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Methodology: PESO

Performance and Emission Simulations of flight Operations (PESO)
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Methodology: Airframe Aerodynamics

• High speed L/D

• CL vs. Angle of Attack
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Methodology: Engine Modelling

• Engine performance )m,M,T,P(f f0aa &=

• Engine performance parameter )M,T,P(f 0aa=
If final nozzles are choked
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Methodology: Engine Modelling

Engine model: GasTurb
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Methodology: Engine Modelling

N
on

-D
im

en
si

on
al

 N
1

N
on

-D
im

en
si

on
al

 fu
el

 fl
ow

Pressure Ratio Pressure Ratio
0 10 20 30 400

0.2

0.4

0.6

0.8

1

1.2

1.4

Flight data

0 10 20 30 400

0.2

0.4

0.6

0.8

1

1.2

1.4

Flight data

Model

0 10 20 30 400

0.2

0.4

0.6

0.8

1

1.2

1.4

0 10 20 30 400

0.2

0.4

0.6

0.8

1

1.2

1.4

Model



Methodology: Operations

Flight Mach number
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Methodology: Emissions Modelling
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Validation: Engine Modelling

N
on

-D
im

en
si

on
al

 fu
el

 fl
ow

Pressure Ratio

0 10 20 30 400

0.2

0.4

0.6

0.8

1

1.2

1.4
FDR - TAKE OFF & CLIMB
FDR - CRUISE
FDR - DESCENT & LANDING

0 10 20 30 400

0.2

0.4

0.6

0.8

1

1.2

1.4
FDR - TAKE OFF & CLIMB
FDR - CRUISE
FDR - DESCENT & LANDING
Engine 1

0 10 20 30 400

0.2

0.4

0.6

0.8

1

1.2

1.4
FDR - TAKE OFF & CLIMB
FDR - CRUISE
FDR - DESCENT & LANDING
Engine 1
Engine 2: FDR Efficiency

0 10 20 30 400

0.2

0.4

0.6

0.8

1

1.2

1.4
FDR - TAKE OFF & CLIMB
FDR - CRUISE
FDR - DESCENT & LANDING
Engine 1
Engine 2: FDR Efficiency



0 100 200 300 4000

0.005

0.01

0.015

0.02









−

=×

start

end

CR

W
WV

gs
sfcD

L

ln

1

Cruise track distance (km)

(M
as

s T
O

C
-M

as
s)

/M
as

s T
O

C Flight data
PESO

0 100 200 300 4000

0.005

0.01

0.015

0.02

PESO+Flight data

Validation: Constant Level Cruise
FL330, MCR=0.79



2.533.042.373.51Fuel burn kg/km

16.814.818.413.0L/D

FL390FL320FL390FL320

PESOFlight Data

Validation: Constant Level Cruise

MCR=0.78; MassTOC/MTOW=0.72; sCR=235km



0.6 0.65 0.7 0.75 0.82

2.5

3

3.5

Cruise Mach number

Fu
el

 b
ur

n/
tra

ck
 d

is
ta

nc
e 

(k
g/

km
)

n=0.65

n=MTOC/MTOW

n=0.80

n=0.80

280 300 320 340 360 380 4002

2.5

3

3.5

Cruise Flight Level
Fu

el
 b

ur
n/

tra
ck

 d
is

ta
nc

e 
(k

g/
km

)

n=0.65

n=0.80

n=0.87

n=0.80

FL330
FL370

MCR =0.6
MCR =0.7
MCR =0.8

Applications: Constant Level Cruise

Cruise length=600km



Applications: Stepped Cruise
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Applications: Full Mission
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Applications: Full Mission

Track distance (km)
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Conclusions

• New approach to the modelling of aircraft trajectories
• Methodology validated using flight data
• Results sensitive to the L/D ratio
• Within AIM: distributions of engine age and L/D to be used

• Future work
• Modelling high lift devices/landing gear…
• Modelling future technologies


