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Application of free-form deformation technique for

RAE2822 airfoil optimization design

CHEN Lili, GUO Zheng, HOU Zhongxi
(College of Aeronautics and Astronautics, National University of Defense Technology, Changsha 410073, China)

Abstract; FFD (free-form deformation) technique was applied to achieve the parameterization of RAE2822 transonic airfoil. Then the method

of DoE (design of experiment) was used to obtain the sample values of design parameters by CFD ( computational fluid dynamics) numerical

simulation. Lastly, the optimization analysis was carried out by using the Kriging surrogate model and MIGA, NLPQL optimization algorithm. The

CFD values with optimized design parameters were regarded as the final results. The results show that the FFD parametric method can directly

realize deformation on airfoil mesh. Compared with original airfoil, the lift-to-drag ratio of optimized airfoil increases by 57.2% , therefore, the

proposed method is feasible and effective.
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Tab.1 Grid convergence study
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G2 384 x180 135720 82.2 206.4 -0.084 4
G3 440 x200 168 000 82.3 207.1 -0.084 5
G4 530 x250 252500 82.5 207.9 -0.0850
G5 600 x280 319200 82.6 209.4 -0.0853
L5
(9055 555 T _o_ g,
L | U G2
\0 G3
—— —G4
0.5 l\(j“c,eoo —— G5
TR
9.9°9m°°°o g,
Sl /o} Q%&“k%%mm
0.5 f
§
1
N T T

B3 ISR Ak b

Fig.3 Comparison of pressure coefficient distribution
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Tab.2  Control points distribution of airfoil surface

11 o, x/m  y/m Ay/m TR EBR
upper_ptl  0.056 0.029 +0.0059 -0.015 0.015
upper_pt2  0.110 0.040 +0.008 -0.02 0.02
upper_pt3  0.237 0.055 +0.010 -0.025 0.025
upper_pt4  0.495 0.062 +0.011 -0.03 0.03
upper_pt5 0.752 0.041 +0.0056 -0.014 0.014
upper_pt6  0.870 0.024 +0.002 8 -0.008 0.008
down_ptl  0.056 -0.030 +0.0059 -0.015 0.015
down_pt2  0.110 -0.040 +0.008 -0.02 0.02
down_pt3  0.237 -0.055 +0.010 -0.025 0.025
down_pt4  0.495 -0.051 +0.011 -0.03 0.03
down_pt5 0.752 -0.016 +0.0056 -0.014 0.014
down_pt6  0.870 -0.003 +0.002 8 -0.008 0.008
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Tab.3  Error evaluation of surrogate model

OB JR22 PR ¢, ¢, C,
RMSE  0.0780 0.0733  0.056 8
Kriging
R 0.8022 0.9249 0.8624
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Fig.6 Convergence graph of two rounds optimization
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Tab.4  Optimized parameters values of two rounds
upper_ptl upper_pt2 upper_ pt3 upper_ pt4 upper_ ptS upper_ pt6
H—A -0.010 6 -0.018 2 -0.0118 0.000 2 0.0133 -0.004
[ -0.009 2 -0.013 2 -0.0137 -0.000 1 0.0129 -0.000 8
down_ ptl down_ pt2 down_ pt3 down_ pt4 down_ pt5 down_ pt6
B4 -0.0102 -0.008 8 0.019 1 -0.003 8 0.001 9 0.007 8
Tt i1 -0.009 5 -0.002 9 -0.018 2 0.024 7 -0.008 1 -0.001 0
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Tab.5 Aerodynamic coefficients after the 1st round optimization

B e
FEAE(3.217 3°) 3° 3.19° 3.075° 3.061°
(o8 0. 824 0. 80 0. 860 9 0.829 4 0. 824
C, 0. 020 78 0.014 8 0.014 3 0.013 8 0.013 8
c, ~0.0840 ~0.092 5 ~0.090 5 ~0.090 4 ~0.090 7
K 39.7 54.1 60.2 60. 1 59.7
6 BoRMEMEHHEY
Tab.6  Aerodynamic coefficients after the 2nd round optimization
KB e
HeHE(3.217 3°) 3° 3.19° 3.075° 3.11°
C, 0. 824 0.793 8 0.842 8 0.8156 0. 824
C, 0. 020 78 0.013 3 0.013 8 0.013 1 0.013 2
C, -0.084 0 -0.089 3 -0. 088 -0.088 2 -0.087 9
K 39.7 59.7 61.1 62.3 62.4
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Fig.8 Comparison of pressure coefficient between

baseline airfoil and optimized airfoil
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(a) Pressure contour of baseline airfoil
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(b) Pressure contour of the 1st round optimized airfoil
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(¢) Pressure contour of the 2nd round optimized airfoil
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Fig.9 Comparison of pressure contour between

baseline airfoil and optimized airfoil

2) 2R H] Kriging fUHUEIRY AT 34 , B 22

RN Iy e AL T4 VRO H R A5 A
5L o R T B ¢ ORI L L B 5 T 4
57.2% H] AL AR B 5, BE BT T AR SO i A AT
.

3) il d 5l ISIGHT {4k, SE 8L [ 3l

AR i R R, A i R 5e 2 A 3

1,

e T aeR .

2 2 3Lk ( References)

(1]

(2]

(3]

(4]

(5]

(6]

Sederberg T W, Parry S R. Free-form deformation of solid
geometric models[ J]. ACM SIGGRAPH Computer Graphics,
1986, 20(4) : 151 - 160.

Samareh J A. Aerodynamic shape optimization based on free-
form deformation [ C ]//Proceedings of 10th ATAA/ISSMO
Multidisciplinary Analysis and Optimization Conference,
2004.

Zhang Y, Han Z H, Shi L X, et al. Multi-round surrogate-
based optimization for benchmark aerodynamic design
problems|[ C]//Proceedings of 54th ATAA Aerospace Sciences
Meeting, 2016.

FIR, BEA, B, % T U0 CST S80I
AT SR LA Bt [T]. s 2£4i, 2015, 36(2):
449 -461.

WANG Xun, CAI Jinsheng, QU Kun, et al. Airfoil
optimization based on improved CST parametric method and
transition model[ J ]. Acta Aeronautica et Astronautica Sinica,
2015, 36(2) : 449 —-461. (in Chinese)

M, WIE, G E, & ET IR BT
R0I]. BB 2R, 2013, 35(2) ¢ 1 -6.

ZHU Xiongfeng, GUO Zheng, HOU Zhongxi, et al. Dynamic
mesh based airfoil design optimization[ J]. Journal of National
University of Defense Technology, 2013, 35(2): 1 -6. (in
Chinese)

Hfiam, £, I, & Ml SR R vt
WIELT]. =Bk, 2011, 29(4) « 459 - 463.



5 1

WRaror, 45 B il A EHORTE RAE2822 SRR B i i BT

<53 .

BAI Junqgiang, WANG Bo, SUN Zhiwei, et al. The research
of robust supercritical airfoil design optimization [ J]. Acta
Aerodynamica Sinica, 2011, 29 (4). 459 - 463. (in
Chinese)

FRA, R, R, . HHARME FFD BORTEF A 5)
et h g AL ] i TR EOR, 2013, 43 (1) .
40 -43.

CHEN Song, BAI Jungiang, HUA Jun, et al. Application of
direct manipulated FFD technique in airfoil aerodynamic
optimization[ J]. Aeronautical Computing Technique, 2013,
43(1): 40 -43. (in Chinese)

FRast, FR5, IVE S, 4. ST DFFD HiR 9378 3)
PeABeiT[I]. fizs 24, 2014, 35(3) : 695 -705.
CHEN Song, BAI SUN  Zhiwei, et al

Aerodynamic optimization design of airfoil using DFFD

Jungiang,

technique [ J ]. Acta Aeronautica et Astronautica Sinica,
2014, 35(3): 695 -705. (in Chinese)

ERVE, W, FBE, SE. il ST RO B o
Br B AL B3t [ 1] Mt %8 2% 4k, 2015, 36 (10):
3275 -3283.

WANG Kelei, ZHOU Zhou, XU Xiaoping, et al. Flow
characteristics analysis and optimization design of supercritical
airfoil at low Reynolds number [ J]. Acta Aeronautica et
Astronautica Sinica, 2015, 36 (10): 3275 — 3283. (in
Chinese)

Kenway G K W, Martins ] R R A. Multipoint aerodynamic

[11]

[12]

[13]

[14]

[15]

[16]

shape optimization investigations of the common research
model wing[ J]. AIAA Journal, 2016, 54(1): 113 -128.

Koo D, Zingg D W.
optimization based on the Reynolds-averaged Navier-Stokes
of 54th AIAA Aerospace

Progress in aerodynamic shape
equations [ C ]//Proceedings
Sciences Meeting, 2016.
Sobester A, Forrester A 1 J. Aircraft aerodynamic design:
geometry and optimization[ M]. United Kingdom: John Wiley &
Sons, Ltd, 2014.

Fluent A. ANSYS FLUENT 17. 0 user’s guide[ M ].
ANSYS, Inc, 2016.

Sacks J, Welch W J, Mitchell T J, et al. Design and analysis
Statistical Science, 1989,

USA:

of computer experiments [ J .
4(4); 409 —423.

HhibAe. Kriging B8 R QBRI (LR se it e [ ] iz
#4k, 2016, 37(11) : 3197 - 3225.

HAN Zhonghua. Kriging surrogate model and its application to
design optimization: a review of recent progress[J]. Acta
Aeronautica et Astronautica Sinica, 2016, 37(11) . 3197 -
3225. (in Chinese)

Cook P H, McDonald M A, Firmin M C P. Aerofoil
RAE 2822 pressure distributions, and boundary layer and
wake measurements [ R ]. Experimental Data Base for
AGARD Report AR

Computer

138, 1977.

Program  Assessment,



