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Airfoil Performance Model
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The Airfoil Performance Model estimates the aerodynamic 
performance of an airfoil taking into account its surface status by 

means of machine learning algorithms

What is the APM? 
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NACA 2421 – Camber curve NACA 2421 – Thickness curve
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Clean Roughness Erosion Type II
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Roughness

Erosion Type II Us

Ls
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Experimental XFoil CFD
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Experimental

XFoil

CFD
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Experimental

XFoil

CFD

NACA (107), DU (7) airfoils
mainly

Reynolds from 1 to 9 million

No erosion and small amount of
roughness conditions
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Experimental

XFoil

CFD

Erosion not included

Drag underestimated

Discarded from dataset



18

Experimental

XFoil

CFD

43 different airfoils initially 
considered

Reynolds of 6, 9, 12 million

Broaden the surface conditions 
considered
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Random Forest

Easy to train

Less tendency to overfitting

Poor extrapolation

Neural networks

Require more pre-processing 

Risk of overfitting

Requires more data



Estimation of an unseen airfoil
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Preliminary 
results
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Preliminary results

Training & Validation 
dataset

NACA 63-418
DU95W180
DUW401
S1223
NACA 67-215
DU93W210
CLARK-YM18
NACA 0009

AH93-K-132
NACA 0006
NACA 23021
NACA 4421
NACA 1410
DU97W300

S814
DUW350v

#------------ REYNOLDS -------------

Re_List=(6e6 9e6 12e6)

#------------ ROUGHNESS ------------

roughnessUpperSurface=(0.1 0.15 0.2)

roughnessLowerSurface=(0.1 0.15 0.2)

roughness_hs=(1e-4 2.5e-4 5e-4)

#------------- EROSION -------------

erosionUpperSurface=(0.01 0.02 0.04)

erosionLowerSurface=(0.01 0.02 0.04)

depth=(1e-3 4e-3 8e-3)

Parameters

Test

NACA 2421

Unseen airfoil

#------- CFD DATA -------
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CFD result
Estimation

Preliminary results

Unseen airfoil

Lift coefficient
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CFD result
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Airfoil coordinates
Surface status
Reynolds Number
Angles of attack

Aerodynamic 
curves & efficiency

Machine learning 
algorithms
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Machine learning 
algorithms

Airfoil coordinates
Surface status
Reynolds Number
Angles of attack

Aerodynamic 
curves & efficiency

Broaden the
dataset

Define evaluation
methodology

Final tool

JUNE



Advanced study of 
the atmospheric flow 
integrating real 
climate conditions

gcampana@cener.com
bmendez@cener.com

info@cener.com
AIREproject@cener.com



Mesh details:
Å 124,251 elements
Å 500 surface points
Å 250 normal points
Å Hyperbolic meshes
Å O – Grid
Å Farfield at 20 chords
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CFD details
Model details details:
Å Fully turbulent - kOmegaSST
Å Wall functions Ą yPlus ~ 30
Å TI 1%
Å Roughness Cebeci & Bradshaw
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