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Introduction TAT

 Accurate modeling of aircraft performance is a key factor
in estimating aircraft noise, emissions and fuel burn

- Various assumptions are made for aircraft performance
modeling (APM) within the AEDT with respect to:

— Takeoff weight
— Takeoff thrust
— Departure procedure

- The main objectives of this research are to

1.

2.
3.

Identify prior relevant research methods and benchmark the
current APM assumptions

Conduct statistical analysis of real-world performance data
Develop a state estimator

Document recommendations for APM enhancements



Practical Outcomes TAT

ASCENT

« Short term

— Assessment of current modeling assumptions within the APM

— Identification of modeling gaps to real world flight

— Identification of necessary flight data to represent real world
flight

— Statistical analysis of real flight data

— Sensitivity investigation of modeling assumptions, including fuel
burn, NOx, and noise

« Long term
— Recommendations for new algorithm to represent real world
takeoff performance
— Documentation of sensitivity analysis and implications of
modifications to the procedures for the APM



Improving AEDT’s Modeling —=N\=-
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Summary of the Findings and ?A?

Recommendations ASCENT
APM AEDT vs Reality Importance Changes to AEDT Potential Data
Assumptions (What’s the (Does it (how?) Source

problem?) matter?) (by how much?)
Weight » Update the GW assumption
for each bin
Thrust » Change the thrust coefficients

for takeoff and climb in the
THRUST_JET table

Departure
Procedures

» Convert ROC to Energy
Share percent




New Profiles Implementation =/\=
- Alternative Weight and Reduced Thrust .~ -

Develop new profiles for 90 aircraft

— 90 aircraft shortlisted by
« ACFT_ID ="“G" or"C"
« NOISE_CAT ="3" or "4”
« ENG_TYPE_CODE ="J)"
— Each aircraft to have 7 additional sets of profiles

Populate FLEET DB
— THRUST_JET table expanded from 417 entries to 941 entries
— PROFILES table expanded from 1146 entries to 4289 entries
— PROCEDURES table expanded from 6124 entries to 19760 entries

:A:

PROF_ID1 Weight Takeoff Thrust Level|Climb Thrust Level| RoC/ES | Takeoff Thrust |Climb Thrust
STANDARD Standard Weight 0% Reduction 0% Reduction RoC T C
MODIFIED_RTO05 Standard Weight 5% Reduction 0% Reduction ES F (new) C
MODIFIED_RT10 Standard Weight 10% Reduction 10% Reduction ES X (new) D (new)
MODIFIED_RT15 Standard Weight 15% Reduction 10% Reduction ES Z (new) D (new)
MODIFIED_AW Alternative Weight 0% Reduction 0% Reduction ES T C
MODIFIED_AW_RTO05 | Alternative Weight 5% Reduction 0% Reduction ES F (new) C
MODIFIED_AW_RT10 | Alternative Weight 10% Reduction 10% Reduction ES X (new) D (new)
MODIFIED_AW_RT15 | Alternative Weight 15% Reduction 10% Reduction ES Z (new) D (new)

Note: FAA AEE approval is required in order to use the modified profiles for regulatory applications. Users must
submit a justification for the profile they select.



Takeoff Weight Implementation -

— Alternative Weight ASCENT
% Maintain the current
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Takeoff Thrust Implementation =A=
— Reduced thrust for ANP

« The reduced takeoff thrust (Cy;) is implemented via a multiplication of the
full thrust coefficients (Cr,;) by the reduction percentage

« The reduced climb thrust is a function of the takeoff thrust reduction, for
normal temperature:

Procedure thrust | Takeoff Thrust | Climb Thrust
C RT — kreduced -C Full reduction Reduction Reduction
0% (standard)
Pl 100 Aull Thrust
Crr: Reduced thrust coeff. 0.95 5% reduced thrust - = -
- lreaucea = 1090 100
Cruu: Full thrust coeff. reduced 0.90 10% reduced thrust o7 = =
0.85 15% reduced thrust

- However, the high temperature coefficients are not modified

Max Thrust
---------------- Reduced Thrust

= === [|at-rated thrust
- High temperature thrust
————— Reduced thrust

Used reduced thrust 15%

Engine Thrust

Break Point Temp i T kink

Ambient Temperature 8



Takeoff Thrust Implementation -
— Reduced thrust for BADA4 ASEENT

«  BADA 4 operations use the reduced thrust ANP departure procedure

« The flat area BADA4 thrust coefficient is scaled by the thrust reduction that
corresponds to the procedure step’s thrust type

« For high temperature, the thrust coefficient calculations implement the
minimum thrust level method

Where:
. kreduced ) CFull,flat ’ T < Tyink Cruiriqe- Full thrust at flat area
RT = - _ :
mln(CFull,tempr kreduced ’ CFull,flat) ’ T> Tkink Cruutemp: FUll Thrust at high temp

« Thrust taper was implemented for BADA4 reduced thrust profile

—8— BADA4 full power —#— BADA4 reduced taper, 12K —#— BADA4 reduced no taper BADA4 reduced taper, 14K
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Takeoff Thrust Implementation -
- Procedure changes (Energy Share) ASCENT

- With reduced thrust, the Rate of Climb (RoC) during acceleration steps of
departure procedure is not correct

- The same energy share can be used for all the reduced thrust profiles of the
particular aircraft

AKE

- Calculate energy share: KETAPE

- Validate energy share:

FLEET RoC DB [l FLEET ES% DB neoer
9000

Flight Trajectory Comparison between ROC (blue) and ES% (red)
for Aircraft 737N9

xml files for xml files for 8000 -
90 Aircraft 90 Aircraft -
£ 7000}
' v £
Run AEDT Tester Run AEDT Tester Update ES% § 6000 -
t % 5000
RoC based ES% based o
Performance and Performance and 3 4000
noise results noise results E» 3000 |

2000

1000 -

0 1 1 I 1 I )
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Horizontal Distance (in ft) %10*
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Study 1: Testing All Combinations =/\=
of Stage Lengths and New Profiles ASCENT

« Test Matrix:

Aircraft Operation Procedure

90 Aircraft
Ircr Departure STANDARD For each aircraft:

MODIFIED _RTO05 Departure:
Airport MODIFIED_RT10 1x1x1x1x(1~9)X8
MODIFIED RT15 Arrival: 1
Houston (KIAH) MODIFIED AW
MODIFIED AW_RTO05
Stage length MODIFIED_AW_RT10
Al MODIFIED_AW_RT15

Runway

Shortest

7124 cases for 90

Weather Data
aircraft

ISA

- Objective:
— compare the fuel burn, emissions and noise results of the 8
profiles for all the stage lengths of each aircraft

« Overall, all cases ran successfully, there is no failure case

11



A\ 4 A\ 4
Test Results AN
ASCENT
« General trends for fuel burn and emissions:
— With thrust reduction increases
« Fuel burn, CO increases
«  NOXx decreases
« @General trends for noise contours:
— With thrust reduction increases
« Noise contour area and width decrease for all noise level
* Noise contour length change is dependent on noise level
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Study 2: Testing BADA4 and ANP
Models with New Profiles

« Test Matrix:

Aircraft Operation Procedure

90 Aircraft Departure

. STANDARD
Arport Arival MODIFIED_RTO5
MODIFIED_RT10
Atlanta (KATL) MODIFIED_RT15
Houston (KIAH) Shortest MODIFIED AW
Denver (KDEN) MODIFIED_AW_RT05
Weather Data MODIFIED_AW_RT10

MODIFIED_AW_RT1
SRR g Normal Temp. O _AW_RTLS

Maximum High Temp.

Runway

 Objective:

Departure:
3x1x1x1x2x8=48
Arrival:
3x1x1x2x1=6

Total Case:
48+6=54

ANP & BADAA4:
54x2=108

(4428 cases for
41 BAD4 aircraft
and 2646 cases
for ANP aircraft)

— compare the fuel burn, emissions and noise results between

BADA4 and ANP for all the 8 profiles of each aircraft
« 27 cases failed out of 4428 runs (0.6%)

13




Fuel Burn and Emissions Comparison —/\=
by Airport

ANP vs BADA4 Emission Comparison by Airport (%)

CO differ. (%)

Fuelburn differ. (%)

NOx differ. (%)

OPERATION TYPE
ARRIVAL

160 Max 14.98 Max 23.56 Max 17.46 Max 29.62 Max 163.4 Max 16.17
10 Q3 0.00 Q3 0.00 Q3 0.00 Q3 11.52 Q3 284 Q3 2.94
120 Med -6.65 Med -6.50 Med -6.91 Med 8.54 Med 15.2 Med 0.59
1o Q1 -11.84 Q1 -15.55 Q1 -12.79 Q1 4.72 Q1 8.8 Q1 -2.14
903 Min -38.87 Min -40.32 Min -40.90 Min -23.81 Min -25.4 Min -27.05
123 Max 36.73 Max 46.62 Max 41.61 Max 43.61 Max 196.3 Max 24.43
&5 Q3 0.00 Q3 0.00 Q3 0.00 Q3 17.1 Q3 40.2 Q3 5.66
140 Med -14.37 Med -13.55 Med -15.58 Med 12.61 Med 26.4 Med 1.49
120 Q1 -23.68 Q1 -28.04 Q1 -25.69 Q1 5.77 Q1 132 Q1 -3.69
100 Min -71.46 Min -71.13 Min -72.76 Min -23.22 45 Min -19.6 Min -29.93

50 Max 31.05 Max 47.02 Max 33.74 Max 4.660 Max 52.14 Max 2.310
45 Q3 9.43 ——E100G Q3 18.49 Q3 10.30 Q3 1.450 Q3 5.86 Q3 0.240
40 Med 3.13 Med 3.78 Med 4.03 Med 0.670 Med 1.78 Med 0.030
35 Q1 0.00 Q1 -0.06 Q1 0.01 Q1 0.150 Q1 0.49 Q1 -0.090
307 E Min -5.03 Min -9.00 Min -4.10 Min -1.130 Min -3.39 Min -1.790

AIRPORT

Outliers were found to be from Embraer aircraft, MD82, 737N17, and

A321-232; largely occurring for departure at KDEN
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Summary ?A?

« Summary statement

— Combination of better weight estimates, reduced thrust, and modeling of current
Noise Abatement Departure Procedures (NADPs) will yield more realistic noise and
emissions results

— Developed and implemented new profiles with alternative weight and reduced
thrust

— Tested the new profiles, and compared ANP and BADA4 results with new profiles

— Current procedures in AEDT do not match real world conditions for departure
procedures

— Results of this research will provide better understanding of the combined impacts
of these factors

- Next steps
— Improved takeoff weight modeling
— Improved Takeoff Thrust Modeling
— Add new flight procedures (NADPs) to better represent flights flown today

- Key challenges/barriers
— Access to real flight data and other validation data
— Iteration/automation of validation process

15
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