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MULTI-STAGE AERODYNAMIC DESIGN OF AIRCRAFT GEOMETRIES
BY KRIGING-BASED MODELS AND ADJOINT VARIABLE APPROACH
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An efficient and high-fidelity design approach for wing-body shape optimization is presented. Depending on the
size of design space and the number of design of variable, aerodynamic shape optimization process is carried out
via different optimization strategies at each design stage. In the first stage, global optimization techniques are
applied to planform design with a few geometric design variables. In the second stage, local optimization techniques
are used for wing surface design with a lot of design variables to maintain a sufficient design space with a high
DOF (Degree of Freedom) geometric change. For global optimization, Kriging method in conjunction with Genetic
Algorithm (GA) is used. Asearching algorithm of EI (Expected Improvement) points is introduced to enhance the
quality of global optimization for the wing-planform design. For local optimization, a discrete adjoint method is
adopted. By the successive combination of global and local optimization techniques, drag minimization is performed
for a multi-body aircraft configuration while maintaining the baseline lift and the wing weight at the same time.
Through the design process, performances of the test models are remarkably improved in comparison with the single
stage design approach. The performance of the proposed design framework including wing planform design variables
can be efficiently evaluated by the drag decomposition method, which can examine the improvement of various drag
components, such as induced drag, wave drag, viscous drag and profile drag.
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Fig. 5 Pressure contour of Kriging-EI method
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Table 1 Geometric information of ONERA-M6 and designed wing

Design variables(Dv) || Min Base Max | Kriging+EI
Dvl | Sweepback (1) 25 30 35 33.6972
Dv2 | Half span(s/2) | 1.3240 | 1.4712 | 1.6183 | 1.466160
Dv3 | Taper ratio(c,/c,)|| 0.5058 | 0.5620 | 0.6182 | 0.527694
Dv4 | Twist angle(s) -2 0 2 -0.01857

Table 2 Comparison of objective functions and constraint value (planform design / ONEAR-M6).

. Krigingl +GA Kriging2 +GA Kriging-EI +GA
Obj. fn. & -} 5 oline model Predicted Predicted Predicted
Constraint Real value Real value Real value
value value value
CL 0.261746 0.26174 0.2601053 None None 0.260879 0.2602198
Cp 0.011937 0.01059 0.0103969 None None 0.010961 0.0111651
Weight 6.497615 Not included None 6.4926028
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Fig. 6 Pressure contour of 2-stage design model
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Table 3 Comparison of objective functions and constraint value for designed models (ONERA-M6).

. . . Planform design only Surface design only Multi-stage design
. fn. traint Basel 1 W
Obj. fn. & Constrain ascline mode Kriging-EI +GA (Adjoint) Kriging-E1 + GA + Adjoint
CL 0.261746 0.2602198 0.259997 0.2601049
Cp 0.011937 0.0111651 0.007868 0.0075882
Table 4 Comparison of aerodynamic performances evaluated by drag decomposition methods.
Design strategy Prediction method Cp Cp - entropy Cp - induced
Surface integration 0.261746 0.011937 N/A N/A
Baseline model
Wake integration 0.267401 0.010837 0.00738432 0.00345286
Planform only Surface integration 0.260219 0.011165 N/A N/A
(Kriging-FI +GA) Wake integration 0.270864 0.009873 0.00630170 0.00357173
Surface only Surface integration 0.259997 0.007868 N/A N/A
e Wake integration 0.270641 0.007347 0.00360265 0.00374472
Surface integration 0.260104 0.007588 N/A N/A
2-stage design
Wake integration 0.262512 0.007124 0.00362269 0.00350174
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Fig. 8 Wing planform variables of DLR-F4
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Table 5 Design variables and optimum values of DLR-F4 wing/body

Design variable (Dv) Min Baseline Max Kriging Kriging-EI
Dvl Sweepback(A) 25° 27.15° 30° 27.187492 27.03516°
Dv2 Kink-Span(Skink) 3733.5 4148.6 4563.2 3886.7324 3908.1826
Dv3 Semi-Span(Ssemi) 11682.0 12980.5 14273.0 12840.069 12990.120
Dv4 Kink-Chord(Ckink) 2731.2 3034.7 3338.1 3138.7873 3160.5550
Dv5 Tip-Chord(Csemi) 1401.0 1556.7 1712.4 1570.5044 1501.5888
Dv6 Twist Angle(0) -5.0° -4.631° -3.0° -4.445511 -4.603918°
Const. Wing Weight(WW0) 14.3024 14.284285 14.299511

Table 6 Comparison of objective functions/constraint value for design model (planform design / DLR-F4).

Obj. fn. & Constraint Baseline model Krigingl +GA Kriging-EI +GA
Predicted value Real value Predicted value Real value
Co 0.710176 0.71020 0.708225 0.71020 0.711111
Cp 0.023014 0.02139 0.021064 0.02078 0.020632
Weight 14.3024 14.284285 14.299511

Table 7 Comparison of objective functions/constraint value for design model (DLR-F4)

Obj. fn. & Constraint

Baseline model

1st-stage design

2nd-stage design

Krigingl +GA

Kriging1-EI +GA Kriging1-EI +Adjoint

CL

0.710176

0.708225

0.711111 0.7077625

CD

0.023014

0.021064

0.020632 0.0202102
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