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+ DLR F4

ã Subsonic wing/body transport configuration.

ã Extremely high drag rise starts at Mach .78

ã Single point design delays drag rise to Marh .82.

ã However there exists drag penalty at lower speed.

ã Multipoint design can be employed but the drag reduction benefit is smaller.
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+ Drag Rise and Wing L

D
of DLR F4 optimized at Mach .80
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+ Drag Rise and Wing L

D
of DLR F4 optimized at Mach .81

Drag Rise Wing L

D

0.65 0.7 0.75 0.8 0.85 0.9
200

250

300

350

400

450

500

550

Mach

C
D

 (c
ou

nt
s)

Drag rise at fixed CL
Baseline
Redesign

0.65 0.7 0.75 0.8 0.85 0.9
8

10

12

14

16

18

20

22

24

Mach

W
in

g 
L/

D

Wing L/D vs. Mach at fixed CL
Baseline
Redesign

- - - : Baseline

—– : Redesign

c© A. Jameson 2005
Stanford University, Stanford, CA

4/13 Efficient Aerodynamic Shape Optimization



+ Drag Rise and Wing L

D
of DLR F4 optimized at Mach .72, .77, .79,

and .81
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+ Cp dirtribution at Mach .74 ( Baseline)

DLR F4                                                                          
Mach: 0.740    Alpha:-0.531                                                     
CL:  0.501    CD: 0.02286    CM:-0.1669                                         
Design:   0    Residual:  0.2270E-03                                            
Grid: 257X 65X 49                                                               

Cl:  0.477    Cd: 0.06336    Cm:-0.2223                                         
Root Section:  15.6% Semi-Span

Cp = -2.0

Cl:  0.722    Cd: 0.01384    Cm:-0.3249                                         
Mid Section:  51.5% Semi-Span

Cp = -2.0

Cl:  0.579    Cd:-0.00454    Cm:-0.2642                                         
Tip Section:  92.6% Semi-Span

Cp = -2.0
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+ Cp dirtribution at Mach .74 ( Wing optimized at Mach .80)

DLR F4                                                                          
Mach: 0.740    Alpha: 0.610                                                     
CL:  0.501    CD: 0.02440    CM:-0.1452                                         
Design:   0    Residual:  0.2729E-03                                            
Grid: 257X 65X 49                                                               

Cl:  0.525    Cd: 0.07291    Cm:-0.2259                                         
Root Section:  15.6% Semi-Span

Cp = -2.0

Cl:  0.705    Cd: 0.01357    Cm:-0.3006                                         
Mid Section:  51.5% Semi-Span

Cp = -2.0

Cl:  0.522    Cd:-0.00699    Cm:-0.2549                                         
Tip Section:  92.6% Semi-Span

Cp = -2.0
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+ Cp dirtribution at Mach .74 ( Wing optimized at Mach .81)

DLR F4                                                                          
Mach: 0.740    Alpha: 0.610                                                     
CL:  0.501    CD: 0.02440    CM:-0.1452                                         
Design:   0    Residual:  0.2729E-03                                            
Grid: 257X 65X 49                                                               

Cl:  0.525    Cd: 0.07291    Cm:-0.2259                                         
Root Section:  15.6% Semi-Span

Cp = -2.0

Cl:  0.705    Cd: 0.01357    Cm:-0.3006                                         
Mid Section:  51.5% Semi-Span

Cp = -2.0

Cl:  0.522    Cd:-0.00699    Cm:-0.2549                                         
Tip Section:  92.6% Semi-Span

Cp = -2.0
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+ Cp dirtribution at Mach .74 ( Multi-point Design)

DLR F4                                                                          
Mach: 0.740    Alpha: 0.454                                                     
CL:  0.501    CD: 0.02284    CM:-0.1460                                         
Design:   0    Residual:  0.2635E-03                                            
Grid: 257X 65X 49                                                               

Cl:  0.523    Cd: 0.07190    Cm:-0.2289                                         
Root Section:  15.6% Semi-Span

Cp = -2.0

Cl:  0.714    Cd: 0.01069    Cm:-0.3068                                         
Mid Section:  51.5% Semi-Span

Cp = -2.0

Cl:  0.505    Cd:-0.00826    Cm:-0.2435                                         
Tip Section:  92.6% Semi-Span

Cp = -2.0
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+ Cp dirtribution at Mach .80 ( Baseline)

DLR F4                                                                          
Mach: 0.800    Alpha:-0.908                                                     
CL:  0.501    CD: 0.02839    CM:-0.1835                                         
Design:   0    Residual:  0.3129E-03                                            
Grid: 257X 65X 49                                                               

Cl:  0.477    Cd: 0.07155    Cm:-0.2401                                         
Root Section:  15.6% Semi-Span

Cp = -2.0

Cl:  0.721    Cd: 0.02354    Cm:-0.3575                                         
Mid Section:  51.5% Semi-Span

Cp = -2.0

Cl:  0.581    Cd:-0.00694    Cm:-0.2705                                         
Tip Section:  92.6% Semi-Span

Cp = -2.0
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+ Cp dirtribution at Mach .80 ( Wing optimized at Mach .80)

DLR F4                                                                          
Mach: 0.800    Alpha: 0.032                                                     
CL:  0.500    CD: 0.02541    CM:-0.1568                                         
Design:   0    Residual:  0.3057E-03                                            
Grid: 257X 65X 49                                                               

Cl:  0.517    Cd: 0.07904    Cm:-0.2397                                         
Root Section:  15.6% Semi-Span

Cp = -2.0

Cl:  0.717    Cd: 0.01269    Cm:-0.3251                                         
Mid Section:  51.5% Semi-Span

Cp = -2.0

Cl:  0.507    Cd:-0.01132    Cm:-0.2554                                         
Tip Section:  92.6% Semi-Span

Cp = -2.0
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+ Cp dirtribution at Mach .80 ( Wing optimized at Mach .81)

DLR F4                                                                          
Mach: 0.800    Alpha: 0.032                                                     
CL:  0.500    CD: 0.02541    CM:-0.1568                                         
Design:   0    Residual:  0.3057E-03                                            
Grid: 257X 65X 49                                                               

Cl:  0.517    Cd: 0.07904    Cm:-0.2397                                         
Root Section:  15.6% Semi-Span

Cp = -2.0

Cl:  0.717    Cd: 0.01269    Cm:-0.3251                                         
Mid Section:  51.5% Semi-Span

Cp = -2.0

Cl:  0.507    Cd:-0.01132    Cm:-0.2554                                         
Tip Section:  92.6% Semi-Span

Cp = -2.0
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+ Cp dirtribution at Mach .80 ( Multi-point Design)

DLR F4                                                                          
Mach: 0.800    Alpha:-0.149                                                     
CL:  0.501    CD: 0.02476    CM:-0.1640                                         
Design:   0    Residual:  0.3006E-03                                            
Grid: 257X 65X 49                                                               

Cl:  0.513    Cd: 0.07804    Cm:-0.2442                                         
Root Section:  15.6% Semi-Span

Cp = -2.0

Cl:  0.723    Cd: 0.01318    Cm:-0.3419                                         
Mid Section:  51.5% Semi-Span

Cp = -2.0

Cl:  0.499    Cd:-0.01306    Cm:-0.2486                                         
Tip Section:  92.6% Semi-Span

Cp = -2.0
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