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ﬁeduction of the environmental\
impact in terms of noise and gas et
emissions through flight T
procedures analysis:

» Safety approach angle

» Approach speed

» Flaps deployment time

» Landing gears extension time

» Circumnavigation of noise sensitive areas

N /

Define the most suitable trade-off
strategy for a combined reduction ¢ e
INn noise and gas emissions. Ar,a,,da;.a,-rpa;;
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e © A COMbINed tool for noise and gas emissions simulation.
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Single flight . Output:
operation > Gas emissions tools —>
input :|..Pol!ut'ant gas
emissions

SAFT single event noise map run
Flight mechanics & 9| Sound 9| Sound LS Noise mapping > 2.N0ise impact

Engine conditions sources propagation (+sound synthesis)
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3.Trade-offs

ADS-B data FDR - data

(state-trajectory data) Meteorological data

(atmosphere profiles)
SAFT

> establishreversed Noise measurements

engineering noise 3 (ULLA-project)
source estimate

v

Establish aircraft
(fleet representative)
noise source database

SAFT Back-propagated Measured sound Source model (BMS)
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Flight trajectory

Experienced
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Berlinl

Boeing 737-800 {}
Aerodynamic data
Engine performance data

Bordeaux l

FDR data’ Flightradar24

Trajectory simulation
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THEORENCAL BACKGROUNID; 1

°°°°°°°°°°°° “ Flight trajectory simulation

> No unsteady aerodynamic model
> Point mass approximation

E>Time Integration of the equations of motion (non linear ODE)

mV = T cos(a + €) — D — mgsin~y
mV~y = Tsin(a + €) + L — mg cos~y
h =V sin~y
mf = —b,

Tp =V cosvy



THEORENCAL BACKGROUNID; 2

wremeest e Flight trajectory simulation

mV = T cos(a+ €) — D — mgsin~y

—mV5—="TFsinfa—+e)+EL—mgcosy ) 0= TSiIl“Oﬁ—'—E) + L — mgcosvy
+ iL:VSiIl’}/

V(t)cos~y(t)dt




THECORENCAL BACKGROUNID; S

e © Flight trajectory simulation:

OOOOOOOOOOOO

- Final system for time integration:
V = (Tcos(a + €) — D)/m — gsiny
h = Vsinry

i = —b

= st y—(z), e= () B

k State variables Control variables /

- Aerodynamic and engine performance model integrated.



THEORENCAL BACKGROUNID; 4

weaneoe ¢ EmMIssions modeling: Boeing Fuel Flow method

EICO2 = 3155 g/ (kg fuel)

Proportional
to the fuel EIH,0 = 1237 g/ (kg fuel)
burn EISOx = 0.8 g/(kg fuel)
p3-3
At h EICO,;; =[EICO4|( fu T Atmosphere
mospnere : 5 = T
de endpent f3-3 -~ P;PD
P EIHC.¢ =EIHC( fu ) o5 =
0™ H: Humidity
ot-02 correction factor
EINOx,); = %\TOX@(‘JZ ) 933 ©
ICAO BADA

emissions
databank database
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srreemerer ¢ Stockholm-Berlin/Bordeaux with
Boeing 737-800

Berlin Bordeaux
(ARN-SXF) (ARN-BOD)
Distance 813 km 2063 km
Time in the air 1 hour 20 mins 3hours
Total fuel burn 3900 kg + taxi fuel 7182kg |
200 kg
Gross weight 69 500 kg 64 270 kg
Initial fuel load 10 200 kg 10870kg 3oy
Crew 6 6 P
Passengers 180 125 o
Temperature ISA+3 ISA+6 iy
Wind at cruise 220 deg/60 knots 208 deg/46 g
altitude knots :
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Berlin Bordeaux

Dimensions Dimensions
Total fuel (ARN-SXF) 3730 kg Total fuel (ARN-BOD) 7182 kg
Fuel/pax 21 kg Fuel /pax 57.5 kg
Total energy required 39 GJ (10900 kWh) Total energy required 86 GJ / (23900 kWh)
Energy content of fuel used 163 GJ Energy content of fuel used 330 GJ
Efficiency 24% Efficiency 26%
Energy/pax 218 MJ (60 kWh) Energy/pax 497 MJ / (138 kWh)
Total Emissions Total Emissions (kg)
COo 190 kg CO 36.6
ng -’-:)6.}80 ﬁg - L4

' NOx 80.7
co2 11800.0 kg 5 SHeESs
H20 4600.0 kg i i
SOx 3.0 kg '
Emissions 30% i

per pax —
o 01 kg Emissions (kg) per pax
HC 0.005 kg co 0.29
NOx 0.25 kg HC 0,0114
cO2 65.0 kg NOx 0.64
H20 26.0 kg 1CO2 181.3]
SOx 0.02 kg H20 711
SOx 0.05

FLIGHT(S) CALCULATED AVERAGE CO2 EMISSIONS IS
| 91.65 KG/PERSON |
SOURCE: ICAO CARBON EMISSIONS CALCULATOR

FLIGHT(S) CALCULATED AVERAGE C02 EMISSIONS IS|165.41 KG/PERSON
SOURCE: ICAO CARBON EMISSIONS CALCULATOR
-13-




wremciesr @ Engine performance validation (no flaps)
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Fuel flow comparison between
simulated data and real data

(FDR).
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CONCLUSIONS ANBIEUNTTURE WORK 1

¢« The emissions code computes different types of gas emissions
for a given trajectory.

« Consistency in emissions between both travels and the
simulated CO2 emissions are of the same order as the ones
Indicated by flight tickets.

« Trajectory simulation implemented.

« Aerodynamic and engine performance model integrated and
validated (no flaps).
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CONCLUSIONS ANBIEUNTURE WORIK, 2

« NEXT STEPS
— Trajectory simulation for extended flaps and landing gears.

— Parameter investigation for optimal trajectory with
minimum gas emissions.

— Combined investigation with SAFT for both gas emissions
and noise reduction.

— Comparisons with respect to IMPACT.

— New master’s level course:

Aircraft performance and air traffic management (SD2830)
7.5 credits
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