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Civil Aircraft Noise
5 i
« Aircraft noise and its adverse environmental effects is one of the major environmental 5 **°
concern that airports are facing nowadays. 2 i
T 600
» Generally aircraft noise at basic level is classed as “annoyance”. é’ i
= i
. E 400
+ Serious health-related effects are also reported through research. =t
s |
+ Aircraft Noise is therefore a high-profile issue that is being progressively addressed & 2°°T
through combined efforts of global aviation community. - I_l
Arrival 0 i . 1 . 1 . 1 . 1 .
Final approach ﬁ)()l[]]‘i‘]l] 1960 1970 1980 Year 1990 2000 2010
\%7\/-] o Evolution in airports with noise restrictions;
- Continuing climb _’ﬂ from Ref. [2]
Approach Initial climb
certificatioy Lateral
\Ql\"l‘l * Regulated by the ICAO/FAR, and other organisations.
Ground roll

2000 m

Flyover * ICAO - Chapter 4 - “Annex16”; first entered into force in1971.

certification
point

Departure
footprint

» Upated regularly by ICAO — CAEP. Most recent updates enforced in
2006.

6500 m

ICAO/FAR Community reference points for noise certification, adopted from [2]
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Civil Aircraft Noise Data

Approach noise level is always higher compared to other

Analysis of the most recent certification data reference points; due to a combination of factors.
Indicates we are well below the current limits !!
40 i = Approach

B L o Lateral
| . Demand for further ~ 100 * Flvover
Z cumulative reduction
:':_ 30 B by 7 EPNL (dB)
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g | | Py m
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'700 '?00 300 qOo 500
MTOW, metric tons .
: MTOW, metric tons
Cumulative noise margin (approach 5.1 , fly-over 6.9,lateral 3.6) of
commercial aircraft over ICAO Chapter4 limits. Average 15 — 20 EPLN(dB). Recorded E'_DNL on approach, fly-over,lateral.
Data source: European Aviation Safety Agency. Ref. [2]. Data source: EASA. Ref. [2].
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ICAO - Balanced Approach

In order to address noise issue and to propose a systematic, flexible and globally applicable solution. ICAO published a harmonised
approach, usable on an airport-by-airport basis in 2001.

® System-level assessment and understanding of noise.

Reduction
of Noise at
Source

® Design and operational parameter sensitivities
-l

® |dentification of dominant noise contributor
New technology potential/integration.

Support potential experiments and flight

Noise
| Abatement
Operational
Procedures

Balanced
Approach

Land-use
Planning and
Management

demonstration activities

)

Planning (Zoning, easement, etc.)

Mitigation (building codes, insulations, real estate

Operating

disclosure, etc,) Restrictions

Financial (tax incentives, charges, etc.) Movement caps

Noise quotas
Non-addition rules
Curfews

Reduction/redistribution of noise around the airport

Enable full use of modern aircraft capabilities

Various departure & approach procedures:

o Displaced thresholds (landing/takeoff positions)

o Reduced power/drag and CDA (Continuous Descent Approach)
o Limited engine ground running

o Noise preferential routes/runways

o SIDYSTAR? and RNAV? procedures optimisation and design

1) SID = Standard Instrument Departure

2) STAR = Standard Terminal Arrival Route

3) RNAV = “Area Navigation” a method of instrument flight
rules (IFR) navigation

Multidisciplinary knowledge of the aircraft noise serves as prerequisite to perform integrated noise assessment at aircraft operational

level.


https://en.wikipedia.org/wiki/Instrument_flight_rules

Scope
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Scope of the presentation .' e

* Propose a preliminary subsonic aircraft and engine noise assessment framework.

o System level — source noise modelling
o Propagation and atmospheric effects

o Effective preceived noise level - EPNL (dB)

* Present assessment of aircraft certification noise

o LTO cycle flight trajectory definition

o Engine performance model integration ,_R_‘

o Aircraft flight performance model integration

Receiver ¢— Propagation «—————— Source
Image adopted from Ref. [3]

* Present framework verification

o Certification noise varification with ICAO data
o Component level noise verification with available literature



Methodology
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Aircraft Performance Simulation Pand A
Tamb
- Formulated based on aerodynamic LD Correlations. Drag
- Verified through in-house data - Acquired based on industrial collaboration. Flight Srengiin iy
) _ Velocity : Thrust
- Airframe manufacturers public reports. Weight
Image adopted from Ref. [4]
(__surt_ ) GISMO- Architecture of preliminary aircraft performance modelling. %
I ) I l
Mission Requirements Airframe Structure sion Group [|Airframe misc. & Equip] |Operational Items . .
_ —E.. pritivpimmnn | . .m.f..ll;,...'.r. el provisions Mission Task Elements
profile, fue e T . r boxes. Drives|| * Intrume nav + Cabin supplies
h » Hydraulics & pneumatics .

= Air ind. System T

« Electric- & avionics sys.
« Exhaust & oil sys
- * Furnishing & equipm.

ty equipm. Stepped cruise |
* Fuel- & start. sys. || o A/C & anti-ice < >

Sur = Oil
. e e « Cargo handling <«
Performance Requirem. * Nacelle group * Thrust reverser « Miscellaneous
all speed, T/0- and
Landing distances, Number Perfor e module
of engines, CL . erformance module

FAR/JAR 25 design

requirements

et

Climb
Descent

‘4;, etry Layout .

: e Take-off Taxi-in &
Approach &

Aerodynamics Start up & Landing Shutdown

Taxi-out\ /

Requirements/Accuracy Trerare... Range
Weight Analysis fulfilled? . < bt
MiSSiOI’l time and fuel
. 1“]

*Avellan, R., “Preliminary Design of Subsonic Aircraft and Engines”, Proceedings of the International Society Of p Block time and fuel >

Air Breathing Engines. (ISABE-2007-1195), Chalmers University of Technology, Gothenburg, Sweden.
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Engine Performance Simulation

GESTPAN - General Stationary and Transient Propulsion Analysis

« Zero-dimensional aero-thermodynamic analysis employing discrete component maps
» Solves for the mass and energy balance between the various engine components

 Ability to simulate a wide range of aero-engines as well as industrial gas turbines
Image courtesy of CFM.

Key Capabilities

. . : . - Bypass duct ‘LHN;;Z"-? n
- Ability to introduce customised (user defined) component characteristics. —
- Design, Off design and transient performance calculations | e ]

Inlet
Nozzle

Combustor

HP rotational speed
balance, torque balance

1P rotational speed balance, torque balance

LP rotational speed balance, torque balance

*Gronstedt, T., “Development of Methods for Analysis and Optimization of Complex Jet Engine Systems”,

PhD Thesis, Department of Thermo and Fluid Dynamics, Chalmers University of Technology, 2000. GESTPAN - Interconnected Engine Component Schematic of Turbofan
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Noise Source Modelling Overview .' o

. The noise sources are modelled based on a wide-range of empirical and semi-empirical correlations collected from the
public domain literature.

o The modelling is predominantly inspired by the work reported through the NASA “Aircraft NOise Prediction Program”.

. Fan, Compressor, Combustor and Turbine Model — Empirical approach adopted from the NASA — “Improved NASA-ANOPP
- Noise Prediction Computer Code for Advanced Subsonic Propulsion Systems, NASA Contractor Report 195480.

. Jet Model — Empirical approach reported in SAE “Gas Turbine Jet Exhaust Noise Prediction”, SAE ARP876. Rev E, 2006.

. Airframe Model — Empirical approach and noise sub-component definition based on the 4.7% DC10 model and the 6.3% B767
model —NASA Contractor Report 213255, 2004 “Airframe Noise Sub-component Definition and Model”.

. Landing Gear Model — Semi-analytical and semi-empirical approach applied to three spectral component of the landing gear,
low, medium and high frequency noise. NASA Contractor Report 213780, 2005. “Empirical Prediction of Aircraft Landing Gear
Noise”.

*E. Ali., D. Carlsson and L. Ellbrant., T. Gronstedt “A Noise Assessment Framework for Subsonic Aircraft and Engines” Proceedings of American Society of Mechanical Engineers Turbo Expo 2015:
Power for Land, Sea and Air, June 13- 17t 2016 Seoul, South Korea GT2016-58012.
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System Level Noise Modelling

» Developed integrated noise assessment framework: Architecture.

|
v v | ' !
AL Er;)g:::; RECiOE ques Total=} Noise Sources |—_>| COMPRESSOR |“ i :
o Aircraft flight definition (LTO Cycle) No ' || comBusTorR =
Flight Profile |

' | TURBINE @ !

Completed? . .
| r |

USRS IR NP L@ | |

o Propagation and Atmospheric Effects : — Spherical Spreading | ' ) |

—>| Retarded Time | I —_— s = e = = s e = = —

o Source Noise modelling

o Effective Precived Noise Level Calculation

. Propagation & —>I Lateral Attenuation | I
| Atmospheric 1 :
Effects ! Doppler Shift | !

—>| Atmospheric Attenuation |

I
—>| Ground Reflection | .
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Aircraft Model

_soEING 737 800
ST RSRRNIRRENNE B RRE RRERRNL

Simulated
Trajectory
Image courtesy of Boeing \ Approach
- Reference
Engine Model: Inspired by CFM 56-7B27 Lateral @ &
Reference /(’// )
\/////’ P s 2000 m’
s (1476 ft) /?3\‘ (€62
L L es00m
__— (213251)
Image courtesy of cfm —’//
Parameter Value Units T\*
Mass flow 427.00  Kg/sec RZ'f‘é‘r’;’ﬁ{:e ICAO - LTO Noise Certification Points
BPR 5.10 -
FPR 1.71 -
CPR 10.71 - _ -
OPR 28.63 . - Community/Flyover with noise abatement cutback.
TET 1608.00 K - Approach (3deg glide slope).

Thrust 121.50 kN
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Certification Noise Results .' N/

ICAO Data Vs Model Prediction 40

ICAO Measured Noise Level B

.|

=
Noise Level Lateral Full power Flyover Approach b ol &
Measured Noise level 94.70 87.00 96.50 -y B E
Noise Limit 97.00 91.90 100.70 p=1 L, ¢ .
Margin -2.30 -4.90 -4.20 g s . .
Cumulative Margin -11.40 - - o
Framework - Simulated Noise Level é
Noise Level 95.10 89.80 96.80 %
Margin -1.90 -2.10 -3.90 5
Cumulative Margin -7.90 - - E

E
A masim 0.5% =3.0% 0.5% 3

’?00 ‘900 300 qOO 500

MTOW, metric tons
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Component Level Approach Spectrum o Total A Fan Inlet
O Fan Aft -=----- LPC Inlet
—+H&— Combustor —>*— Turbine
+ Airframe noise is the most dominant component for lower frequencies. 140 =X—let ’ Alilrframe
* The airframe noise at approach is greatly influenced by the turbulent wakes
that arise from the airframe components: 120 1
o landing gear and high-lift surfaces 100
o controls surfaces ]
o speed brakes = 80 3
= 1
 Airframe is significantly greater compared to the characteristics of the engine, = ¢
therefore noise generated by the airframe is of larger length scales which @ 60 A
translate to lower frequencies. .
40 -
» At higher frequencies the fan and turbine exhibit greater influence. :
20 1
* Predominantly dependent on the ]
o Rotational speed of the rotor 0
o Number of blades 0,E+0

Band Center Frequency [Hz]

Approach condition simulation results: Spectrum at 1m radius (120 deg) for baseline aircraft.
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N
Concluding Remarks ..

. An integrated framework capable of computing the noise sources corresponding to aircraft airframe, engine component and
flight propagation effects at all three ICAO defined noise certification points has been developed and successfully deployed.

. The proposed model exhibits reasonable accuracy in predicting the certification and component level noise to support
conceptual design assessment.

. The model development work gather most relevant literature and noise data from different sources into a multidisciplinary
method for aircraft noise estimation.

. The model allows an effective implementation into an aircraft design process by evaluating the risks of new technologies on
the environmental noise impact.
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—o6— Total —#— Fan Inlet ..

—O— Fan Aft = = = [PC Inlet
—8— Combustor —%— Turbine —o—Total —A—Fan Inlet —6—Fan Aft
160 —— Jet — Airframe —8B— Combustor —%— Turbine —k— Jet
80
140 & 20
120 60
100 3
= — 50
a @
= 80 = 49
= s
60 “1 30
20 10
0 0
OE+00 2E+03 4E+03 6E+03 8E+03 1E+04 0E+00 3E+03 SE+03 8E103 1E+04 1E+04 2E+04
(a) Band Center Frequency [Hz] (b) Band Center Frequency [Hz]

Lateral condition spectra at 120 degree results: (a) simulation for baseline aircraft; (b) trends based on theory.
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Fan & Compressor Noise .' '

The model employed was initially developed by Boeing Company in collaboration with NASA Ames, and further improved by
Heidmann based on full-scale fan test performed at NASA lewis.

» The procedure involes predicting spectrum shape, level, and directivity for each of the following components:

o Inlet broadband, discrete tone, and multiple-pure tones
o Exhaust broadband and tone noise

* Four key parameters are required to predict basic spectrum level

o Mass flow (specific power)
o Total temperature rise across the stage (specific work)
o Design and operating point values for relative tip mach number

Images courtesy of Jet Art
Aviation.

« The acquired basic levels are then corrected for:

o Presence of IGV, rotor-stator spacing,
o Inlet flow distortions, and cuttoff.

Janardan, B., Kontos, K., and Gliebe, R., “Improved NASA-ANOPP - Noise Prediction
Computer Code for Advanced Subsonic Propulsion Systems, NASA Contractor Report 195480. Images courtesy of GE.
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Combustor Noise ' '

. The empirical models emplyed for combustor noise are derived based on the full-scale engine static tests on several modern
low emissions commercial turbofans.

o CM56-80C2, CM56-5B, CM56-7B, and GE90
. The test data was acquired for both single and dual annular combustors noise levels through data decomposition.

o SPL correlations were derived as a function of the following parameters: i
o Combustor geometry i 1
o Cycle conditions
o Spectral frequency content
o Measured directivity angle

T T
Combustion Chambers Turbine

. Turbine noise source is modelled using similar approach as employed for compressor. Images CXU_“?SV orJetArt
—_— viation.

Krejsa, A,. “Interim Prediction Method for Turbine Noise”. NASA Technical Memorandum 73566.
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Jet Noise .' '

. The jet noise model employed originates from the experimental findings reported in [5], performed by NASA.

. Three dedicated noise sub-models are scheduled as following:

/ e
o Single Stream Jet (SSJ) mixing noise L | -~
o Coaxial Jet mixing noise “ ‘

Image adopted from Ref. [2]

. For SSJ the jet velocity is the most dominent factor, calculated using nozzle design and performance parameters e.g nozzle PR
and temperature.

o Static OSPL as a function of angle to the inlet axis is then computed based on the correlation derived using experimental
values.

o A subtraction of the difference between the static and the flight case is made in order to obtain the in flight overall sound
pressure level.

SAE Report., “Prediction of Single Stream Jet Mixing Noise from Shock-free Circular Nozzles”, In Gas Turbine Jet Exhaust Noise Prediction, SAE ARP876. Rev E, 2006.
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Jet Noise Cont’d .' '

. Employed model for coaxial jet mixing is divided into three sub-models

o Primary ( Core flow)
o Secondary ( Bypass flow)
o Shear layer between above corresponds to mixed source

. The most important parameters are following:

o Velocity and density differences between the core and the bypass
o Bypass and the ambient flow
o Geometry of the core and bypass

SAE Report., “Prediction of Coaxial Jet Mixing Noise”, In Gas Turbine Jet Exhaust Noise Prediction, SAE ARP876. Rev E, 2006.
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Airframe Noise .' '

* NASA performed elliptic mirror acoustic measurements of the scaled DC10 and B767 fuselage models. .

 Through the regression analysis of the mesured data empirical correlation for each noise sub-regions were established
corresponding to:

o Leading edge slats

@) Outboard flap 4.7% DC10 Phased Array Colormap
Ma=0.207,5,=50,5,=20

o Inboard flap edge i

O

l'railing edge and ailerons
SPL (dB)
75

72.8571

« The model requires the geometric and aerodynamic parameters as an input
corresponding to each noise source. E.g. Cl, Cd, angle of attack, “flight velocity, chord.

* What all noise sources have in common is that with increase in angle of attack and the
effective area leads to increase in noise level.

- Slat

- Outboard Flap Side Edge
- Inboard Flap Side Edge
- Trailing Edge

- High Speed Aileron

- Estimate of Nolse Floor

Definition of the noise source sub-regions for
airframe [13]

Sen, R., “Airframe Noise Sub-component Definition and Model”, NASA Contractor Report 213255, 2004.
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Landing Gear Noise .' '

* The model is based on a composite of semi-analytical and semi-empirical correlations applied to three spectral components of
landing gear.

o Low frequency — Wheels
o Medium frequency — Struts
o High frequency — complex small features

« The amplitudes are determined by geometric and flow quantities unique to each component together with common functional
dependencies, such as:
o Mach Number

o Spherical speading
o Convective amplification and atmospheric absorbtion

* The most dominet sources for the LG noise are the the surface pressure fluctuations

o Deterministically determined for low and medium frequency components
o Statistical description is employed for high frequency components

Image adopted from Ref. [1]

Guo, Y., “Empirical Prediction of Aircraft Landing Gear Noise”, NASA Contractor Report 213780, 2005.



