

http://www.youtube.com/watch?v=1UtiK9Op8A8&feature=youtu.be
http://www.youtube.com/watch?v=YDLhzDnCrlU&feature=youtu.be




















































































http://www.youtube.com/watch?v=hp0y0tM6HsU&feature=youtu.be
http://www.youtube.com/watch?v=a-QTHFrewB0&feature=youtu.be




















































































http://www.youtube.com/watch?v=X6xH_GvIK0o&feature=youtu.be
http://www.youtube.com/watch?v=wwoteSho7go&feature=youtu.be








































































http://www.youtube.com/watch?v=HJtfNPl2360&feature=youtu.be
http://www.youtube.com/watch?v=CbCRLorlTaE&feature=youtu.be
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Outline

e sources of aircraft noise
e |ow noise technology for current aircraft

e conclusions
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sources of aircraft noise
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Sources of exterior noise at transport aircraft

. » Take-off:

engine noise

o jet
§ 0 fan tonal (+ broadband)
o0 (compressor)

» Approach:

engine noise

o jet

B o fan broadband (+ tonal)
-~ 0 combustion + turbine

airframe noise

o high lift devices
o landing gears
o0 installation related sources

i DLR
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Sources of turbofan engine noise

combustion

Compressor Chamber

fan

jet

turbine

////llllll////‘ 7
r
|

Q

) combustion noise
\ turbine noise
\\ J/
Y

fan noise front | fan noise rear mixing noise
compressor noise

i DLR
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Parasitic tones at engines

0dB

Nacelle de-icing air outlets

-12dB

ﬂi‘ : B o
~ Siller, DLR
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Sources of airframe noise at aircraft

slat horn

slat

flap

nose landing gear
flap side edge

r,,parasitic sources”
(construction details)

-
-
e~ — e —————

main landing gears

i DLR
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Parasitic sources at real a/c airframes

e tone noise from pin-holes in
landing gear pins/bolts
(hollow for weight reasons)

e tone noise from pressure release openings <

e broadband excess noise from slat/flap tracks

e broadband excess noise from recessed
geometries

i DLR




www.DLR.de ¢ Chart 11 « ICANA 2013, Frankfurt ¢ Delfs/Enghardt « 30/10/2013

Landing gear noise

considerable experimental research during past 15 years
in EU and USA

most important source of airframe noise (at certifcation
point)

very broadband in character (slow roll-off of spectrum)
size? scaling of intensity for similar geometry
speed® scaling of intensity (compact source components)

no pronounced directivity due to complex cluster
of compact sources

. Steering
system

Down-lock [EES g
mechanism

[Drag stay [mmillf

.

Retraction
actuator

Articulation
link
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Typical rank ordering of sources at approach Source: Airbus

short range aircraft long range aircraft
— -3—2-EPNdB— Airframe noise
/M = -
= ] Airframe noise =
Z ] A = = = ¥
=R== = : 4 2EPNdB
bl -
’J T |
A — -
2§= |
B T - T = T T T = T T T T = T
Slats Flaps Landing Airframe Engine Total Slats Flaps Landing  Airframe Engine Total
Gear Gear

A340

| Y—

(AN NN NN
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Installation sources of exterior noise at aircraft

gear cavity / flap
~ interference

Jirm
b 4

jet / flap interference

wing/ fan or prop
interaction

pylon / jet
interference

gear wake/ flap

interference

i DLR
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Jet flap interference (JFI)

Flight speed U, = 60 m/s
64° Jet speed Uj.; = 185 m/s

| . ;
% ¥ ,//\\/:\‘;//\Q (cold single stream jet)
_7'[ |10dB N
(ol =
U) -
5 50
1008 116°

SPL,,; [dB]
}

total

sum jet + flap
(each isolated)

S erke, Lufo HIT 2014
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Low noise technologies for current aircraft
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Engine noise reduction

fan noise

* lined ducts '@[/ﬁ' = .
NI/ 9 KIS e

» splice-less casing (Z/M_’Zlﬂl

nacelle lip-liner

swept rotor leading
edge, swept stator

cut-off design

increased diameter CEM56
fan-forward
jet noise casing liner
* increased diameter

e internal mixer and/or

* vortex generators, serrations
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Elimination of parasitic tones at wings

Approach noise of a current

short/medium range a/c i AL T /:\
i cruise configuration

" 10dB v_=105 m/s

SPL [dB]

®

B | === Baseline ‘ S
| [ e LOW noiS€” | |Af = 14 Hz||
'.flfj P T ST R N T SR T TN NN SR S S T S R N
L/ 0 500 1000 1500 2000
f=529 Hz ﬂy f[HZ]
a4y o o Helmholtz resonator
,’ Michel, DLR /4
f=578 Hz 1
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Low noise nose landing gear

A340 nose landing gear retro-fitted low noise NLG
~ 2.6 dB reduction ~ 6.3 dB reduction
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Low noise main landing gear

-

EU RAIN

-15% bogie toe down

A340 main landing gear retro fitted low noise
~ 2.5 dB reduction 8 dB(A) reduction

i DLR
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Significance of high lift devices for airframe noise

-+ 2EPNdB
y

E_ Aiframe noise
E == 0
m} r— ————, o
3 om ©
=z 2 '
o =
w ©

T

A 4

Slats Flaps Landing  Aiframe Engine Total
Gear

= Noise reduction at landing gear of limited
effect for a/c if High Lift Devices unaltered

e But: much more difficult to improve, since aerodynamically highly optimized
component

e Significance discovered by DLR (Dobrzynski), 1998

i DLR

i ] - .' :
-
™
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Low noise slat

EWOPENAIR

reference

” Low noise setting g
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Noise reduction on flap side edges

Smooth, hard
side edge
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Source noise reduction at complete aircraft

) example of common effect of two sources:

83 dB 13 dB

SPL/deciBels [dB]
~ (00]
11

o)
)
|

airframe
airframe
airframe

For more silent aircraft
sources of about equal strength have to be reduced alltogether!
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Conclusions

All, engine, airframe, and installation sources important

considerable progress made in engine low noise technology the past (most
important jet + fan)

highly effective flyable low noise landing gear technology developed

high lift system is THE challenge for approach noise

parasitic sources easily removable

only partial application of low noise technology will have very limited effect
next generation transport a/c will be dominated by installation sources
noise driven a/c architectures? High potential of noise shielding.
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4.11 Erfahrungen mit dem erhohten Anflugwinkel von 3,2 Grad

4.11.1 Vortragender
Dr. Reinhard Konig, Deutsches Zentrum fur Luft- und Raumfahrt
Education: PhD in Aircraft Engineering 1988
Thesis about “Aircraft Behavior and Control in Wind-

Shear Conditions”

Affiliation(s) and Function(s):

1977-1982 Technical University of Braunschweig, Germany

1983 Volkswagenwerk Wolfsburg, Germany

since 1984 German Aerospace Center (DLR); Institute of Flight Systems, Flight

Dynamics and Simulation Department in Braunschweig, Germany

Experience:

- Aircraft behavior and control in wind-shear
- Gust load alleviation

- Flight simulation

- Noise abatement flight procedure design
Present Position:
Deputy of Flight Dynamics and Simulation Department

Team Leader of Flight Procedure Group

Further Information about the company:

DLR is the national aeronautics and space research centre of the Federal Republic of Germany. Its exten-

sive research and development work in aeronautics, space, energy, transport and security is integrated

into national and international cooperative ventures. In addition to its own research, as Germany’s space

agency, DLR has been given responsibility by the federal government for the planning and implementa-

tion of the German space programme. DLR is also the umbrella organisation for the nation’s largest pro-

ject execution organisation.

DLR has approximately 7400 employees at 16 locations in Germany: Cologne (headquarters), Augsburg,

Berlin, Bonn, Braunschweig, Bremen, Goettingen, Hamburg, Juelich, Lampoldshausen, Neustrelitz,

Oberpfaffenhofen, Stade, Stuttgart, Trauen, and Weilheim. DLR also has offices in Brussels, Paris, Tokyo

and Washington D.C.
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4.11.2 Prasentation
Link zum Mitschnitt der Prasentation:

Deutsch: http://www.youtube.com/watch?v=Kwmjv Euf s&feature=youtu.be

English: http://www.youtube.com/watch?v=0nqYiL-vXkY&feature=youtu.be
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http://www.youtube.com/watch?v=0n9YiL-vXkY&feature=youtu.be
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Experience with the steeper approach angle of
3.2 degrees

Erfahrungen mit dem erhéhten Anflugwinkel von 3,2 Grad

Dr. Reinhard Kdnig

German Aerospace Center (DLR) - Institute of Flight Systems
Deutsches Zentrum fur Luft- und Raumfahrt (DLR) - Institut fir Flugsystemtechnik

Braunschweig, Germany

2nd International Conference on Active Noise Abatement
October 30th - 31th, 2013, Frankfurt Airport
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Active and passive
noise abatement

Modified
Flight Procedures
(active)

SanFas

Quieter Improved

Less Aircraft House Isolation
Air Traffic (active) (passive)
(passive) oy i
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Noise emission from aircraft

Pitch Angle

——
Flight Path Angle J

TEERN, i Slats / Flaps

The primary noise sources of an aircraft are the engines, the slats/flaps and the gear.
The slat/flap- and the gear noise depend strongly on speed.

The engine noise depends on thrust, which depends on required flight path, required
speed and aircraft configuration.

The noise on ground depends on the distance to the aircraft and on the emitted noise.
A noise abatement procedure design process has to consider all these relations.

i DLR
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Noise abatement procedure design process

Demands on Noise Reduction and
Operational Feasibility

Ii
Noise Calculation and ¥ ¥
Assessment of Performa_nce
Operational Feasibility Calculation
Fy Y & * | + v ¥
Fast Time Simulation
| Y

DLR Leiser Flugverkehr Il

Larmoptimierte An- und
Abflugverfahren (LAnAb)

LANnAb using A320 at LFT and

A330 at ZFB
Full Flight Simulation Steilerer Endanflug (STENA)
[ 7 using A330 at ZFB

Flight Testing

— LAnAb using DLH A319 at

Parchim Airport

| l

i DLR

v

Operational Implementation

STENA (3.2 deg ILS)
Test phase

v

Noise Abatement Validation
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Steeper final approach of 3.2 deg

Glide slope angles up to 3.2° do not require
any procedural changes for A320/A330.

Expected noise reduction contributions
are:

« Up to 246 ft more height
 ILS intercept 0.7 nm closer to the airport

« Flaps deployment before intercept may
also be 0.7 nm closer to the airport

« Gear deployment is 0.4 nm closer to the
airport (same height of 2000 ft)

« Thrust increase for a/c stabilization 0.3 nm
closer to the airport

« Required thrust is lower

« All effects lead in theory to ca. 1 dB less
maximum sound level on ground

AHEIGHT, ft

HEIGHT, 100f

I
o

ha
o

COMPARISON OF DIFFERENT
GLIDE-SLOPE ANGLES DURING APPROACH

about 0.4 nm

1

_______________________________

Gear Down

5

i
10 15
DISTANCE, nm

1

—
aba

ut 0.3 nm

5

10 15
DISTANCE, nm
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ILS geometry and overflight heights

N 847 m

A

MP45 Oberrad
+67 m

o = = o = ° =
21 5 5 RWY EIE|TIE |
0 = 7 7 © [} 2
> o £ = & [} e Q & o £
0 T 5 L o S~ m oN| |OQ
S5 < + - + o wl|lo © © + ©
0o o — — ¥ + ~ |+
o = = N a = o
N o =
2l S =
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Operational test implementation of a 3.2 deg ILS

« The Runway Northwest of the Frankfurt Airport is .
certificated for precision approaches only.

» Therefore a redundant ILS system is installed, & @
which allows 3.0 deg and 3.2 deg operations at the
same time.

* Due to the results of the STENA-Study all involved
parties agreed upon a 3.2 deg CAT-I test phase of
one year duration.

» The German authority BMVBS allows this testphase
starting on October, 18, 2012.

 The DLR Institute of Flight Systems evaluates the

noise abatement at the measuring points of Fraport
and UNH.

UNH Umwelt- und Nachbarschaftshaus Kelsterbach
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3.2 deg test phase activities

3.2 deg utilization of
e From October 2012 to May 2013 DFS offers RWY 07L/25R

3.2 deg under headwind conditions and 80%

pilots could accept or not. /\/___.
« After May 2013 until October 2013 the o \_//

aircraft has to land on another runway if the
pilot does not accept 3.2 deg.

40%

» DFS records the 3.2 deg cases. 20%
» Fraport and UNH monitor the noise events 0%
at 3 stations for O7L direction and 5 stations Okt Nov Dez Jan Feb Mrz Apr Mai Jun Jul

12 12 12 13 13 13 13 13 13 13

for 25R direction.

» Fraport monitors the "Gear Down"
behaviour at measuring point "Lerchesberg" * The utilization of the 3.2 deg final

« DLR evaluates noise and flight path landing approach increases over time
measurements continuously during the and reaches in July 2013 ca. 76%.
testphase. » The acceptance is very high. During

July 2013 only 0.2% crews had

DFS Deutsche Flugsicherung (Air Traffic Control) .

Fraport  Frankfurt Airport declined the 3.2 deg approach.

UNH Umwelt- und Nachbarschaftshaus Kelsterbach * No safety-related incidents occured
DLR Deutsches Zentrum fir Luft- und Raumfahrt

(German Aerospace Center)

i DLR
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Noise- and flight path data availability
to evaluate noise abatement

<-- 3.2 deg Test Phase -->
2011 2012 2013

Oct Nov Dec|Jan Feb Mar Apr May Jun Jul Aug Sep Oct|Mov Dec|lan Feb Mar Apr May Jun Jul Aug Sep Oct|Nov
0 11 12 1 2 3 4 5 i] 7 8 9 0] 11 12 1 2 3 4 5 6 7 8 9 011

Measuring Points RWY 07L
MP208-Gustavsburg  UNH
MP14-Hochheim Fraport
MP11-Flarsheim Fraport

Measuring Points RWY 25R
MP44-Lerchesberg Fraport |
MP86-Goetheturm Fraport |

MP45-Cberrad  Fraport |
MP260-KGV Oberrad ~ UNH |
MP203-Offenbach  UNH

Flight Path Data |

Approach Angle Data

RWY 07L, 3.0 deg | 3,0 deg Reference Data 3.0 deg and 3.2 deg Data
RWY 07L, 3.2 deg 3.2 deg Data
RWY 25R, 3.0 deg | 3,0 deg Reference Data 3.0 deg and 3.2 deg Data
RWY 25R, 3.2 deg 3.2 deg Data

<-- 3.2 deg Test Phase -->

Cockpit data are not available for any evaluation!

i DLR
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Measuring points and way to present the statistic results

208 - Gustavsburg

14 - Hochheim

Counts

11 - FlIorsheim

Example
«10°  AllAircraft/ Data
I R

——————————————————————————————————

208 14 11 44 86 45 260203
Measurement Points

44 - Lerchesberg

86 - Goetheturm

@)
©
@©
—
—
o
®)
o

1
L0
q

O Fraport Measuring Point
@ UNH Measuring Point

260 - Oberrad
203 - Offenbach
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Statistics of maximum sound level - all aircraft - (1)

DLR

Lasm

Lasmax, dB

Counts

S N b~ O ©

75

70

65

% 10" All Aircraft / Data

1

I 3.0

___EEN

miis

208 14 11 44 86 45 260203
Measuring Point

Maxima

208 14 11 44 86 45 260203

Means

I 3,00
s

208 14 11 44 86 45 260203

Measuring Point

Lasmax, dB

Lasmax, dB

(o2}
o1

[¢)]
o1

n
o

=
o N

[o)]
(=]

NN
RN

Minima

208 14 11 44 86 45 260203

Standard Deviations

Lasmax, dB

Maxima - Minima

N
1

N
(=}

[any
]

208 14 11 44 86 45 260203

I

208 14 11 44 86 45 260203
Measuring Point

Lasmax, dB

All Aircraft / Differences of Means

Ol 3 2° less 3.0°

o
o1

'
[y

208 14 11 44 86 45 260203
Measuring Point
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Statistics of maximum sound level - all aircraft - (2)

Geometrical damping from

Means All ﬁ‘urcraﬁ‘f D‘lffe‘ren‘ces‘, of‘Me‘-ans the ory if measurin gp oint
R T R S l 0 - o " . .
o T g - [[MEEE32less 30 position is directly below
< P P 2 0.5} .. the glide path.
o ' ' ' [] ' ' '
£ 701 M-k £ ] Lo
7] : : 7] Lo
Al B R —— ; :
S S Both, geometrical and theoretical
s N B 55 EE'S el [ N N . .
208 14 11 44 86 45 260203 208 14 11 44 86 45 260203 atmospheric damping for the
Measuring Point Measuring Point conditions 15°C, 70% humidity

and 2000 Hz.

Insufficient 3.0 reference data at MP208

_ _ 65dB measurement threshold at MP45
because of late installation

MP45 MP44
ILS ILS o Oberrad Lerchesberg
30ref 32 Both 5 :

MP 208 12940 15036
MP 14 20456 22141 51597
MP 11 20600 22147 51837
MP 44 77410 23866 101276
MP 86 11820 23929 35749
MP 45 54240 14929 69169 e | | . é é
MF 260 11417 19484 30901 0 1000 2000 3000 0 1000 2000 3000
MP 203 51532 17052 68584 Distance, m Distance, m
Al 266661 157488 | 424149 Lasmax over the distance to the aircraft

i DLR
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Statistics of maximum sound level "Lasmax" - all aircraft - (3)

Lasmax, dB
~ ~
(=] (8]

[47]
(&)

_____________________

______________

_______________

208 14 11 44 86 45 260203
Measuring Point

4000}

Altitude, ft
3
3

2000

208 14 11 rwy 44 86 45 260203

| | E5

| Py

208 14 11 rwy 44 86 45 260203
Measuring Point

____________

______

Lasmax, dB

Altitude, ft

All Aircraft / Differences of Means

0

o
[3)

1
-

400

300

200}---g

100}---

3 2° less 3,0°

___________________

208 14 11 44 86 45 260203
Measuring Point

Differences of Means

------------------------

208 14 11 rwy 44 86 45 260203

0 | I 3.2° less 3.0°

T T T T

208 14 11 rwy 44 86 45 260203
Measuring Point

MP44, MP86 (and MP208) show
more noise abatement than
expected from theory, MP203,
MP260 (and MP45) show less.

The altitude at time of maximum
noise level measurement is slightly
higher than from geometry
expected. Due to directional sound
characteristics the maximum noise
emission takes place before flying
directly over the measuring point.

The speed on 3.2 deg is at MP44
8 kt lower than on 3.0 deg. This
could be one reason for more
noise abatement than expected.

Another reason could be that on
3.2 deg ca. 10% aircraft have "gear
down", against ca. 20% on 3.0 deg
(diploma thesis V. Stein).
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Influence of speed on noise results, extreme cases (1)

6000 , ——Tr T » Selection of two 3.0 deg and two 3.2 deg
Measurement Point 44 _ 45 203 ﬁ cases respectively with high and with low

noise at MP44.

86 260 %
apasts e The maximum noise level differs at the same

;3,u* High Noise at MP44 approach angle by more than 12 dB.

weeeeee 3 07 Low Moise at MP44
—— 3.2° High Noise at MP44
"""" 3.2° Low Noise at MP44

Comparison of maximum noise level
at the same approach angle

 [30High |3.0low 3. Hig

m Lasmax Lasmax
/...---'""_ 44 77,9
1  [PDi
;‘/ IR Difference -12.5

X ‘y/ '..,-"
J T » The extreme different noise levels are
h-.:.,h._,,,.,x.‘..-_:-p:'.'ﬁri-,-m-.;u.---"'"" correlated with the aircraft speed.
g » Furthermore, the aircraft speed is correlated

with the type of approach (Continuous

0 5 10 D'[ 5 iﬂ 25 30 35 Descent Approach or approach with
istance, km intermediate altitude).

» The speed difference is up to 40 kt.
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Influence of speed on noise results, extreme cases (2)

6000

Measurement Point
<= 4000}~

Altitude

2000}

44 45

86 260

—— 3.0° High Noise at MP44
=e===3 0° Low MNoise at MP44
— 3.2° High Noise at MP44
3.2° Low Noise at MP44

- -
.......

10

15

20 30

25

Distance, km

35

At MP203 the altitude differs up to 1000 ft
and the speed differs up to 100 kt, but the
noise is nearly the same. There must be
different noise emissions from the aircraft
due to thrust, flap setting and/or use of speed
brakes.

73,2 64,9 75,1 71,9
71,7 64,8 73,7 71
69,3 62,3 70,3
71,9 69,4 71,2

» The "High Noise" approaches are both
Continuous Descent Approaches with late
deceleration to final approach speed. A
deceleration on glide path requires often
speed brake usage and / or early gear down.
Both increases the noise emission
significantly!

;{ﬁ b i 3
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Frequency distribution and corresponding Gaussian distribution
of 3.0 deg approaches - all aircraft -

i DLR

MP208 MP14 MP11
Gustavsburg Hochheim Florsheim mean l
25 ‘ : 25— ‘ : 25 : ‘
| JL_EX IL_EN
| S 4| T )| B R RTINS
S ES S
§~ L] e | g g 68,27%
@ @ @
AL S | —— = = — _
o i = standard deviation
] R [ [1/1] e — ——95,45% ——»
I
: : : : : r‘/ 99,73% \h
60 70 80 60 70 80 60 70 80 p-26  p-o M p+o  pt+2o
Lmax, dB Lasmax, dB Lasmax, dB
MP44 MP86 MP45 MP260 MP203
Lerchesberg Goetheturm Oberrad Oberrad Offenbach
25— , : 25— ‘ 25 , 25 , : 25— , ‘
| I 3.0 ;| I 3.0 || I 3.0
0| B R o B 0| B s S S 0| B e
ES £ ES ES £
Pll] SESEERTREEE | } S 2 2 Z Pl] ETE SEEEPOIEE SRR
c c c c [
@ @ @ @ @
o [0] ST | || | SO — =y = = 0] SRR | | .
@ @ @ @ @
i o i i i
[Y SEEEEAR_ 111101} A G- IO, -
60 70 80 60 70 80 60 70 80 60 70 80 60 70 80
Lasmax, dB Lasmax, dB Lasmax, dB Lmax, dB Lmax, dB

Gaussian distribution with mean and standard deviation from measurement
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Frequency distribution and corresponding Gaussian distribution
of 3.2 deg approaches - all aircraft -
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Comparison of Gaussian distributions of 3.0 and 3.2 deg approaches

- all aircraft -
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Noise abatement can be shown through movement of frequency
distribution or change of its shape

Movement of frequency distribution Change of frequency distribution shape
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Statistics of maximum sound level "Lasmax" - aircraft groups -
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Statistics of single event sound level "Lax" - all aircraft -
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Conclusions

The current 3.2 deg test phase can be regarded as successfull. It shows
» a very high rate of acceptance by the pilots,
* no changes in operation,
* no impact on safety at all and
* a noise abatement between 0.5 and 1.2 dB.

The results from theory and from the safety studie STENA are confirmed.

At the measuring point Lerchesberg (MP44) the expected noise abatement is exceeded.
This may be a result from

» a lower speed as shown from the flight path data and/or

 a later gear extension as indicated by visual observation.

The expected noise abatements at the measuring points Oberrad (MP260) and
Offenbach (MP203) were not reached. The reasons for that could not yet be identified.

Future work

* Noise and flight path evaluation with data from August 2013 to October 2013.
» Find out the reasons for lower noise abatement as expected at MP260 and MP203.

i DLR
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