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Geometry Control Ability Evaluation of Classical
Airfoil Parametric Methods

Zhang Dehu, Xi Sheng, Tian Ding
(The First Aircraft Institute, Aviation Industry Corporation of China, Xi’an 710089, China)

Abstract: Refinement design requirements of modern aircraft configuration require airfoil parametric methods to
be of precise geometry control ability. Five representative classical airfoils are used as test airfoils and four clas-
sical airfoil parametric methods’ geometry control ability is evaluated based on the standard wind tunnel model
tolerance requirement, The four aitfoil parametric methods are Hicks-Henne parameterization, B-spline parame-
terization, PARSEC parameterization and CST parameterization respectively, Every parametric method’s appli-
cability is analyzed based on the evaluation results and its inherent characteristics. The evaluation results indicate
that airfoil geometry control abilities are different between the parametric methods and each method has its own
applicable scope. Geometry control ability evaluation of classical airfoil parametric methods can provide reference
for designers to choose suitable airfoil parametric method for engineering problems.
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Fig.1 Geometries of five test airfoils
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Table 1 Fitting results of Hicks-Henne parametric method

B2 A RS BABARE
NACA0012 28 0. 000 677
NACA®B4-110 24 0. 000 640
NASA SC(2)-0414 30 0. 000 682
RAE2822 26 0. 000 617
RAE5214 26 0. 000 645
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Fig.2 Upper surface fitting error
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Fig. 3 Lower surface fitting error
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Fig. 4 Hicks-Henne basic function curves with
15 nodes distributed uniformly from leading

edge to trailing edge
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Table 2 Fitting results of B-spline parametric method

- RS BABARE
NACA0012 12 0. 000 499
NACA®B4-110 20 0. 000 638
NASA. SC(2)-0414 24 0. 000 659
RAE2822 14 0. 000 645
RAE5214 18 0. 000 693
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Fig.6 Upper surface fitting error
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Fig.7 Lower surface fitting error
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Table 3 B-splines and control points number when

B-spline parametric method fits the test airfoils accurately

2 A RFEK BEESL FEH R
HEH54 0, 0.5, 54 1]
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Fig. 8 Fitting result and control points of different airfoils
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Table 4 Fitting results of PARSEC parametric method

L RS BARHARE
NACA0012 11 0. 000 651
NACA64-110 11 0. 001 105
NASA SC(2)-0414 11 0. 001 914
RAE2822 11 0. 001 733
RAE5214 11 0. 001 780
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Fig. 11 Upper surface fitting error
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Fig. 12 Lower surface fitting error

MK 4 A0 11~E 12 7] LUE W 7 A AL
BET, %S BTk R B X NACA0012 B
BHBHUE, AN MBS IREHR
K RAZTHERNBRESMNEERI IR E, TER
HEM R BRESME .

PARSEC 28T HEH BT S HB L, RE
ARS8 BE MRS R RARHKIL
T30 A R B ESME — A& BB PR S
B, RAERFHEaEE. B, X EKBEEMT
Xt 38 RIS P BE 0 BRI B0 R H
AER TR R,

3.4 CSTBHLFZE
CSTERZEI T EM T MEARBO S

ZRWME 5 i, ZS BT EXMN A MEEER -
TERNUGREZSHAWE 13~E 14 iR,

®5 CSTZHUTHEMEER

Table 5 Fitting results of CST parametric method

B2 A RS BABARE
NACA0012 6 0. 000 680
NACA®B4-110 58 0. 000 666
NASA SC(2)-0414 60 0. 001 480
RAE2822 10 0. 000 597
RAE5214 26 0. 000 696
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Fig. 13 Upper surface fitting error
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