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WUcTouHukn wyma asuratenen 1960 n 2000 ronos

Noise of a typical 1960’s engine Noise of a typical 2000 engine

Compressor

Compressor

Turbine &
Combustor Turbine &

Combustor
Jet

v’ nepepacnpegerieHMe BKagoOB OT PasfiUMHbIX UCTOYHUKOB LUyMa
v'  3HaYUTeNIbHOe CHMXEHME LUyMa PeakTUBHOMN CTPYM

v\ WYyM BEHTUSIATOpPa AOMMUHUPYET KaK B NnepeaHen, TaKk U B 3agHeN
nonycdepax
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ameHeHne Bxnaga oTaAeNbHbIX UCTOYHUKOR LUyMa
ABuratenen HOBOro NOKONEeHUA

Progress in Community Noise Reduction

B Fan Inlt .
JET NOI'S-Q Bl Turk. & Corg

B Fan Exhaust
N\

O Jet

-

Airframe

EFNIB T

-----

L] aftfan |

‘Low Bypass  High Bypass

As Bypass Ratio has Increased, Jot Noise has Become Less Dominant

Need Noise Reduction for All Components Turhing & combustion

Crudicenue uyma cmpyu. Brnao ocHoeHbix ucmoyHuKo6 uyma.
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JBOSIOUMA HOPM LLIyMa

Evolution of ICAO Noise Standards
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Ho He wym
yAapHbIX BOSIH!

;

Bo3gencrtBue yaapHbIX BOJIH
nepepaeTcs Yepes Kopnyc
ABUraTens, noaBeckKy
(kpenneHue), nnaHep u
nepeunsny4aroTcA B KabuHy

Represented by Boeing
(Arcachon, France, 2002)

@

dB] @ Seats 4A

Sound Pressure Level

1 vtk New Ansos Fater §-

\

[TpMeHeHne MmoaepHM3NPOBAHHOIO
(Amax) Bo3gyxo3abopHuka
CYLECTBEHHO YMEHbLUAaeT

nunoobpasHein Wwym (buzz-saw tones)

QTD 1 B-777
(TRENT 800, m=6,3 DB=2,8Mm)

Buseline Iulet “@

"

/\ BPF

Buzz-saw Tones
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FazeuTHe ABUraTener HOEOMrS NOKoneHWA

CpaBHEeHMe CXer ABMraTenen
Leap-X u PWM1000G

IIIIIII

PW1000G

PWHM124G | 121 A320neo

Leap A 11:1 A320neo

PWH 21506 31 | Mitsubishi Feqgional Jet

PWM 286G | 121 MC-21

Leap B 9:1 | Boeing 737 MAX

PWMS19G | 121 | Bombardier CSeries

Py 000G 9:1 Embraer E-.let E2

Leap C 9:1 COMAC C919

I PyWHMI0NG | 121 Embraer E-.let E2 I
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BubpaunoHHoe Bo3aencTene oBurarensa

3aaHWA NOAC NOABECKK

NepeaHui NOAC NOABECKH
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(GE90-115B, m=8,7)

——  /ICXOOHbIV CNEKTP

YMeHblleHue
cocTaBndaOLWlEen Ha 4YyacrtoTe
crnenoBaHUSA NonaTtok

-------- Mocne ycTaHOBKU HOBbIX
naHenemn

O6nacTb CHUWXeHUs

NUCTOYHMUK,
nunooGpasHoro wyMa

He OTHOCHALLUNCA

/ / K ABurartentio

YpoBeHb WwyMa, ab

400 1200 1600 2000 2400 2800 3200 Iy
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Ha nemoncrparope QTD2 obL1H
HCNBITAHBI YIIPaBJIsieMble
IIeBPOHBI.

C aBuraresjied HOBOT0 MOKOJIEHUSA
IIEeBPOHBI yKe YOUPaKoT
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A loak at the inner workings of the variable-geometry chevron. Each chevron includes
three nickel-titanium actuators.
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“3eneHerow,an asnauusa: NMpopbiBbl B Uncroe Heb6o”
Bptoccenb (Benbrusa) 12-14 mapra 2014

OROANIGED BY : WITH THE SUPPONT OF | _G ree—‘n er AVIatlon : "_. ; -.-‘ ’::-:.‘."_\ b
A\ Clean Sky breakiiroughs 'y -

- EAS  and worldwide status

Lo Sochtd Swante
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o 2™ T0 44™ MARGH 2014

BOUARE, DRUBSELS MEETING CENTIE, MONT DES ARTS, 1000 BAUSAELY, IELOIUM s B .

NMpoekt OPENAIR HauerneH Ha yMeHblUeHUe LUyMa B NUCTOYHUKE
KaK gna gsurarens,
Tak U Ang nnaHepa

CHMXeHue Wwyma:
v Eugene Kors (Safran). Roadmap Brick for Aircraft Noise Reduction.
v’ Marcus Smith (Rolls-Royce). Integrated Propulsion System Design Summar.

v' Jacky Mardjono (Safran). Electronically Assisted Propulsion Systems Technologies Summary

MHHOBaUuu:

V. Baklanov (Tupolev). New generation engines mount must become green.




~ OPENAIR
\ﬂ“ Integrated Propulsion System Design Summar

Marcus Smith (Rolls-Royce plc) OPENAIR Technologies

Virtual Optimised &
scarfed inlet lined stators

Lined bifurcations
and splitters

Scarfed nozzle

Variable
impedance — /Op;mlsed bypass
inlet liners Active stators duct liners




Integrated Propulsion System Design Summar

\/\‘ A OPENAIR w

Marcus Smith (Rolls-Royce plc) Inlet
Folded-cavity liner impedance model

9.4”
deep Facing ?
SDOF Sheet P =

Folded cavity —

behaves as —

deep liner at -

low frequency —

*=' . Prfilmarily direct -
- reflection at
high frequency 800Hz 5000Hz UoS, BAB
800Hz 5000Hz

Segmented liner with 80mm
deep liner Uos, kN

| — _ frse:’uﬁ':; High Bypass Engine Fan Source SMR AP2-EP2;
: AN DDOE liner Folded Cavity (Deep Liner) : -4 EPNdB Cumulative
] BN (80mm deep) Segmented liner: -1.5 EPNdB Cumulative
N
,,l\ 5% Significant BSN noise reduction in the cabin not
e Baseline achievable by any reasonable amount of acoustic

R DDOF liner




Electronically Assisted Propulsion Systems Technologies Summary

Jacky MARDJONO (SAFRAN) Stator technology integration

* Full scale flat actuator (Airbus group)
— Innovative actuator development and manufacture

—  Specifically design & tested to fulfil OGV integration
constraints

* Metallic active OGV solution (ATMOSTAT)
— Design
— Mechanical justification
— Manufacture
— Acoustic tests

Piezoelectric actuator




HoBble TexHomnorum BEHTUNATOPA.
ONnucK, WTamMnoBaHHaA nonartka, CBapHOeE KoJieco




PW BepuT B nepcneKkTuBy

AanbHeunwero pas3sutua GTF
(10 TvnoB aBurareneun ¢ Tarom ot 6,6 T no 14,6 T Ana 5 TuNnoB camoneToB)

PW1124G
PW1127G A320 Neo
PW1133G
»
PWI1215G Mitsubishi
pwi217c W Regional
Jet
PW1400G _ UpkyT MC21
PWis21G 'EE Bombardier
PW1524G C Series
PW1700G | Embraer
PW1900G E-Jets E2
Mitsubishi MRJ Bombardier CSeries Airbus A320 Neo NpkyT MC-21

PW1124G 106,76 kH

PW1215G 6,6 1 PW1521G 93,41 kH ot 106,76 kH
’ ’ PW1127G 120,1 kH ’
PW1217G 7,57 PW1524G 103,64 kH PW1133G 146,79 kH Ao 146,79 kH
1-G-2-8-2-3 1-G-3-8-2-3 1-G-3-8-2-3 1-G-3-8-2-3
9:11 12:1 12:1 12:1
1,42 m 1,85 ™ 2,06 m 2,06 m

2014~ 2016 2016 2016 2019 ?



HoBeunwee pacnpegerneHne UCTOYHMKOB LIyMa
ABUratesien HoBoro NOKOJIeHUsA
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Typical 1990s Engine 2015 Engine
6~8:1 BPR 12:1 BPR
Geared Turbofan

Source provided by Pratt & Whitney to NASA Acoustic Technical Working Group
—



Il Airframe noise
Airframe Noise Overview OB BLekT 3
Presented by : Pierre Lempereur [Airbus)

CTpyKkTypa wyma Crpyn 5
TypOuua -0
WNCTOYHUKK WIyMa = Kamepa cropahns 5
e | BeHTUNRTOP 22

= | (ENEPEQ)
wee | BewtunsTop (Hazaa) 15
NepeaxAR cTONKS 10

(WELIT

CCHOEHLIE CTONKN 20

Kpeines 25




HoBasi koHuenuusa B.797 :
KOPOTKUEe MOTOroHaosa u Bosnyx03a6opHoe
YCTPONCTBO

Boeing 797 / NMA-6X Concept - 2018 .

jonostrower.com

757/767/777 windscreen

737 Max tail cone

Ovoid ‘hybrid’ fuselage

767-200 ‘small twin’
boarding doors

Shorter engine nacelle & inlet




Pazeumue oeuzameneitt HO6020 NOKOJICHUA

CpaBHeHue cxem aBurarterneun
Leap-X n PW1000G

Advance UltraFan

HoBeniwasa ctpaterns RR




CnexTp mymMa B nepeaHeii 4acTH MacCaKHPCKOro CajoHa

33 | 3333333335555 EI 333339555454

[11

EESizeint

T )
[l
l m—  ICXOAHbIN CNEKTP
A ®

EEEEEE

YMeHbLueHue QTD 2 B-777-300ER

COCTaBﬂHIOI.I.I,Eﬁ Ha 4YacTtoTe
cnejgoBaHuUd nonaTtok

sesssss [locne yctaHoBkM HoBbIX | (GE-90-115B, m=8,6

naHenen
DB=3,25Mm)
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JBONIOUUA ABUratenen u npobnemn! BUGpoaKycTukn
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BuOpanuoHHass Moae/ib YeJ10BeKa
(Per V. Briiel)

— T Comfort in Cars
— Proc. of the 2" Int. Conf. on Methodology

Chest wall and Innovation in Automotive Experimentation,

ﬂl[ (ca. 60 Hz) Turin, Italy, 1988
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BnuaHune nHpa3Byka Ha YenoBexa

Cmamucmud4eckue uccrie0oeaHusi

Table 1 - Summary of VAD patients’ data

Jlannwie npedocmasnenwvt Center
for Human Performance,

Alverca, Portugal

Occupation Age Pericardial Thickness
_ _ (mm)~ ICSV-Lisbon, 2005
Ajgreraft Technician 32 5
Ajgrcraft Pilot 37
Ajsrcraft Pilot 39
Ajsrcraft Pilot 41
Ai_r-::rafr Pila_:rt 44 B2-4
Helicopter Pilot 48
) o ’ pasa
Ajrcraft Technician 51 <
Truck Driver 52
Helicopter Pilot 53
Helicopter Pilot 57
Helicopter Pilot G0
Ajgrcraft Technician a2

Normal: <0.5mm

IIpodeccop T. Matoba (SInonust), B 1983 nepBbIM co001IHI 0 HAGIIOAEHUSSIX 00
YTOJIIEHHH MePUKAPAbI Y JI0[eii, padoTaIIINX B YCJIOBHUSIX MOBBLIIIIEHHOTO

yma
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Koprnyca ABuUrarterss
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¢M/Kl  |——  TBEpHoE yOpyTo- — 1 YOpYyro-JHCCHIATHEHAA |
TENO HHEPIHAIBHAA MOJENE
CHCTEMA
10ab
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TJacroTa, I'x
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OueHkKa 3adphpeKkTMBHOCTM BUOPOU3ONALIUMN

Bnok Bubpousonauuu

,HI/II-IaM]/FIeCKaSI ITOTATIIMBOCTE .

- roranepa (He),

- KopITyca aeurarend - (Hx),

- CHCTeMBI «JIBUTaTellb-TIoIRecka mmanepy (Hat+Hc)

40 4 YXecTkoe KpenneHue| - ympyroro msomaropa (Hus)

20 ]
BuGpousonupymouee >

s JKCnepumMmeHTanbHble AaHHbIe

.
e e N

20 30 40 50 100 150 200 300 Yactora(T'm)




Nepepavya BMOpaLUMOHHOro BO3aenNcTBue ABUrartens
yepes noaKoChl KpenneHus

AB-60T HK-12MIMM [Nogkockl c BY




OdunaMmnyeckue HanpsXXeHUA B NOAKOCE KPenfeHunA
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JBOSIOUMA HOPM LLIyMa
Evolution of ICAO Noise Standards
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BbIBOAbI

PeweHue np06neM wymMma Ha MeCTHOCTU YyXKe pellaeTcd nepeHocoMm BHUMaAHUA .

- ¢ TpaguumMoHHbIX MmeToaoB (yctaHoBkK 3IK, oT KOTopbIX TPeEbyeTcs LLMpPOKoe
pa3Hoobpasne 1 NoBbilleHHAs BbicOTa),

- Ha MeToabl 60pbObLI C LYMOM B UCTOYHUKE (LLMPOKOXOPAHbLIE NONaTKM BEHTUASATOPA,
TexHomnoruns 6nuck, aktyatopsbi).

PelweHue npobnem CTPYKTYpPHOro wyma OoT BUOpauMoOHHOro BO3AENCTBUSA ABUraTenen
noTpebyer:

- CO34aHUNA HOBOIO MNMOKOJ1IEHUA KpernJyieHUd asuratenemn
(C BCTPOEHHbIMN HU3KOYACTOTHbIMU Bnokamu BI/I6pOI/I3OJ'IFILI,I/II/I)

3awmTa oT 06ny4YeHUs repMokabuHbl NOTpedyer:
ynyyeHna BMbponsonunpyowmx CBoOMCTB bopTa drosenska
B HM3KOYaCTOTHOM AnanasoHe ( Hwke 600 [ ).

OnbIT aKcnnyaTauum camorsieToB C gBuratensamMm rnoBbILLEHHOWN CTENeHn
OBYXKOHTYpHOCTU (9 — 12) nokasbiBaeT:

- HOBbl€ HOPMbI LLYyMa Ha MECTHOCTHU 6y,El,yT yCrNeLwHO BbIMNMOJIHEHDI,

- YPOBEHb HM3KOYACTOTHbLIX COCTABMSAKLNX CTPYKTYPHOrO LWyMa B KabuHe aKMnaxa
MOXXET NPeBbICUTbL PEKOMEHAALMN CAHUTAPHbIX HOPM U BbI3BaTb BOMPOCHI O
©e3onacHOCTU NoJIeTOB.

CNACUBO 3A BHUMAHUE



CunoBas YCTaHOBKa CaMoJieToB HOBOIro rnmokKoJsieHus

Planetary gear system

- Reduction ratio 5:1

- Drive-shaft (gas turbine)

- Four planetary wheels ’

- Ringer gear (fuselage fan) o

Fuselage fan . :

- Single rotating fan design >
- Fan diameter approx. 2 meters
- Inlet duct height approx. 0.5 meters
- Fiber composite materials

Structural integration
- Structural loads induced
by the empennage are
transferred through the

eyl rt
5’50 Bauhaus Luftfah nacelle into the fuselage

( Neuve Wege.

Core engine (gas turbine)
- High-speed low-pressure turbine

- Overall pressure ratio 60:1

- No bleed-air extraction

Tapered fuselage S-Duct
- From 80% of the fuselage length onward - Feeds gas turbine with air
- Efficient air inflow - Bypass ratio 18:1
for Boundary Layer Ingestion - Similar to inlet duct design of modern turboprops

Source: Bauhaus Luftfahrt
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Bo3MOXHbie nyTH passutuall T4

KoHuenuws doupusl CFM
OBHrarena no cxeme
«OTKPbLITLIN POTOP»
(open rotor)

e

Hccnegyembie 3a pybexom
CXeMbl NepPCnexTMBHbLIX

MarHCTpanbHbiX Camoneroe
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