CSA Projekt SAFT - Simulering av Atmosfar och Flygtrafik for en Tystare omvarld

Slutrapport forstudie SAFT

UIf Tengzelius 31 augusti 2016

Det hittills genomfdrda och pagaende arbetet med projektet SAFT har beskrivits i ett antal dokument.
Denna slutrapport avser dels att samla denna information och dels att uppdatera beskrivningen dar
kunskap eller former som paverkar kommande arbete har tillkommit. (Se avsnitt Aspekter pa SAFT-

projektet, tillkomna efter “Komplettering av Projektforslag SAFT” juni 2016 nedan).

Merparten av de tidigare dokument som beskriver malbilden och planerat arbete med SAFT bifogas i
denna rapport. Dessa bilagor ar:

Bilaga 1. Presentation “SAFT, Sammanfattning av projektplan” 2016-08-19

Bilaga 2. "Ansokan for projekt: SAFT - Simulering av Atmosfar och Flygtrafik for en Tystare omvarld”
TRV 2016/15206 - KTH forskningsanslag 2016, Centrum for hallbar luftfart , 2016-04-28

Bilaga 3. Komplettering av Projektforslag SAFT ” Till TFV Portfolj 9-Luftfart 2016-06-23
Bilaga 4. Presentation BNAM juni 2016

Bilaga 5. Delrapport — Forstudie SAFT mars 2016.

Aspekter pa SAFT-projektet, tillkomna efter "Komplettering av Projektférslag SAFT” juni 2016
Det planerade SAFT projektets struktur, férvantade arbetsinsatser och malsattning foljer i allt

vasentligt tidigare presenterade beskrivningar. Strategiska grepp som uppmarksammats under
sommarens forberedelser ar bland annat:

1) En implementering av ECAC doc.29' metodik och algoritmer, med tonvikt pa enstaka flyghdndelser
samt etablering av anvdndarvanlig in-/output och programkoérning. Syftet har ar framst att pa sikt
mojliggora effektiva jamforelser av resultat fran a ena sidan simulerings- a andra fran integrerade
metoder baserade pa ANP-databasen. Men ocksa att erbjuda mojligheter dven for aktorer inom
akademin att orientera sig om och smidigt kunna kora berakningar med ett s.k. integrerat verktyg for
flygbuller, liknande de som anvands operativt av Swedavia mfl.

2) Anvindning av Git?> som versionshanterare for utvecklad SAFT-kod. Detta — kopplat till lampligt
"webbhotell” eller lokal minnesarea — avser att sakerstalla saval en effektiv utvecklingsmiljo for SAFT-
koden med overblickbara bidrag fran flera utvecklare samt backup och smidig tillgang till mjukvaran.

se referens i ndgon av bilagorna nedan
2 https://git-scm.com/



3) Inom omradet “Samverkan och kunskapsspridning” ar avsikten att direkt efter projektstart starta
etableringen av en sarskild SAFT-referensgrupp. Samverkan med andra intressenter har redan
startats med deltagande inom Innovair® samt genom mer informella kontakter med olika aktorer
inom saval akademi, naringsliv och myndigheter.

4) Vikten av flygbullermatningar kopplade till (tidskorrelerade) FDR-data star idag &n tydligare. |
denna fraga ar samarbete dels planerat med systerprojektet Brantare men ocksa med det dnnu inte
fullt ut finansierade ULLA. Férhoppningen ar att ULLA, efter omarbetad ansdkan och projektplan
kommer att beviljas medel och kunna stotta SAFT med data.

For beskrivning av projektet se bilagor nedan.

3 http://innovair.org/ alt. http://www.vinnova.se/sv/Var-verksamhet/Gransoverskridande-
samverkan/Samverkansprogram/Strategiska-innovationsomraden/Strategiska-innovationsprogram/Flygteknik/
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“ 1. Bakgrund — flygbulleridag och i framtiden ...

+ Flygtrafik i saval Sverige sominternationellt bedéms 6ka mp L

+ Forvantad ljudreduktion hos nya flygplan tenderar att plana ut i
+ Okad insikt kring bullereffektersinverkan pa manniskan har L
hojt engagemangethos allmanheten och tillsynsmyndigheter i
= : .
1. Nya atgérder kommer att krévas for att klara av framtidens "
bullerkrav

2. Behov av att béttre forsta och simulera flygtrafik/ljudutbredning
fér att finna de effektivaste sétten att astadkomma buller-

/stérningsreduktion med dagens och morgondagens flygtrafik
Bidrag till Lésning:
SAFT-verktyget, Studier-Analyser-Slutsatser-Atgéarder

2. Malsattning med SAFT

« FEtablera en svensk plattform, SAFT, for simulering av flygbuller
(pa en hégre teknisk niva och mer generellt 8n dagens s.k. integrerade metoder)

« Skapa mojlighet for studier av bullereffekter fran existerande saval
som fran nya procedurer/operationer/flygvdgar/iandningsbanor, nya
eller modifierade flygplan och flygmotorer, samt vader-/atmosférs-
inverkan.

+ Langsiktighet — stdrka svensk forskning: Ett skelett/ramverk for
implementering av metoder utvecklade pa svenska hégskoloroch
universitet

+ Katalysator for att etablera och utveckla samarbefen samt generera
kunskapsspridning inom flygmiljdomradet

SAFT - Sammanfattning av projektplan 19 aug 2016 4(7)



EPNL, ... !

WP6 = System architecture/interfaces, In» and Output data, Testing of complete chain | _
WP7 = Project manag

= “ 3 Plan er. at arbete KTH-MWL och Chalmers (Tillampad Mekanik, Fluid Dynamik)
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4. Samverkan och kunskapsspridning

. Forutom det samarbete som per automatik sker inom SAFT och med ovriga CSAprojekt, avses samverkan
etableras med andra aktorer och intressenter inom flygmiljigomradet.

. Eft steg i denna rikining &r skapandet av en sérskild SAF T-referensgrupp.

. Givna samtalspartners, verksamhetsutovare, avnamare och radgivare utgors bl.a. av Swedavia, svenska
myndigheter inom och utanfor CSA samt det svenska och det internationella forskningssamhéllet.

. For aft stérka kunskapsspridning planeras waorkshops och deltagande | konferenser.

. Presentationer av SAFT 2016, genomfdirda och planerade:

—  (maj) Seminarium KTH-MWL

—  (maj) Vinnova — Innovair mote

—  {(juni) BNAM-Nordic Baltic Acoustic Meeting, Stockholm
—  (sept) Innovair — Arskonferens Innovair, Trollhattan

—  (okt) Aerospace Technology Congress, Solna

—  (okt) CSAWorkshop

. Far eft lyckat genomforande av SAFT ar det kritiskt att kombinerade fidskorrelerade méatdata:
flygplansposition - flyg-‘motortillstdnd (i FDR-data) samt ljudmatningar pa marken, gors tillgangliga for SAFT.
T.ex. genom det foreslagna projektet ULLA.

SAFT - Sammanfattning av projektplan 19 aug 2016
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Projekttitel: SAFT - Simulering av Atmosfar och Flygtrafik fér en Tystare omvarld
(Simulation of Atmosphere and air traffic For a quieter environmenT)

Huvudsékande (KTH):
Projektledare Professor Mats Abom
Forskare: Ulf Tengzelius, llkka Karasalo
The Marcus Wallenberg Laboratory for Sound and Vibration Research
Department of Aeronautical and Vehicle Engineering
KTH, Royal Institute of Technology
SE-100 44 Stockholm
Phone: +46-8-7907944
Email: matsabom@Kkth.se

Medsokande (CTH):
Professor Tomas Gronstedt, TeknD Fakhre Ali
Applied Mechanics, Fluid Dynamics
Chalmers University of Technology
SE - 412 96 Goteborg, Sweden

Summary

In the research project SAFT it is proposed to establish a computational platform which allows for the
simulation of noise exposure on ground from air traffic, taking into account the complete chain: type
of aircraft/engine, trajectory, aircraft-/engine condition, noise generation and sound propagation in
the given weather condition.

Through future studies with the SAFT-tool it is anticipated that adequate means for noise mitigation
could be identified. This could be through studies on existing aircraft/air traffic and procedures as well
as on future engine/airframe technology or forecasted partly replaced aircraft fleet and their
movements.

The SAFT tool is primarily intended to form a complement to today’s so called “integrated methods”,
but will go far beyond those methods when it comes to functionality. Central differences between a
“physics based” simulation tool like SAFT and an integrated tool is that the latter do not allow for a
separation between the individual sound sources on an aircraft, it is neither able to separate the source
at one hand, and the sound propagation on the other, and it do not include any frequency information.
While integrated tools primarily focus on long term noise patterns, typically total yearly air traffic,
simulation tools like the planned SAFT are far better suited for single-event studies of new procedures,
new engines etc.

Another strength is the possibility to include local atmospheric/weather effects in sound predictions.
This option can be used for finding patterns over longer time periods, but also for noise forecasts
equivalent of today's weather forecasts - that is, "Almost real-time forecasting" - which could be used
for trajectory optimisation or as input for ATM decisions on runway use at larger airports with multiple
runways.

The simulation tool SAFT will mainly consist of new computational code blocks and modules, but
some existing programs will be used as well.



Bilaga A(+E)

Description of work SAFT - Simulation of Atmosphere and air traffic For a quieter environmenT

Purpose and aims

The research project SAFT aims at the development of a computation and simulation tool for aircraft
noise. The tool is intended to take into account all the elements in an aircraft type/engine and the
operation of it, along with the atmospheric conditions (weather) at the time for the flight, which effects
the resulting noise on ground (1).

SAFT may, as yet, be seen as a complement to the so-called "Integrated tools/methods", like INM (2)
and ECAC Doc.29 (3), and as such a complement that goes beyond the capabilities of those. The
integrated methods are, despite their well-known limitations such as dissolving effects of individual
variations in flight operations and aircraft/engine design, able to fulfill their purpose to visualize and
guantify noise exposure from an operational activity over longer periods of time (1 year) and to identify
trends.

If the focus of planned studies instead are on noise effects of new approach and take-off procedures,
new or modified aircraft engines or configurations, special or typical weather situations, the integrated
methods have serious limitations. In these situations, one need to decouple the noise sources from the
sound propagation, as well as separate the different noise sources (such as "jet noise", "fan noise" and
"landing gear" etc.). Furthermore, one needs to resolve the frequency content, both in order to carry
out the sound propagation accurate enough, but also to assess the degree of disturbance when the
sound reaches receivers on the ground. The described type of studies could though be possible with
the SAFT tool. SAFT could further on, also be used for "noise forecasts" like today's weather forecasts,
or for noise calculations in "almost” real time, partly based on atmospheric data recorded by the
aircraft themselves. Studies of the mentioned types could in turn be part of noise mitigation studies,
studies related to construction of new runways (including a partly replaced aircraft fleet), building of
new residential areas in the vicinity of airports etc.

Moreover, by establishing a “physics based” simulation platform like SAFT we also aim to support
Swedish aircraft noise research in the long term by providing a framework in which successful research
in the field and newly developed techniques can be implemented and utilized.

Simulation tools — background and survey of the field
Integrated methods and input data versus simulation methods

When "integrated tools" were introduced for noise mapping in the 80s (first INM version came in
1978, first ECAC Doc.29 published in 1986, was initiated in 1982) one had to restrict computational
complexity and data amounts in every possible way due to the limited computer performance and data
capacity at that time. The methodology, which is based on reduced/integrated source and sound
propagation data, was developed according to this situation. Databases, linked to aircraft certification
measurements, well suited to the integrated methods and giving “just enough” information for those,
were established (today found in the ANP - Aircraft Noise and Performance - database with the NPD -
Noise Power Distance - data). This situation, including the relative ease with which calculations may be
carried out, probably pawed the way for this common and transparent way to handle aircraft noise
estimations for airports — today often linked with regulations. Though, as a side-effect, it may also have
contributed to the current monopoly-like situation, with an understandable unwillingness to change
and complicate the governing situation, which in turn reduces the possibilities for simulation-tools to
be developed. A natural reason behind the rather limited availability of more detailed noise data within



open sources is of course also the reluctance to disclose commercial secrets within the aviation
industry, probably most pronounced among engine manufacturers. Despite this, reversed engineering
together with open sources data tend to be sufficient to accomplish most needs for a simulation tool
today.

In this context it is interesting to note that in ECAC Doc.29 from 2005 it is expressed that simulation
methods in the future may be used not only as a research tools, but also as replacements for integrated
approaches:

a) “integrated models represent current best practice” [referring to longtime averages] and

b)  “This situation [i.e., that simulation methods is also used for long-term noise mapping]
may change at some point in the future: 'simulation' models have greater potential and it is
only a shortage of the comprehensive data they Require, and their higher demands on
computing capacity, that presently restrict them to special applications (including research)."

Great efforts with regard to "simulation tools" of the type we outline here, were put in already in the
late 70's and early 80's at NASA in the calculation tool ANOPP (4). Several other national approaches in
the same spirit have been added to the list of simulation tools since then. But, it is only in recent years,
when the computing and storage capacity do not any longer constitute a real obstacle, we have seen
a broader and more intensive development of this kind of codes. Among these initiatives are:

A renewed effort put into an ANOPP2 (5) and the commercial code SOPRANO from the company
Anotec in Spain. This last code was recently used in the Clean Sky project ARMONEA (6). ONERA and
NLR have attached great importance to reproduction and synthesizing of sound from noise events/air
passages in their codes CARMEN (7) and VCNS (8) respectively. University of Manchester seem to have
come a long way with their code FLIGHT (9) as well as DLR with their PANAMA (10). The Swiss research
institute EMPA has previously developed the code FLULA (11) - which involved estimated frequency-
and directivity dependent noise sources for different types of aircraft - and has now taken the step of
individually separated noise sources including weather effects in their new code SONAIR (12).

In the table below we show our view on differences between Simulation- and Integrated methods

respectively.
Simulation tools Integrated tools

Typical application Single event operations Combined fleet, yearly mean
Separated from propagation Merged with propagation
Sound source Semi-empirical, physics-based Measured
Frequency and space resolved No spectral and directivity info available
Very good OASPL data found in the
Source data availability Limited open data available open ANP-database (Noise-Power-

Distance, NPD-data)

Sound propagation Yes - separated from sound source  No - not separated from source

Studies of noise abatement

flight procedures Yes - Possible to simulate No - or very limited possibilities

Yes - Possible to simulate (as well
as listening tests based on these)

Time history for noise events

No — not possible to extract

No - not included (ANP/NPD data
Atmosphere impact Yes - Possible to include established under certain “standard atm.
conditions”)

Yes — possible to simulate new

New technology studies aircraft or engine concepts

No — not possible to include

Computational time Computationally more “heavy” Computationally fast

Table 1. Summary of Simulation versus Integrated tools pros and cons.



Trends in air traffic and aircraft noise situation

A look at trends in Swedish (as well as European and global) air traffic compared with the expected
achievements for the noise reduction through new aircraft technology imply a strong need also for
alternative noise measures. Over a time span of more than 50 years, we have experienced a
substantially increased air traffic. This increase is judged to continue in the foreseeable future.

Antal flygpassagerare i Sverige per ar, 1974-2014 {kélla: Trafikanalys)
ES . . . : ‘ ‘ . . ,1 P X?-Noise 4
ll"'l Noise Reduction Objectives & Technology Paths
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Figure 1. N. of flight passengers in Sweden 1974-2014 Figure 2. X3-noise - Aims for reduction at source

The Swedish Transport Administration predicts a growth of about 3.5% per year (13) and the
government agency Transport Analysis (14) presented the statistics shown in Figure 1 above. Though,
a relieving effect with regard to the trend of noise exposure has been the renewed aircraft fleet. In
Germany, for example, the number of passengers has increased by 168% between 1991 and 2014, but
the number of flight movements only by 57% (15) due to the partly exchanged of fleet — in general
equipped with more silent technology. Figure 2 (from 2010) we see the forecasted “reduction of noise
at the source” and that the expected dB-gain tend to flatten out without technological breakthroughs*
(16), (17). With a lifecycle of a typical aircraft of 20 years or more it would take quite some time to
reach a significant alleviation compared with today’s situation even with “revolutionary technologies”.
In order to have the chance to achieve more noise reduction than what we can expect from “Reduction
of Noise at the source”, i.e. the first of four principal ways to assess noise reduction in ICAQO’s so called
“Balanced Approach” stated in 2001 (18), we need to focus strongly on the third way of the “Balanced
Approach” as well. See Figure 3 below.

e ———
o N

" Reduction of

\ Noise at Source ,'

* Reduction/redistribution of noise around the airport
* Enable full use of modern aircraft capabilities
* Various departure & approach procedures:

0 Displaced thresholds (landing/take off positions)

0 Reduced power/drag and CDA (Continuous Descent

Approach)

0 Limited engine ground running

0 Noise preferential routes/runways
0 SID/STAR and RNAV procedures
optimisation and design

B

Londuse Balanced
oo i Approach

Operating
Restrictions.

Figure 3. ICAQ’s Balanced Approach (19)

4 Up to now we may interpret the Pratt & Whitney PW1000G-series as the one and only breakthrough of this kind.
Comparing Airbus A320 certification data for the A320neo equipped with PW1127G-JM with other lately produced aero
engines, reveal a mean gain of around 3 dB EPNL in each certification point — ca 4.5 dB in lateral point, and around 2-2.5
dB in flyover and approach points (i.e. at least a step of ca 3 dB compared with the ACARE-goals of 10 dB).



Project description

Outline research plan and methods

The SAFT project will stretch over several disciplines and functional blocks. With this situation follows
that the overall data flow, and the interfaces between the blocks, has an equally important role as the
individual functional blocks themselves. In order to identify eventual gaps and shortcomings in the
draft plans an “upside-down” approach will be taken in the sense that the initial goal will be to establish
a “beta draft tool” with focus on the dataflow through the complete chain, trajectory to noise map,
but with rather low initial demands on accuracy in the individual blocks or for the entire system. The
draft SAFT architecture is outlined in Figure 4 and Figure 5 below. First the work packages

(WP)/functional blocks together with the related foreseen input and output flow in Figure 4:

Next, before going to the presentations of approach for the individual functional blocks/WP’s, an
overview of the preliminary tools/methods these different parts will rely on, is shown in Figure 5 below.
Methods are shown in dashed blue boxes, - -, and the related module/functional block are also here

General Input Data
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- ~ CTH input e T et
Ta: Pa, Vs, TKE, . as fon's of alttude and time (and lat, long) Meteorological data I IC data:
(atmosphere profiles) |- Topography

- Ground properties |

WP6 = System architecturefinterfaces, In- and Output data, Testing of complete chain
WP7 = Project management Work and time plan

Figure 4. Overview functional blocks + input/output
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Figure 5. Overview functional blocks + respective supporting methods/tools




The project is planned to last for 2 years and will be a cooperation between KTH-MWL (Marcus
Wallenberg Laboratory for Sound and Vibration) and CTH Turbomachinery and Aeroacoustics. KTH-
MWL is project leader and as indicated in Figure 4 the CTH responsibility is offset towards flight/engine
systems while the KTH responsibility is more directed to noise related matters, though both partners
are involved in the complete computational chain.

As one of the initial steps in SAFT an existing aircraft type, representative for operations at the main
Swedish airports, will be selected. This in order to be a test-case and the first aircraft/engine
combination to be fully modelled in SAFT. This choice of aircraft will fall either on some model from
the Boeing737NG series or on an Airbus A321.

It should be noted that during this 2 year development phase of SAFT there will be no extra effort
spent on establishment of a catalogue or database of several aircraft models able to run. Such actions
are foreseen to be taken in combination with future studies with SAFT where a step by step extension
of the number of aircraft/engine models can be foreseen. Expected during this 2 year project is to stay
at one, or at the most, a few aircraft models.

The principle of "Noise Forecasts” that is planned to be realizable with SAFT have its roots in a
shooting noise tool based on ray tracing that employees at KTH-MW.L have developed for FMV and the
Swedish Armed Forces. This tool is today used on a daily bases at two of Sweden's largest military
shooting ranges (20).

Flight operations and Study input — Work Package 1
Responsible: KTH Duration: 6 months Man months: KTH 2, CTH 1

In this initial functional block the user of SAFT is to decide the general input for the computation:
1. Which aircraft model is to be studied (A321/V2500, ...)
2. The flight mission and type of operation is defined at a high level.
At least two different paths for the input and data flow down to sound source input can be
foreseen here:
a) Trajectory input to manually given by the user.

E.g. take off, approach, landing, - or only a short section or one trajectory point of one
of these - landing gear in or out, curved flight, ... etc. Could include exact or approximate
trajectory coordinates (x,y,z in a Cartesian coordinate system or latitude, longitude and
altitude).

b) Trajectory — coordinates + detailed flight condition data — given by FDR data
3. Type of computation and wanted output (draft choices below)
a. Refractive atmosphere/non-refractive (straight rays)
b. Wanted output and metric(s):
i. Noise map (grid) or limited receiving points (time record)
ii. Noise maps of Lamax only (time records not computed)
iii. Noise maps of Lamax, SEL, EPNL, ...
iv. Population within noise bands [implementation subject to the available
time and resources]
v. (to be defined) ...
4, Ground receiving grid
a. Resolution and extension
b. Receiver height
5. Meteorological input



From standard/sample library without TKE® (choice for non-refractive atm.)
From standard/sample library with TKE (choice for refractive atm.)
From FDR-data (choice for non-refractive atm.)
d. (to be defined: from balloon sounding or else ...)
6. Static data use
a. Ground —hard ground/ground type classification and impedance model
b. Population model [implementation subject to the available time and resources]

o oo

Essential support to the specification of the SAFT-tool needs and requirements will be given by
Novair (Henrik Ekstrand). Contribution will be given as well from the KTH initiated CSA applications
Brantare (21) and ULLA (22).

Flight mechanics & Engine conditions — Work Package 2
Responsible: CTH Duration: 18 months Man months: CTH 6.5

The scope of this work package is to take the input from work package 1, “Flight operations and
study input”, trajectory input specifications through a number of modelling steps:
1. For a given engine architecture and modelling definition predict engine performance for a
number of operating points.
2. Assess the combined engine and aircraft performance allowing to establish the necessary input
for computing the noise sources to be specified under work package 3.

Engine modelling

To develop characteristics for a selected engine a number of generic steps can be isolated:

e Collect public data of engine. This can correspond to data released by the engine manufacturer
(23). For instance the engine architecture (two spool/three spool/geared), and performance
data such as thrust and SFC in cruise and take-off conditions.

e Estimates on the technology level available at the time of the engine entry into service will have
to be defined. This entails defining turbomachinery efficiencies, material capabilities and
metallurgical limits, cooling technology, aerodynamic design limits.

e Complement the technology estimates with data made available in engine certification tests (if
the engine is an existing engine and not a future concept)

¢ Implement compiled data to model the engine in a 1D engine performance tool (a schematic of
typical turbofan model is presented in Figure 6 for demonstration purpose only). Here, the
Chalmers in-house tool GESTPAN (GEneral Stationary and Transient Propulsion ANalysis)

(24) will be used to acquire thermodynamic cycle performance data corresponding to the
selected engine model. The GESTPAN tools has been developed over the last two decades in a
number of national and EU research programmes.

e To match the engine with the available data (collected through public domain) the model has to
be executed both in design (frequently top of climb operating point) and a number of off-design
points (take-off, cutback, cruise, approach, ground idle, top of descent etc.). To set up a reliable
and accurate model it is usually quite important to balance input from a number of sources and
operating conditions.

e Interact with aircraft model either linked or through tabulated data based on stand-alone
simulations.

5 Turbulent Kinetic Energy — needed input for sound-shadow propagation model, computed and given in e.g. SMHI-
forecast data



e Use thrust input from aircraft modelling and performance model together with a conceptual
engine design to establish necessary data needed for noise modelling. This frequently requires
resolving flows in the engine to define local flow speeds such as Mach numbers and blade
speeds of turbomachinery components. Jet velocities and turbomachinery blade speeds.
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Figure 6. Illlustration of a typical Turbofan component model schematic
Aircraft modelling

e Collect weight and geometric data of aircraft configuration to establish the aircraft
performance in a number of mission segments defining lift and drag estimates as dependent on
the current configuration of the vehicle (clean, flaps settings, landing gear down etc.)

e Use “Flight operations and study input”- data from work package 1 to define the trajectory
simulations.

e Use tabulated engine data or linked aircraft engine configurations to perform simulations
generating the input for evaluating the noise sources.

WP2 output supporting M1: Demonstrate an initial coupled A321 /V2500 aircraft engine modeling
environment, providing necessary input for evaluating the noise sources in WP3. This milestone targets
an initial evaluation for an approach condition.

WP2 output supporting M2: Validated A321/V2500 modeling providing necessary input for noise
sources in WP3 covering all significant flight phases of a typical mission.

Here Novair (Henrik Ekstrand) is planned to be a contributor of input FDR-data.

Sound sources — Work Package 3
Responsible: CTH Duration: 18 months Man months: CTH 6.5, KTH 2

Our approach here is to start out from the set of semi-empirical noise sources given in different
ANOPP references (25) and prepare for future step-by-step implementations of new or further
developed noise-source models found in the literature. This holds for engine related noise sources as
well as for airframe noise sources. An upper level architectural representation of the intended
integrated aircraft-engine system level source model is presented in Figure 6 respectively.



e The selected aircraft and engine configuration (defined in WP1) will be modelled, operating
under representative operational conditions (defined in WP1/FDR data).

e The sound pressure level corresponding to various aircraft and engine component level (Fan,
compressor, combustor, turbine, jet, landing gear, airframe, etc.) will be derived and verified with
trends acquired based on the theory.

e All noise sources will have directivity resolved in lateral and longitudinal direction as well as in
frequency and time. The frequency resolution will be in 1/3-octaves and the span 50 Hz — 10 kHz.
For narrow band (tonal) sources, e.g. parts of fan noise, special handling has to be facilitated
throughout the computational platform.

e Furthermore, the model will be deployed to make total noise level predictions (Effective
Perceived Noise Level - EPNL) corresponding to the three certification points (Lateral, Flyover and
approach defined by ICAO) and the acquired predictions will be benchmarked against the noise
level measurements provided by the ICAO data.

The WP3 output will support the detailed sound propagation studies that will be carried out in WP4.
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Figure 7. An upper level architectural representation of the intended integrated aircraft-engine system level source model

For the validation of sound sources FDR-data is planned to be used together with time correlated
sound measurement data. The FDR-data is to be delivered by Novair (Henrik Ekstrand) while
measured noise data will come from ULLA.

Sound propagation — Work package 4
Responsible: KTH Duration: 18 months Man months: KTH 10

Based on the pre-study SAFT (1) the first choice of sound propagation method to select, further
develop and fit to the specific needs for air traffic, will be of the ray-tracing type (26). Field methods,
such as PE-based ones, might as well be used, but probably more for validation purposes than to be
run by the end user of the SAFT-code (27). The main reasons for this preliminary decision are: a) the
relative simplicity to couple a ray-tracing algorithm to a directive and frequency dependent source; b)
the computational speed and c) the possibility to apply an (semi-empirical) analytical approach for
refraction/diffraction of sound energy into acoustic-shadow zones (28), (29).



The strong demands on computational efficiency are based on several factors:
- Relatively high spatial, time- and frequency resolution are needed for the source.
- The same holds for the receiving grids, especially if integrated noise metrics or time records are
required over dense/large grid areas for long lasting missions/trajectory with a short time steps.
Some preliminary proposed ways to reduce computational time have been considered:
- Differentiated complexity/accuracy linked with user input:

O straight rays - only humidity/dissipation effects final noise levels beside the geometric loss
of sound energy (spherical propagation)

0 Medium: noise metric Lamax chosen - no data but max levels has to be saved between time
steps - ray-tracing (refractive propagation) 2D computational planes radially out from
current aircraft/source position, random ground-hits for rays. Interpolation of levels to final
Lamax Noise map.

0 Full: for noise mapping of integrated noise metrics or (primary) time-records in all
receiving/grid points — ray-tracing eigen-ray solver, individual 2D computational planes for
each receiving point. Iteration start values rom previous trajectory/receiving point
combination.

- Resampling to coarser trajectory time records and interpolation of noise levels between those.
- Limiting noise-event time extension in grid points (-10 dB estimate) before start of computation.
- Multi-processor parallelisation of computations

=

Figure 8. Example noise map produced with pre-study SAFT tool.

X SFigure 9. Ex. trajectories, CDA (green), "Standard” (blue) altitude — both
caled a factor 10 in altitude, together with sample grid.

Noise mapping (+ sound synthesis) — Work Package 5
Responsible: KTH Duration: 18 months Man months: KTH 10

In the SAFT pre-study draft methods for noise mapping and results presentation was surveyed. Based
on the study it was decided to select the Google Earth (GE) as the primary output GUI, and the GE kml-
file format. This choice has the advantages of full 3D-presentation of trajectories together with noise
maps as well as a possibility to simple dissemination of results. A risk here is that GE in the future goes
from freeware to strictly commercial software.
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The noise mapping is closely linked with the ground-grid meshing. A partly automatic gridding method
is planned to be developed. Based on trajectory ground tracks a “grid-ground” track, solely built up by
straight lines and circular segments, is established. The idea is that the user give as input the desired
width and resolution beneath one or more trajectory points. Curved grid sections keep a constant
width and resolution while the straight sections might be given a conical shape, widening with
increased trajectory altitude.

In this planned part of the SAFT development it will be possible to save and post-process noise spectra
as well as noise events saved as time records. l.e. the code will be prepared to facilitate noise
synthetisation in the sense that needed basic data could be produced but no attempt to re-sample the
time-records and adding eventual tonal components for listening tests will be taken during this project.

System architecture/interfaces, In- and Output data, Testing of complete chain - Work Package 6
Responsible: KTH Duration: 24 months Man months: KTH 4

The general outline of code blocks and supporting programs is shown in Figure 5. This work package
is intended to ensure that: 1) the planned division into different blocks is sufficient or if it should be
modified; 2) different parts of the tool can communicate with each other, and 3) whether the need for
support tools and requirements for data transfers between the blocks can be met.

The basic program language for established new code blocks and interfaces will be Matlab. Already
existing code-blocks, written in other languages and going to be a part of main-program SAFT, will be
capsuled as mex-files. Where this step is not found applicable the needed code block has to stay as a
separate supporting program outside main-SAFT code (or translated to Matlab if found possible).

Experiences from a previous establishment of a noise forecasting system (weather dependent
artillery noise) will be exploited here.

For input data the following sub-sections holds that they all involves:

- specification of data needs, type and format

- identification of sources of these data

- acquisition of data and finally

- programming of computer routines to read and process these data

FDR-data — cont. Work Package 6

When it comes to input data a crucial point is FDR-data. This work package is about ensuring that
FDR-data is made available. Specification of wanted data, request for enough and correct data as well
as analysis and application of FDR-data.

FDR-data acquisition is planned to be the responsibility of SAFT’s sister project Brantare, see ref. (21).
The FDR-data itself is to be delivered by Novair (Henrik Ekstrand).

Meteorological data — cont. Work Package 6
Preliminary data, possibilities and limitations for the different sources of atmospheric data:

- SMHI: HIRLAM or AROME model based data (30). Data needed in the development phase of
SAFT, covered by this proposal, is supposed to be handled by the sister project ULLA (22).
0 The project group have good experiences of implementing HIRLAM and other
meteorological data in noise propagation models
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0 Before end of year 1 of the project a decision with regard to establishment of special
local meteorological models has to be taken, a need or an option? If regarded a need
subcontracting will be actualised

- FDR data - limitations/possibilities with regard to meteorology data (see FDR-data above).
- Sounding — balloon or SODAR possibilities?

During the first year of the project it is planned to use sample meteorological data already at hand
at KTH.

Other non-flight system data — cont. Work Package 6
Preliminary data and preliminary data resources options.

- Topography data, “Lantmateriet” 50 m grid resolution - free

- Ground type data (to be used as input to ground acoustic impedance models) - free

- Population distribution data, free data exist but for more detailed data this will involve an
extra cost.

Testing of complete chain- cont. Work Package 6

This part involves a validation of the complete chain — including testing against measurements and
FDR-data anticipated in proposed CSA sister projects ULLA (“Understkningar medelst Ljudmatningar
vid Landningar pa Arlanda”) and Brantare respectively.

Project management and time planning - Work Package 7
Responsible: KTH Duration: 24 months Man months: 2

Gant-chart and man months distribution

2016 2017 2018 Man months
Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 KTH CTH total

WP1 ﬁ 2 1 3
WP2 _l__—* - 6.5 |65
wpP3 .'_'_’_'_’_‘.z 6.5 |85
WP4 _’_'__'_H 10 - 10
WP5 1—'—'—'—'—010 - 10
e mE
s

total 30 14 44

Table 2. Time table and man months
Deliverables: Month12 — Half-time progress report
Month24 — Final report
The reports will be public and presented at seminars as well as at conferences.

Milestones: Month 12:  Alpha versions of SAFT modules as of WP1 to WP5 able to run individually
and together
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Responsible: CTH module 1 to 3, KTH module 4 to 5 and combined 1 to 5

Month 24: 15t version of SAFT. Modules as of WP1 to WP5 able to run individually and
together. SAFT will be available for all CSA partners as well as CTH.

Responsible: CTH module 1 to 3, KTH module 4 to 5 and combined 1 to 5

Co-operation with other KTH applications

The CSA vision is to establish a world leading Swedish research on air traffic management that
enables environmental impacts in particular noise to be minimized. In order to contribute to this the
KTH partner in the centre has taken the initiative to four interrelated but still independent projects
(SAFT, ULLA, Brantare and INFRA). Each of these projects contribute important parts to the centre
vision and their relations with SAFT are described below.

ULLA — “Undersékningar medelst Liudmdtningar vid Landningar pé Arlanda”

SAFT will support design of the planned measurements, and vice versa with regard to measurements carried
out, which results will be applied for noise source model validations.

Brantare

Beta-versions of SAFT will be applied for studies within Brantare while Brantare will support SAFT with FDR-
data and knowledge of system aspects such as operational routines and deviations as well as aircraft
configurational issues.

INFRA

While SAFT will have a two-way interaction and exchange with the projects ULLA and Brantare the
interaction with INFRA will be mainly one-way, i.e., as a new tool the impact and use of which should be

analysed in INFRA (31).
: @FRD
_—_____/

_'_'_.-__\_\_\_\_‘—‘_‘\

Brantare

. SAFT

-

Figure 10. Interdependencies among the four KTH applications.

Project reference group

This group will be set up during the first 3 months of the project. The purpose is to get feedback from
potential users of SAFT and to link to related research for instance in EU.
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Bilaga B
Budget SAFT

The project duration is 24 months with a planned start date July 1st 2016.

Staff Role Man-months Cost (SEK)
KTH

Mats Abom Project leader 2 400.000
Ulf Tengzelius Leader WP 1,4,5,6 24 3.400.000
lllka Karasalo Researcher WP 4,5,6 4 630.000
CTH

Tomas Grénstedt Leader WP 2+3 2 400.000
Fakhre Ali Researcher WP 1,2,3 12 1.100.000
Travel 30.000
Total 5.960.000

The costs are based on the actual salaries (2016) for the involved persons including social taxes and
the university overheads. The travel is to cover trips (train) between Stockholm and Goteborg for the
project personnel during 2 years.

The cost for the two PI:s (professors) involved Mats Abom, KTH and Tomas Gronstedt, CTH will be
considered in-kind from KTH and CTH. The total amount applied for is therefore: 5.160.000 kr.

Based on the total number of man-months 44 this cost corresponds to a project cost of 1.407.000 kr
per man-year.
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KTH:
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ABB Corporate Research, Vasteras, Sweden. Specialist and main project leader for acoustic related projects.
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Professor in Fluid Acoustics, KTH from September 1:st 2000.
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Head of the Marcus Wallenberg Laboratory for Sound and Vibration Research, KTH.

2011-2017  vice-Director Competence Centre for Gas Exchange, KTH-CCGEXx.

2014-2016  vice-President European Acoustical Association

2015- Director Centre for Sustainable Aviation, KTH-CSA
Education

1978 MSc Engineering Physics, KTH

1989 PhD Technical Acoustics, KTH

1995 “Docent” Technical Acoustics

Research, Publications: Focus on aeroacoustics, ducts and noise control for vehicles. A total of over 2300
citations (h-index 23), scholar.google.se/citations?user=NOz2tEMAAAAJ&hl=sv. Co-author of 9 patents.
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Current Position
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Post-doctoral Research Fellow, Chalmers University of Technology, Applied Mechanics Department, Fluid
Dynamics Division, Gothenburg, Sweden.
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Dr. Fakhre Ali has published more than 20 papers on scientific journals and international peer-reviewed
conferences since 2013 and was awarded with the ‘American Society of Mechanical Engineers, International
Gas turbine Institute, Young Engineer Award in June 2015. His current research is focused on understanding
the subsonic aircraft system level noise and towards development of analytical methods for modelling existing
and advanced system level concepts targeting reduction in aircraft total noise level.
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Kabral, R., Rammal, H. and Abom, M. (2013) Acoustical Methods for Investigating Turbocharger Surge. SAE
Technical paper 13NVC-0075.
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Conceptual Turbomachinery Design”, ASME Turbo Expo 2013, GT2013-95833, San Antonio, Texas, USA.

Gronstedt, T., Irannezhad, M., Xu L., Thulin O. and Lundbladh, L., “First and Second Law Analysis of Future
Aircraft Engines”, ASME Turbo Expo, GT2013-95516, San Antonio, Texas, USA.



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
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Komplettering av Projektforslag SAFT

| Protokoll fran CSA:s styrelsemote pa KTH den 3 juni 2016 (daterat2016-06-13) framgar att projektansdkan
SAFT har beviljats finansiering men att man fran CSA:s styrelse 6nskar att projektforslaget kompletteras med
beskrivningar av:

1. Planerad samverkan med andra parter och projekt (Brantare och ULLA)
2. Hur tidigare forskning tillvaratas
3. Hurresultaten kommer att nyttiggoéras

Dessa kompletteringar foljer nedan.

1. Komplettering med avseende pa “Samverkan med andra parter och projekt (Brantare och ULLA)”
Ur anstkan SAFT:

“Flight operations and Study input — Work Package 1

..2. ... b) Trajectory — coordinates + detailed flight condition data — given by FDR data

...5. Meteorological input ... c) From FDR-data

... Essential support to the specification of the SAFT-tool needs and requirements will be given by
Novair (Henrik Ekstrand). Contribution will be given as well from the KTH initiated CSA applications
Brantare and ULLA.”

“Sound sources — Work Package 3

For the validation of sound sources FDR-data is planned to be used together with time correlated
sound measurement data. The FDR-data is to be delivered by Novair (Henrik Ekstrand) while measured
noise data will come from ULLA.”

“Testing of complete chain— cont. Work Package 6
This part involves a validation of the complete chain — including testing against measurements and
FDR-data anticipated in proposed CSA sister projects ULLA and Brantare respectively.”

“ULLA
SAFT will support design of the planned measurements, and vice versa with regard to measurements
carried out, which results will be applied for noise source model validations.”

“Brantare

Beta-versions of SAFT will be applied for studies within Brantare while Brantare will support SAFT with
FDR-data and knowledge of system aspects such as operational routines and deviations as well as
aircraft configurational issues.”

..” SAFT will have a two-way interaction and exchange with the projects ULLA and Brantare”

Komplettering/fortydligande:

Centralt for att nd basta mojliga resultat i SAFT, vad géller validering av hela simuleringskedjan: flygplanets
konfiguration, drift-tillstand motorer 6ver simulering av ljudkallor och ljudutbredning till ljudniva pa marken,
bed6ms vara tillgangen pa FDR-data (Flight Data Recorder). Ur FDR-data finns mdjlighet att plocka fram exakt
position, hastighet(er), motorpadrag, klafflige och landningsstallsposition och dven vissa meteorologiska data.
FDR-data utgor den noggrannast mojliga beskrivningen av ett flygplans trajektoria inklusive alla parametrar



rorande flygplanet. Steget ner till transponder- eller radardata &r avsevart i detta sammanhang da dessa
huvudsakligen ger information om flygplanets position.

Men, i vart eller liknande fall, d.v.s. vid uppbyggnaden och trimningen/valideringen av en flyg-
/bullersimuleringskod som SAFT, racker det troligtvis inte med FDR-data i sig. Har bor man ha tillgang till
tidssynkroniserade ljudmdtningar pd marken fran motsvarande flygningar fran vilka FDR-data harror for att
kunna tillgodogora sig dessa data for validering av modeller for ljudkallor. Klafflagen och landningsstalls
(infallt/utfallt) Idgen och aktuellt motorpadrag kan da, med hjalp av radande atmosfarsdata relateras till
uppmatta ljudtryckssignaler pa marken. Sammantaget &r alltsa dessa ljudnivamatningar (planerade i ULLA) av
stor vikt for SAFT utover tillgang till FDR-data.

Tanken ar att metodiken och upplédgget for ljudmatningar i ULLA tas fram i samrad mellan alla tre projekten
SAFT-ULLA-Brantare (behov av matpunkter/mikrofoner, placering, riktningskansliga arrayer/identifiering —
uteslutning andra kéllor, matsystem, bemanning, strémforsorjning, utvardering — 6vriga 6nskemal och krav fran
Brantare och SAFT pa matdata).

Foérutom via matningar och ULLA kopplar projekten SAFT och Brantare direkt till varandra genom att
testversioner av SAFT ar avsedda att koras for att simulera och ge input till utvardering av olika inflygningsfall
som konstaterats vara relevanta i Brantare.

Pa samma satt forvantas SAFT kunna ge input till ett framtida potentiellt uppféljningsprojekt till Brantare dar
flygprocedurer med 6nskvard bullerprofil definieras med hjalp av SAFT verktyget, och sen utvarderas i verkliga
flygningar, vilka i sin tur, baserat pa den metodologi som skapas i Brantare, dérefter utvarderas med avseende
pa flygoperativa prestanda.

2. Komplettering med avseende pa ”Hur tidigare forskning tillvaratas”

Har kan konstateras att de deltagande parter inte bara har en lang och gedigen erfarenhet, bade fran nationella
och EU-projekt, av aktuella forskningsomraden, sarskilt flygsimulering inklusive detaljerad flygmotorteknik
(CTH), stromningsakustik (CTH), fysikalisk beskrivning och modellering av ljudkallor (KTH), atmosfarsberoende
ljudutbredning (KTH) utan ocksa praktisk anvandning av tidigare uppnadda forskningsresultat. CTH i nara
samarbete med flygindustrin (t.ex. GKN), KTH-medarbetare har nyligen implementerat sina forskningsresultat
och utvecklat ett unikt bullerprognosverktyg som anvands dagligen inom det svenska forsvaret. Dessa exempel
pa hur utférd forskning tillvaratas genom tillimpning inom industri och myndighetsverksamheter liknar det
scenario vi forvantar oss med SAFT. Tidigare forskningsresultat, relaterat till ovan ndmnda omraden, kommer
att vara direkt applicerbara i SAFT vilket mojliggor “ett avstamp” fran en redan hog teknisk-vetenskaplig niva.

3. Komplettering med avseende pa: ”Hur resultaten kommer att nyttiggoras”

Ur ansdkan SAFT:
“Summary
"7:hrough future studies with the SAFT-tool it is anticipated that adequate means for noise mitigation
could be identified. This could be through studies on existing aircraft/air traffic and procedures as well

as on future engine/airframe technology or forecasted partly replaced aircraft fleet and their
movements”

“Purpose and aims
... hoise effects of new approach and take-off procedures, new or modified aircraft engines or
configurations, special or typical weather situations ...



... ‘noise forecasts’ like today's weather forecasts, or for noise calculations in almost real time, partly
based on atmospheric data recorded by the aircraft themselves. Studies of the mentioned types could
in turn be part of noise mitigation studies, studies related to construction of new runways (including a
partly replaced aircraft fleet), building of new residential areas in the vicinity of airports etc.

Moreover, by establishing a “physics based” simulation platform like SAFT we also aim to support
Swedish aircraft noise research in the long term by providing a framework in which successful research
in the field and newly developed techniques can be implemented and utilized.”

Raderna fran ansdkan ovan kan sammanfattas och kompletteras med:

De férvantade resultaten fran forskningen och arbetet med att bygga och etablera SAFT-verktyget &r:

1. En berdkningsplattform (kallad SAFT) som mojliggor simuleringar av flygoperationer och dess avtryck i
form av ljudnivdkonturer pa marken som funktion av givna atmosfarsférhallanden.

2. SAFT verktyget kommer efter projektets slut att goras tillgdngligt for centrets alla partners for att
anvandas praktiskt eller for nya forskningsprojekt. En ambition fran KTH och CTH kommer ocksa vara
att anvanda detta verktyg inom ramen for kommande EU-projekt.

3. Med lampliga forslag pa studier, och genomférandet av dessa med hjalp av SAFT, forvantas underlag
for bullerreducerande atgarder kunna skapas. Och i férlangningen daven implementeras — till gagn for
boende och andra stérda av buller kring flygplatser saval som fér verksamhetsutdvare samt
organisationer och enskilda individer som pa ett eller annat satt ar beroende av att flygtrafik kan
uppratthallas i 6nskad omfattning.

4. Syftet ar att SAFT gors generellt i den meningen att mer eller mindre godtyckliga framtida
flygbullerstudier med verktyget ska vara mojliga. Antingen med aktuell version av programmet eller
efter utokning med onskad funktionalitet. | detta inbegrips t.ex. olika typer av studier av framtida
flygplans- och motorkoncept (indata for flygbanor, procedurer konfiguration, ljudkallor for olika delar,
motor-, klaffar m.m. far i dessa fall i olika grad faststallas utanfor SAFT-paketet). Vidare forutses olika
operationella studier med befintliga flygplanstyper, bade for approach, take-off vara av intresse,
mojligen aven for olika en-route fall.

5. Utodver dessa koncept- och procedurstudier kommer rena atmosfars-(vdder-)effekt/buller studier med
SAFT vara genomférbara och sannolikt efterfragade. Dessa kan forstas vara intressanta dven i
kombination med koncept och procedurstudier, t.ex. optimering av flygbanor med avseende pa olika
atmosfarsprofil-fall. Ett exempel pa intressant studiefall &r studier/optimering av bananviandarmonster
pa Arlanda m.a.p. bullerexponering och radande vader.

6. Vid sidan om ovan namnda resultat forvantas SAFT dven kunna ha rollen som “ryggrad” for metoder
applicerbara inom flygbulleromradet. D.v.s. istéllet for att berdkningsmetoder som utvecklas vid
svenska universitet och hogskolor ska riskera att “glémmas” bort, trots sin potential, ska SAFT ge
mojligheten att dessa kan komma till anvdandning genom koppling och anpassning till SAFT-paketet. Pa
sa vis stottar SAFT dven en langsiktighet inom den svenska flygbullerforskningen.

7. Visionen ar att SAFT pa sikt skall bli internationellt erkdnd som en av de basta tillgdngliga modellerna
for att modellera flygbuller.
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- 1. Background - general air traffic noise situation

Air traffic increases ... while expected noise reduction at the source tend to flatten out

Number of passengers per year in Sweden (source: Trafikanalys) \n e S
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. cont. 1. Background— CSA Centre for Sustainable Aviation

* Increased noise problems around Arlanda airport -
complaints from neighbours

= Renewed environmental permit - legal process - conciliation
- support research - CSA formed

+  CSAboard:
- Swedish transport administration
= Swedavia

. LFV Air Navigation Services of Sweden
.  The Swedish Transport Agency
. KITH
+  SAFT pre-study
+  main SAFT application 2 year 30 April — decision & 21 June ‘.;;

55 . where:
"Noise Limits”— Guidelines from Swedish EPA: 55 dBA FBN (outside) ig: gg :g: FBN = Lagqizens leVEIS With noise
' eventsat night weighted with a factor 10
permit  ang during evenings a factor 3 (= DNL)

( outside: 70 dBA ", inside: 30 dB Laggzanesy OF 45 dBAm,, at night )




" cont. 1. Background - Ongoing legal process Arlanda airport

FBM (DNL) | Maxlevel

s ! Comments and Amendments
(integrated

level

To be applied in processes regarding:
-Sound isolation of houses
-Environmental permit for airports

") 70 dBA. s dthe g apply might be ged?).
1. Max 16 occasions 06.00 - 22.00, and
2. Max 3 occasions 22.00 - 06.00

Guidelines - Parlament decision
2015-04-09 S5 70"

- 65 dBA.,, governing imit when aircraft could leave SID over populated areas (condition 5)
Local court judgement
Tingsratt Deldom "85 Appeals{among others):
2013-11-27 -Swedavia: 70dBAmax instead of 65, sound isolation > FBN 60 dBA
-SNV: 60 dBAmax instead of 65, sound isolation > T0dBA_,,

Royal court judgement Stit: - 65 dBA g Ot g imit when aircraft S over areas
Mark-och Miljooverdomsiolen “gs* :
2014-11-21 - ‘sound isolation > FBN 55 dBA, >B0dBA_,, daylevening, >7T0dBA_,,
(into force may 2015) - prohibition ding straight h ay D1R replaced with a softer condition

Local court negotiations — . - . =
Tingsratt 2016-05-25 65" Condiion 5. Result: no change so far - still 65dB in this special case ...to be continued...?

cont. 1. Background

Means to improve the anticipated noise - situation ICAO (2001):

* Reductionredistribution of noise around the airport

,” e N * Enable full use of modern aircraft capabilities
[ et Gl * Various departure & approach procedures:
b ~N_— < o Displaced thresholds (landing/take off positions)
= Reduced power/drag and CDA (Continuous Descent Approach):|- N
e Balanced i, o Limited engine ground running

Planning and Operational
R Approach Procedures = Noise preferential routes/runways

= SID'/STAR? and RNAV? procedures optimisation and design

Restrictions Oporating procedunes

—— Operatr
(arpe mpOMOSChen )

SAFT:. An aircraft environmental noise simulation o ;
ok peroach G

tool which enables atmosphere dependencies to be 3;,;?._\‘ e
included ey N

\
m‘\‘\- ~——

thre

Clrmb thrust management



[E] 2 SAFT objectives

+ Establish a computational platform for aviation noise

*  Aversatile sound simulation toolbox that can account for the
complete chain:
flight trajectory —
flight mechanics and engine conditions —
individual sound sources —
atmosphere dependent sound propagation

Including means for effective gridding, noise mapping and noise event time history
presentations

-

*  Supportfuture air traffic noise studies — operations as well as new aircraft concepts

+ Generate new knowledge and support dissemination of this as well and finding means
for aircraft noise reduction

In the long term: A “back-bone”for implementation of new methods and researchresults
within the field of aircraft noise— support Swedish researchin the field

' 3. Simulation tool vs. "Integrated methods”

. The type of computational tools routinely used for noise mapping around airports are named “Integrated
methods”, such asINM or methods like ECAC Doc.29.

. These "Integrated methods” (also called "Segmentation methods") differs from the "Simulation tools”, like
the planned SAFT in the following ways:

Simulation tools Integrated tools
Typical application Single event operations Combinedfleet, yearly mean
Separated from propagation Merged with propagation
Sound source Semi-emprrical, physics-based Measured
Frequency and space resolved No spectral and directivity info
e niren data availahili . ; Very good OASPL data foundin the open ANP-
Source data availability Limited open data available i T P e D ey

Sound propagation Yes - separatedfrom sound source No - not separatedfrom source

Studies of noise abatement flight

peocadiires Yes - Possible to simulate Mo - orvery limited possibilties
~edu -

Yes - Possible to simulate (as well as

Time history for noise events J iistening tests basedonthese)

No —not possible to extract

e = No - notincluded (ANP/NPD data established
Atmosphere impact Yes - Possible toinclude undercertain “standard atm. conditions”)

Yes — possible to simulate new aircraft
or engine concepts

Computational time Computationally more “heavy” Computionally fast

New technology studies No - not possitletoinclude




. . 4. The planned simulation tool — SAFT
a
} e e ——— KTH input -
£ E CTH lnput B P lglai?caat;‘ -
z ; ; Meteorological data : 1
S Ta. Pa. ¥, TKE, ... 88 fcn's of altitude and time (and lat, long) (Amosphere profies) I- Topography '
- i I b Ground properties I
- WP1 WP2 WP3| WP4 | 1™~ TWp5 1~y Popation density |
§ Flight operations Flight mechanics & Sound Sound [ Noise mapping Studies:
=7 | &Study Input : Engine conditions : sources : propagation : (+sound synthesis) : - Operations
oL [ ] | Bengy , |- New engines
el PR — | —— = —— R PR - T ]
2 [ ACKEnginesioad ||| Detailed trajectory il ISound intensity at 1 m, | | Sound spectrumand | 1
- Flightpath, || data: | Lam(@6t..0) || SPLtmehistoriesin ! _ _ _ _ _ -
I Operation -flight conditions | | &=indexindvidualsource | L _ ground grid I - | 7 Noise Effects |
= I procedures 1|1 - engine conditions | ]I,e. engine: fans, turbines, | = = o o o i )
S | (approxalt, iat long || I (thermodynamicandfiow | |{:E&fhb ir;:rlrl’rame:l‘lans. I I~ \oise mapsand | 1I” SUPIP:: !
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' cont. 4. The planned simulation tool - SAFT ~ WP® = System architecture/interfaces, In- and Output data, Testing

| supported by local meteo-modelsand | =T -——"
(DraftfTools to | meteo-data from FDR (Flight DataRecorden) | [ Meteorological data ISt?rggograat:ﬁv !
s A s me (atmosphere profiles) : e 1
|- Ground properties
——————————— - Population densi
~ wP1 WP2 wP3l wpal ;T wps T L epuetondensity|
g Flight operations |4 Flight mechanics & - Sound = Sound |+ Noise mapping [ Studies:
T - & Study Input Engine conditions sources propagation (+sound synthesis) - Operations
& T T | ] " - New engines
s L . mememaem e == === L L
2 [~ = —'— — — — = | Airframe data, Static(geometry): | = — = — — — — — [ -
2 |1 Manually defined | |- AC manufacturer material ! . K"’"”C“a'm ! I I... — -
| or from (i ) I, implementationsof | _ — — — — P [ |
Flight simulation tool ' ' Engine Design data (geo.) | | NASA-ANOPP semi- | ! Ray-tracing + ) I Primary step:
. |! (eq Aibus —PEP) |- Pubiic iiterature j ! empiricalmodels | | PE-tools (e.g. " | Google Earth used for |
= or from I |- Certification data I constitute a base. ; | in-house KTH- ' | 3D-presentation of I
< {1 Realflight data from | | pynamic data: I _ Newermodels | MWL toos). I | iso-dB contoursand |
i | FDR (FlightData | - Aircratt flight simulation tools 1 1 included step by step. | atic | | flight trajectories
% |1 _ Recorden | (eg.ArusPEP.GISO Chaimers) | | pianging ofmoving | | groundgid | (kmHormat
5‘ ‘33'3231"3"&3'32|msasm;' | sourceinclfrequency : j generation from | | (Secondary step: |
¢ | or directly from | ichange due'to Doppler '_gn.ren trajectory | I Time record
=3 ¢ FDR-data I | shift. e R e e l processing in Matlab) I




. cont. 4. The planned simulation tool — SAFT

Flight mechanics &
Engine conditions

+  Collectpublic data of engine

» Estimates on the technology level

» Data made available in engine certification
tests

*  |Implementcompiled datato model the
engine in an engine performance tool

*+ CTHtool GESTPAN (GEneral Stationary
and Transient Propulsion ANalysis) - acquire

Inlet

thermodynamic cycle performance data GESTPAN {Gﬁnera! Stationary and Transient Pmpu.fsianNatysis)
*  Match engine modelwith opendata —in oot Tuolen componeiit modetschenmeie
design and off design pts

+  Link with aircraft model
+  Run aircraft + engine performance modeltogether with a conceptual
engine designto establish necessary data needed for noise modelling

. cont. 4. The planned simulation tool — SAFT

Fightmeehanics | = s
& Englne conditions w 2 MODULAR DESIGN

¢ Collectweight and geometric data
of aircraft configuration

in a number of mission segments
defining lift and drag estimates as
dependent on the current
configuration of the vehicle (clean,
flaps settings, landing gear down
etc.)

e Use tabulated engine data to |
perform simulations generating | :
noise source input data '

e Establish the aircraft performance : oTeTe




Typical semi-empiric source
expression:

Sound sources

(pz)'— " D(0,4) F(S)
4nR* (1-M.. cos8)?

I1* nondimensional acoustic power
D directivity function

F  spectral shape function

M, Mach number

R-

nondimensional physical propagation
distance R (normalized by wingspan)
6,¢ polar and azimuthal directivity angles

JL
St =
M. a..

[ frequency
a. ambient sound speed
L characteristic length of sound source

(1-M..cos0)

cont. Sound sources

Open data:

cont. 4. The planned simulation tool — SAFT

Engine:
Fan
Compressor
Combustor
Turbine

Jet

Airframe:

Flaps

Slats

Rudders
(Boundary Layers)
Landing Gear

cont. 4. The planned simulation tool — SAFT

i

Aircraft noise source breakdown example

» Aircraft Noise and Performance (ANP) Database

+ EASANoise Database

i

o

B

T
w
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Fig. ref A Flippone / Progress In Asrosoace Sciences 63 (2014) 27-63

-l-zm

1 Aiframe noise

A
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. cont. 4. The planned simulation tool — SAFT Comparison measured and predicted atm. data

Meteorological data Mepsured Prediciad
(atmosphere profiles) — -
Humidity ;: - ;: 1=
Measured Predicted &< e
g E : ) L :'E % Ll ._-:___;N; '_A-l’:_ e % = ..:_HN " (]
1 1 5 Temp
i i
19 - o m - 19 - - " Y :::L:': . E§
wea IR
speed | 2z !
% i wu“._l‘..‘*l . & " m‘“u.ﬂ L] .

' cont. 4. The planned simulation tool — SAFT

Sound propagation

Examples of input data:

Topography (static data) —_

rReEEEEEEENEEEENNREEAREE
reeEEEEEE N EEENNRaEAREE

Effective sound velocity (dynamic data) e

3]
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. cont. 4. The planned simulation tool — SAFT
cont. Sound propagation

Examples of output from ray-tracing and different field methods (PE)

'SOURCE HEIGHT 500 = JEPE

S388833880085

2 4 B 8 10 12 14 18 18 20 22

RANGE bm
SOURCE HEIGHT 1000 = JEPE

BE3RRRIARAY

RN WA N W S SN S S —_—
2 4 B 8 10 12 14 18 18 20 22
RANCE

- cont. 4. The planned simulation tool — SAFT

cont. Sound propagation

Turbulejice

sound shadow —
weak diffuse sound illumination

(direct) sound
illumination




cont. 4. The planned simulation tool — SAFT
Example test of SAFT pre-study functionality:
- Grid related to ground track
Noise map for a A320-200 (engine CFM56-5) approach

- Noise source given by a “retrofit’-method based on ANP-data, i.e. source
not based on basic physics (thrust simplified to constant Skibs)

Noise mapping

Underestimation of EPNL-levels due to lack of approach-noise source
data in ANP-data base

cont. 4. The planned simulation tool — SAFT

cont. Noise mapping

Example change of noise impact by translation of route
(translation 5km west and 5km south)



5. Example existing
system for weather
dependent sound
propagation.

[ movie left out due to file size]

Arillery noise forecasting
system developed by UIf
Tengzelius and lkka
Karasalo KTH-MWL.

6. Interaction with other CSA project (applications)

Measurements — Aircraft Noise
- correlated with FDR-data
Study of noise impact from
’_] steeper descents




7. Cooperation way to success...?

Chalmers — Turbomachinery & Aeroacoustics group has a
leading position and long time experience in the fields of gas
turbine research and modelling and in the field of CAA
(Computational Aero Acoustics)

KTH-MWL has in the same way a premier position in noise
propagation and general acoustics

By combining our complementary competences in the SAFT-
project we believe that we together can achieve the
challenging objectives in the project.



Bilaga 5.
Delrapport — Forstudie SAFT, mars 2016



Delrapport — Forstudie SAFT
Simulering av Atmosfar och Flygtrafik for en Tystare omgivning

Ulf Tengzelius (KTH/MWL)

Med stod av
Johan Rignér (Natmer AB), Bengt Moberg (Vernamack AB)

i fragor rorande flygsystem och flygtekniska fragor

Syfte och bakgrund SAFT

Forstudien SAFT, SAFT(1), bedriven inom CSA syftar till att ta fram riktlinjerna for ett berdknings- och
simuleringsverktyg for flygbuller. Verktyget avser att pa sikt kunna ta hansyn till alla de moment i en
flygoperation som, tillsammans med radande atmosfarsforhallanden (vader), paverkar det
resulterande bullret pa marken.

Det framtida berakningsverktyget syftar till att komplettera s.k. “Integrerade verktyg”, som INM och
metoder som t.ex. ECAC.Doc29° [1], vilka inte medger en frikoppling av ljudkilla & ena sidan och
ljudutbredning @ andra. De sistnamnda verktygen &r i forsta hand framtagna i syfte att generera
bullerkartor (konturplottar med iso-dB linjer) som representerar den samlade flygtrafiken kring
flygplatser pa typiskt arsbasis — och inte enstaka flyghandelser. | det sammanhanget — d.v.s. for att
askadliggora och kvantifiera bullerexponering fran en operativ verksamhet éver langre tidsperioder,
och for att identifiera trender - har INM och liknande verktyg visat sig kunna fylla sitt syfte val.

Ar man i férsta hand, istillet for ldngtidsmedelvirden, intresserad av att studera, sig effekter av nya
in- och utflygningsprocedurer, nya eller modifierade flygmotorer, speciella eller typiska
vadersituationer sa medfor de s.k. “integrerade metoderna” vissa problem. Man vill i dessa lagen
namligen dels kunna frikoppla sjélva ljudkallorna fran ljudutbredningen, men ocksa kunna frikoppla de
olika ljudkallorna sinsemellan (t.ex. ”jet noise” fran "fan noise” respektive "airframe noise”). Dessutom
vill man kunna separera ljudet frekvensmassigt, bade for att kunna berakna ljudutbredningen men
ocksa for att kunna bedéma graden av storning da ljudet nar berérda mottagare pa marken. Den hér
beskrivna typen av studier skulle alltsa kunna bli mojliga med SAFT-verktyget. Forutom studier av den
har typen skulle SAFT i forlangningen ocksa kunna anvandas for "Bullerprognoser” liknande dagens
vaderprognoser eller bullerberdkningar i "néastan realtid” baserat pa de atmosfarsdata flygplanen
noterar under fard.

Utover syftet att med SAFT skapa en berdkningsplattform som méjliggér generella berékningar for
olika typer av flygbullerstudier, ar ett parallellt syfte ocksa att pa sikt etablera ett berdkningsprogram
som utgér en “stomme/ryggrad” fér méjlig implementering av tidigare och kommande resultat och
metoder inom svensk luftfartsrelaterad bullerforskning. Genom detta steg férvantas battre framtida
forutsattningar skapas for utnyttjande, tillgdnglighet och forvaltning av relevanta forskningsresultat.
Lyckas man med dessa syften skapas just forutsattningar for en tystare omgivning som titeln SAFT
foreslar.

® | sammanhanget dr det intressant att notera att man | ECAC.Doc 29 fr&n 2005 férespar att
“simuleringsmetoder” i framtiden kan komma att utnyttjas inte bara som forskningsverktyg utan dven som
ersattare till “integrerade metoder”: a) “‘integrated models represent current best practice“[syftande pa
langtida medelvdrden] och: b) “This situation (d.v.s. att “integrerade metoder” anvadnds dven for langsiktig
bullerkartering) may change at some point in the future: ‘simulation’ models have greater potential and it is
only a shortage of the comprehensive data they require, and their higher demands on computing capacity, that

presently restrict them to special applications (including research).”



Omvarlden

| saval Sverige som i omvarlden har vi, 6ver ett tidsspann pa mer an 50 ar, kunnat konstatera en kraftigt
okad flygtrafik. Den har 6kningen bedoms enligt Transportstyrelsen m.fl. fortga inom 6verskadlig tid.
Till exempel forutspas i [2] en tillvdxt med ca 3.5% per ar och Trafikanalys [3] visar pa statistik som visas
i figur 1 nedan. Har ska man komma ihag att antalet flygrorelser — och bullerhandelser- inte behéver
Oka i samma utstrackning. | Tyskland har t.ex. antal passagerare 6kat med 168 % mellan 1991 och 2014,
men antal flygrorelser endast med 57 % [4].

Denna formodade oOkning kommer med all sannolikhet att ske parallellt med att flygindustrins
landvinningar avseende ljudreduktion’ fortsatt kommer att plana ut (Se figur 2 nedan fran [5]). Utan
nytdnkande och innovationer i kombination med tillrdckliga resurser, som pa sikt kan generera
I6sningar och lattnader inom flygbulleromradet, riskerar denna trend att skapa 6kade spanningar
mellan olika privatintressen, intresseorganisationer, privata och statliga aktérer inom flyg-, miljo-,
boende- och andra samhéllsomraden.

Vid sidan om de oerhérda forskningsmedel som avsatts till flygindustrin i bl.a. Europa foér utveckling av
"tystare flygplan” har pa senare tid ett storre intresse for att utveckla “tystare procedurer” och
flygtrafikledning syftande till “tystare flygoperationer” kunnat féljas. | linje med detta monster tycks
ocksa ett delvis “nyvaknat” intresse att bygga simuleringsprogram liknande vart tédnkta SAFT. Dessa
satsningar hor sannolikt ocksa ihop med ett 6kande behov av att battre forsta flygbullermekanismerna
i sin helhet, nu nar varje vunnen dB tenderar att krdva allt stérre insatser. Men aktiviteterna ar nog
ocksa avhangiga av den kraftiga forbattringen i datorkapacitet och berdkningsprestanda under 2000-
talet.

Ett exempel pa ett dldre simuleringsprogram — men som fortfarande anvands och utvecklas, sannolikt
det mest omfattande och vdlkdnda av dessa program, ar: ANOPP1+2 fran NASA med rotter fran ca
1975/80 [6]. Ett exempel pa ett dldre europeiskt, med inte pa langt nar lika h6ga ambitioner som
ANOPP (och utan forsok till fysikalisk modellering av kéllan): FLULA fran Schweiz, 80-tal (34). Mer
nyligen etablerades den kommersiella koden SOPRANO av Anotec i Spanien vilken nyligen nyttjades i
Clean-Sky projektet ARMONEA [8]. ONERA och NLR tycks ha lagt stor vikt vid aterskapande och
syntetisering av ljud fran bullerhdndelser/flygpassager i sina koder CARMEN [9] respektive VCNS [10].
University of Manchester tycks ha natt langt med sin kod FLIGHT [11] liksom DLR med sin PANAMA
[12].
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SAFT - funktionsblock och data

| nuldget, februari 2016, ser vi att det framtida SAFT-paketet bor innehalla eller stottas av féljande
funktionaliteter och mdjligheter att hantera data:

PRIMARA INDATA

VI.

VII.

Flygbanor (trajektorier) med kopplade data, flygtillstand (t.ex. orientering, klaffsdttning,
motorpadrag, flyghastigheter- enl. olika definitioner) - en flygbana for varje korning

Atmosfirsdata (fran vaderprognos sondering eller FDR®-data) — dynamiska data (timmar)

Flygmotordata — statiska data (fix modell av resp. flygmotortyp) och dynamiska data (padrag
och gasdata i motorn, tidsuppldsning sekunder kopplat till flygbana)

Flygplansdata - hoglyftsanordningar, landningsstéll - statiska data (t.ex. klaffareor) och
dynamiska data (t.ex. vinkel klaffsattning for varje tid-/trajektoriepunkt)

Ljudkalla representerande flygplanet i varje tid-/trajektoriepunkt — dynamiska (sekunder)
Markdata — topografi, marktyp/akustisk markimpedans, bakgrundskarta — statiska data

Befolkningsdata — antalet boende respektive arbetande inom diskretiserade markomraden —
statiska data

PRIMAR FUNKTIONALITET

A.

Generering av flygbanor utifran:

Flygsimulering, manuell modifiering av befintliga flygbanor eller manuellt skapande av banor
fran grunden

Lasning av befintliga trajektorier pa kanda format, t.ex. fran FDR-data eller radar-data
Generering av bullerkilla som &r riktningsberoende (vinkeln ¢ lateralt kring roll-axeln, och
vinkeln 0 longitudinellt) och frekvensberoende (typiskt hogsta upplosning i normalfallet i
tersband, 1/3-oktaver)

Tva olika noggrannhetsnivaer kan i nulaget bedémas kunna komma till anvandning har:

En s.k. retro-fit metod baserad pa ANP-databasen — en klar forbattring gentemot INM men
behiftad med likande problem med att simulera inflygningar (“"fan-noise” dominerade i
motsats till “jet-noise” dominerade starter och utflygningar).

En fullt ut fysikaliskt baserad simuleringsmodell, liknande uppldagget i NASAs ANOPP, d.v.s.
med varje individuell ljudkalla separat modellerad och kvantifierad (interpolerad fran en
drifttillstand — kallstyrkematris). Interpolationsmatriser fastlaggs med hjalp av semi-empiriska
modeller for de olika ljudkélltyperna. “Jet noise”, “Turbine-noise”, “Landing gear noise” m.fl.
For denna typ av bullerkalla kravs en simulering dven av studerad flygmotortyp vilket i sin tur
forutsatter en existerande flygmotor modell, d.v.s. ett stéttande behov enligt pkt. C. nedan
av:

Etablering av (matematiska) flygmotormodeller representerande specifika flygmotorer
(fabrikat och modell)

Berakning av atmosfarsberoende ljudutbredning. Har kan olika nivaer av noggrannhet och
komplexitet utnyttjas vid val av algoritmtyp. Narmast forestaende forefaller stralgang i
dagslaget.

Berdkning av olika ljudnivamatt (olika tidsintegrerade matt som SEL, momentana som
LAmax och A-vdgda tidsmatt och spektra)

8 FDR : Flight Data Recorder



F. Beridkning av antal boende/arbetande inom givna iso-dB band

G. Presentation av utdata Har anvands i forsta hand Google Earth (GE) for presentation av
flygbanor och konturlinjer i valda bullerenheter (dBAmax, SEL, ...)

H. Overgripande struktur, val av programsprak, logik och hantering av in- och utdata samt
interna variabler. Vilken funktionalitet ska byggas in respektive laggas utanfor huvudkoden?

. Identifierade behov av stédfunktioner:
- Koordinatsystem och koordinattransformationer

- Interpolationsmetodik (trajektorier/tid, motordata/kallmatriser, konturkurvor (iso-dB)
over icke konforma markgrid, ...

- Grid generering —anpassning av marknat for mottagarpunkter ljud m.a.p. flygbanor m.m.
- Effektiv sortering av ljudhdndelser 6ver resp. markgrid-punkt
- Overgéng poldra nat (fran ray-tracer) till rektanguldra nat (markgrid for konturkurvor)
- Algoritmer for data reduktion — glesa matriser

J. MGoijlig framtida funktionalitet att beakta:
- Auralisering - ljudsyntetisering, tersband (smalare?) + toner transformeras till tidssignaler
- Lyssningstest

- Visualisering data och informationsspridning, publik del?

PRIMARA UTDATA

. Iso-dB konturer baserade pa olika ljudnivamatt pa kartunderlag eller som kml-filer for
presentation i GE.

1. Historik ljudnivaer (totala eller spektrala) i respektive gridpunkt.

SEKUNDARA UTDATA

1. Pa sikt: tidssignaler maéjliga att anvdnda fér psykoakustisk bedémning fran lyssnarpaneler
V. Stralgangsdiagram eller motsvarande fran faltmetodbaserade ljudavstralningsberdkningar
V. Atmosfarsdata diagram

VI. Specifika skraddarsydda data for aktuella studier

Ovanstaende in- och utdata samt funktionalitetsbehov kommer att specificeras mer i detalj,
kompletteras och modifieras fram till slutrapporten for SAFT(1) nu i juni (2016).

Utover den namnda kompletterande funktionaliteten kommer det att finnas ett starkt behov av
validerande métningar bade for sjdlva kodpaketet i SAFT och for olika studier som t.ex. systerstudien
Brantare. Krav och 6nskemal pa den har typen av faltmatningar kring t.ex. Arlanda kommer att
utvecklas specificeras under andra halvan av denna férstudie SAFT(1).

Utfort arbete fram till och med februari 2016

Under forsta halvan av pagdende forstudie har en litteraturstudie brett inom omradet
flygbullersimulering genomfoérts och parallellt med denna workshops och arbetsméten med
Vernamack och Natmer (huvudutférare av forstudien Brantare i vilken dven KTH-MW.L deltar). Andra
moten har hallits med Swedavia for att utvaxla erfarenheter och starta en dialog kring datautbyte



(Swedavias fixa matpunkter, radarspar, INM berdkningar, ...). Férutsattningarna for detta datautbyte
tycks mycket goda och fortsatta moten ar aviserade.

Arbetsmotena med Natmer och Vernamack har varit mycket givande for KTH-MW.Ls del, inte minst for
att flygsystemrelaterade fragor med koppling till SAFT snabbt har kunnat fa insiktsfulla svar — nagot
som inte skulle ha varit mojligt via litteratursdkning utan personliga méten.

| nartid ligger bl.a. méten med Finavia samt expertis inom flygmotoromradet planerade.

Vid sidan av ndmnda orienterande arbete har dven inledande programmering genomforts. Har har
siktet varit pa att borja bygga ett "mini-SAFT” dels med syftet att identifiera kopplingar till
flygsystemfragor samt dels for att hitta okanda svarigheter och kunskapsluckor. | princip kan man
med “mini-SAFT” i dagsldaget utféra foljande:

1. Laggain en flygbana som funktion av t, lat, long hojd, hastighet

2. Skapa ett markgrid under denna

3. For flygbanan kan man: i varje punkt tillskriva den en akustisk kallstyrka som funktion av ¢, 6
och frekvens

4. Skapa en ljudkalla med hjalp av ANP-databasen och “retrofit”-metod baserad pa
IMAGINE/EMPA-metod [13] grundad pa valet Approach/Departure samt givet gaspadrag

5. Lasain en atmosfarsfil pa "HIRLAM-format” och skapa 6nskade atmosfarsdata

6. ”Kora ljudkallan enligt flygbanan” och generera tidstaggade frekvensberoende
bullerhdndelser med férenklad rak stralgdng i samtliga markgridpunkter (d.v.s. icke refraktiv
ljudutbredning) med hansyn tagen till atmosfarsdampning (kopplat till atmosfarsdata)

Inom kort:

7. Sortera bullerhdndelser effektivt for varje gridpunkt och reducera datamangden
8. Integrera 6ver tid till SEL (Sound Exposure Level)
9. Generera bullerkonturer internt i Matlab och i GE.

... och till férstudiens avslut:

10. Forsta implementering och korning av refraktiv/avbéjande ljudutbredning
11. Testkorningar i linje med Brantare-upplagg

Ett exempel pa ett testfall som lagts in i nuvarande "mini-SAFT” ar tva flygbanor fran EU-projektet
SOURDINE-II [14], en “normal” approach och en CDA®. Dessa har anpassats till inflygning pa Arlanda
Bana 01L fran vast (inflygning via ELTOK). Exempel pa grid och flygbanor visas i figur 1 nedan.

9 CDA=Continous Descent Approach
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Figur 3. Exempel pa “godtyckliga” flygbanor inlagda i GE tillsammans med anpassat markgrid.
Forklaringar:
purpur = markgrid (dar ljudnivaer kommer att berdknas).
rod="groundtrack”
bl3, undre = “normal inflygning” enl. Sourdine-Il skalenlig
bld 6vre = “normal inflygning” hojd 6kad en faktor 10 for att lattare se skillnader mellan flygbanor
gron= CDA-inflygning enl. Sourdine-Il 6kad en faktor 10

(gula "nalar”: radiofyrar/waypoints)



Slutsatser pa hittills utfort arbete samt nagot om resterande

insatser

Kopplat till tidigare indelning i indata-, funktionalitet osv kan féljande noteringar goras efter hittills
utfort arbete:

Flygbanor med relaterade data

Tack vare samarbetet och det 6msesidiga beroendet mellan Brantare/SAFT tycks det vara
mojligt att fa tillgang till FDR-data. For dessa FDR-baserade trajektorier kommer det alltsa
bli mojligt att inte bara fa exakta rumskoordinater, flygplansorientering, olika hastigheter
utan ocksad vissa meteorologiska data. Av kontakter med utvecklare av andra
simuleringsprogram att doma ar det nere i Europa svart att fa loss FDR-data pa
motsvarande satt. KTH, och CSA, tycks i detta avseende, vad galler hogkvalitativa indata,
ha en forhallandevis mycket god position.

A andra sidan, utfaller detta med FDR-data inte som Onskat forsvaras saval
testsimuleringar som “skarpa” simuleringar i Brantare (fortsattning) avsevart. Nagot somi
sa fall maste adresseras och I6sas pa ett tidigt stadium.

Ett alternativ till FDR-data fran verkliga flygningar ar att skapa i stort sett motsvarande
variabel/datauppsattning via simuleringar med Airbus PEP [15] (aterigen mojliggjort tack
vare samarbetet med Brantare).

Atmosfirsdata

Behovet av atmosfarsdata kan alltsa som det ser ut nu till stor del tillgodoses av FDR-data,
men dven i de fall som galler “redan flugna flygbanor”, dar vi har tillgang till FDR-data,
géller med all sannolikhet att dessa saknar atminstone vissa data som ar 6nskvéarda for en
"fullstandig” ljudutbredningsberdkning. Detta galler TKE (Turbulent Kinetisk Energi) — en
storhet som inbegrips i de storskaliga CFD-berdkningar som ligger bakom t.ex. SMHI:s
vaderprognoser. TKE:n, eller motsvarande, ar nédvandig for att kunna goéra uppskattningar
av ljudenergispridning in i s.k. akustiska skuggzoner. D.v.s. omraden dir man med
konventionella berdkningsmetoder, med saval falt- som med stralgangsmetoder, far
forsumbar (eller ingen) ljudenergi att trdnga ner — detta trots att man i verkliga fall typiskt
far ”endast” 10-30 dB lagre ljudnivaer dar jamfoért med i narliggande ljudbelysta zoner (och
inte sag >100 dB lagre med faltmetoder eller ”0” ljudenergi som med
stralgangsberdkningar). For att kunna uppskatta ljudnivaer i skuggzoner kravs, utéver
indata i form av energin i turbulensen och dess férdelning, i forsta hand i hojdled, ocksa
nagon form av modell for denna turbulenta spridning av ljudet. P4 KTH-MW.L har vi god
erfarenhet av ett par olika sadana. | en implementering av atmosfarsberoende
ljudutbredning fran artilleri at Forsvaret, som nuvarande medarbetare pa KTH-MWL
ansvarade for, implementerades en speciell stralgangsmodell for skuggzoner med mycket
gott resultat [16], [17]. Indata (for samtliga atmosfarsdata) levererades av SMHI med stéd
av deras HIRLAM-modell. Det ligger néra till hands att i ett fortsatt SAFT i ett forsta steg
vad galler ljudspridning p.g.a. atmosfarsturbulens initialt halla sig till stralgang och Lams
s.k. TSSR-modell eftersom denna kraver endast en extra deterministisk berakning for varje
skuggzon (i 2D). Detta i motsats till “klassiska” skuggzons/turbulens-modeller som ar
stokastiska till sin natur och darfér kraver “N” upprepade berdkningar for att konvergera
"tillrdckligt” mot sitt vantevarde.

Vidare géller att atmosfarsdata i SAFT antagligen bor uppdateras till den av SMHI nyligen
introducerade — och forfinade — modellen: AROME. SMHI &r forutom leverantor av data
ocksd en tankbar partner vad galler modellering av lokala vaderforhallanden kring
flygplatser som komplement till AROME.



Flygmotordata och C. Etablering av (matematiska) flygmotormodeller

Beteckningen "flygmotordata” anvdands hdr som samlingsnamn pa tva olika typer av data.
Dels for de statiska flygmotormodeller som i forsta hand beskriver en viss turbo-fan motors
geometri.

Dessa data anvands sedan som input i fristdende program, som t.ex. GasTurb [18], for
generering av den andra typen av flygmotordata som fas som resultat vid simulering av
termodynamiken (tryck och temperatur) och massfléden fér olika stationer i de specifika
gasturbinmodellerna av typen ovan, givet de randvillkor som berakningarna baseras pa.

Bada typerna av data kravs som input for att vid givna drift-/flygtillstand anvindas som
input i de olika modulerna for kallbuller, ”fan-noise”, “compressor-noise”,”combustion-
noise”, ”core-noise”, "turbine-noise”, “jet-noise”. Beroende pa hur avancerad aktuell
kdllmodell &r avgors om data fran motorsimulering och motorgeometri ocksa ar tillrackliga
i respektive fall.

Maijligen kan man i fall dar vi kommer att ha tillgang till FDR-data kunna reducera behovet
av modelleringen enligt ovan. | vilken utstrackning det kan vara majligt vet vi dock inte

annu men vi raknar med att detta skall vara utrett fram till férstudien SAFT:s slutrapport i
sommar (2016).

| fallet flygmotordata och gasturbinmodellering har vi att géra med de delar av SAFT-
paketet dar KTH-MWL saknar egen kompetens och behover komplettera projektgruppen
med kunnande utifran. Var nuvarande bild av hur motordata ska inforlivas i SAFT-koden &r
enligt den tankta gangen nedan:

En forsta flygmotortyp viéljs, t.ex. CFM56-7 som ofta ar den som anvands pa senare
Boeing737, vilket ar den vanligaste flygplanstypen som trafikerar Arlanda i dagslaget
(motorn i varianten CFM56-5 &r ett alternativ dven pa Airbus320).

For denna motor samlas data over bl.a. geometrier. Detta moment beddms for tillfallet
som ett av de mest osdkra i hela SAFT-paketet. Dessa data dr namligen inte 6ppna, d.v.s.
utan kontakter med flygmotortillverkare tvingas man via (skalenliga) sprangskisser i
litteraturen och pa internet, samt lite “"reversed engineering”, skapa en simuleringsmodell
i GasTurb eller liknande program.

Med en etablerad motormodell kérs denna 6ver hela drifttillstandsrymden med lampliga
inkrement i motorpadrag (effekt i kW).

Redan har maste sannolikt hdnsyn tas till "bleed”, d.v.s. de gasfloden som tappas av for
att driva avisningssystem, tryckkabin och andra pneumatiska system pa flygplanet — dessa
avtappningar av energi ser olika ut for en och samma motormodell monterad pa olika
flygplansmodeller).

Utdata fran dessa kérningar svararar nu (férhoppningsvis) mot de indata som de olika
ljudkallemodellerna kraver. Vi kan efter dessa korningar satta upp vektorer, Y(Thri), 2D -
eller flerdimensionella matriser, Y(Thri, %, ...) med data fér diskreta motorpadrag eller
motorpadrag och nagon eller nagra andra parametrar, t.ex. temperatur eller tryck, for den
position i eller utanfér motorkanalen som avses.

Med dessa matriser faststdllda ar nu tanken att vi i varje godtycklig flygbanepunkt—for det
givha motorpadraget snabbt kan skapa indata till respektive motor-buller killa (och
darmed kvantifiera ljudavstralning, “kora ljudavstralning” och skapa iso-dB konturplottar).

Detta forfarande far sedan upprepas for varje flygmotortyp som ska implementeras i SAFT. Har
géller att dven en tidigare implementerad motortyp — men nu i en annan flygplanstyp — kommer



att behéva ses 6ver och dess interpolationsmatriser sannolikt behéva ny-genereras pa grund
variationer t.ex. i “bleed” mellan varianterna.

VII.  Flygplansdata

Kort kommentar:

"Flygplansdata” galler i forsta hand fram- och bakkantsklaffar, roder samt landningsstall,
d.v.s. de delar av ett flygplan som tenderar att generera det kraftigaste s.k. “air-frame”-
bullret (p.g.a. kraftig avlosning — i motsats till laminar strémning t.ex. dver en icke
"deployed” vinge).

| motsats till enklare ljudkallor, sdg en hogtalare eller en smallare, ar dessa ljudkallors
ljudgenereringsmekanismer, liksom dven de som harror fran motorljud ovan, kopplade till
turbulenta mekanismer som inte tillater analytiska l6sningar. Vi har har ofta att géra med
semiempiriska skalningsmodeller baserade pa fysikaliska grunder, som har kalibrerats mot
olika lab-forsok. Det kan vara vart att notera CFD (Comuterised Fluid Dynamics) inte &r
direkt tillampbart i sammanhanget p.g.a. de storleksordningar stérre berakningstiderna —
daremot ar flera av de semi-empiriska ljudkallemodeller man finner i litteraturen stéttade
med bade méatningar och CFD-berdkningar.

VIIl.  Ljudkalla och 6vriga punkter (utom Ljudutbredning och Matningar)

Olika forslag till bl.a. ljudkallemodeller kommer att gas igenom och redovisas i
slutrapporten tillsammans med krav pa indata till dessa modeller. Motsvarande géller
Ovriga berorda (och eventuellt nytillkomna punkter under in-/utdata och funktionalitet)

Ljudutbredning (kort om ...)

KTH-MW.L har en lang erfarenhet av berakningar av atmosfarsberoende ljudutbredning. Saval olika
stralgangsmetoder som faltmetoder har utvecklats och implementerats. | dagsldget tycks
huvudsparet stralgang (ray-tracing) ligga narmast tillhands fér implementering i SAFT. Férdelar med
stralgangsmetoder framfor t.ex. PE (Parabolic Equation) baserade metoder ar att de i allmanhet &r
snabbare och medger en enklare implementering av rundstralande ljudkallor. PE och andra
faltmetoder som FEM (Finita Element Metoder) kan ocksa komma till anvandning men kanske framst
for validering och andra specialstudier snarare an som huvudmetod i SAFT. Principen for
"Bullerprognoser” — pa motsvarande satt som for "Vaderprognoser” - som ar tankt att kunna
forverkligas med SAFT kan sdagas ha sina rotter i det tidigare berérda verktyg som medarbetare vid
KTH-MW.L har tagit fram fér FMV:s och Férsvarsmaktens rakning [19], och som idag anvands
rutinmassigt vid tva av Sveriges storsta skjutfalt.

Matningar
Forutsattningar och forslag pa upplagg och instrumentering for flygbullermatningar kopplade till
SAFT och Brantare kommer att redovisas i slutrapport i juni 2016.

Osdkerheter
For ndrvarande bedéms féljande tva punkter som de mest kritiska i fortsatt arbete:

- Tillgdnglighet av data for etablering av “geometriska” flygmotormodeller, riskerar
foretagssekretess att vara ett hinder eller finns tillrdcklig information pa natet/i litteraturen?
- Validering av individuella och summerade ljudkallemodeller.
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