of the first rotatable blade.

i
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9, The method of claim 18, which further includes rotating the second rotatable

blade in a direction opposing the rotation of the first rotatable blade.

24, An apparatus, comprising:
a gas turbine engine including a compressor, a combustor, and a turbing;
a open rotor systern driving by the gas turbine engine and having a first open rotor
posttioned upstream of a second open rotor; and
means for reducing a notse produced by an interaction of the first open rotor and

the second open rotor.
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