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S1  Code validation 

To verify the accuracy of the numerical simulation method, wind tunnel test data for two vehicle 

models were selected as a reference. Comparison data at subsonic and hypersonic speeds are from 

wind tunnel tests of DLR-F6 WB and AGARD-B, respectively. 

 

Fig. S1: Main dimensions of the DLR-F6 WB configuration 

 

S1.1  DLR-F6 at Ma = 0.75 

The primary parameters of the DLR-F6 WB configuration are shown in Fig. S1. The DLR-F6 

wing-body assembly configuration designed by the German Aerospace Academy (DLR) was the 

study model chosen for the DPW II and DPW III workshops Clark et al. (2012); Laflin et al. (2005). 

Experimental measurements of the configuration were carried out in the S2MA wind tunnel at 
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the Office National d′ Etudes et de Recherches Aerospatiales (ONERA) in France. The influence of 

different factors (turbulence model, turning model and viscous model) on the drag calculation was 

investigated using the CLF3D and OVERFLOW software platforms by NASA and Langley Centre 

Sclafani et al. (2014).  The lift coefficient and drag coefficient of the DLR-F6 WB were calculated 

by the numerical simulation method, and the comparison of them with the wind tunnel test results 

are shown in Fig. S2 and Table S1. The maximum error in the lift coefficient for different angles of 

attack is 8.100%, and the average value of the error is 2.529%.  The maximum error in the drag 

coefficient for different angles of attack is 9.312%, and the average value of the error is 7.867%. 

The comparison results demonstrate that the calculation approach in this study has enough calculation 

accuracy in the subsonic speed range. 

 

       Table S1: Difference of lift and drag coefficients compared with experimental data at Ma = 0.75 
 

Angle of attack, α (◦ ) -3 -2 -1.5 -1 0 1 1.5 

Difference in lift coefficient (%) 8.100 3.563 1.844 2.299 1.122 -0.001 0.779 

Difference in drag coefficient (%) 2.139 9.312 6.323 7.547 6.862 3.910 2.041 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) Lift coefficients.                                                             (b) Drag coefficients. 

Fig. S2: Comparison of numerical and experimental data at the Mach number of 0.75 

 

S1.2  AGARD-B at Ma = 5 

 

Fig. S3: Main dimensions of the AGARD-B WB configuration 

 

Table S2: Difference of lift and drag coefficients compared with experimental data at Ma = 5 
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Angle of attack, α (◦ ) 0 2 4 6 8 10 

Difference in lift coefficient (%) 0.003 5.556 2.817 2.703 1.994 0.002 

Difference in drag coefficient (%) 4.546 2.740 4.495 3.419 1.266 0.952 

 

 

Fig. S4: Comparison of numerical and experimental data at the Mach number of 5 

 

The wind tunnel test model AGARD-B was selected for validation of the hypersonic phase. Fig. 

S3 depicts the basic dimensions of the AGARD-B vehicle and Fig. S4 compares the AGARD- B test 

results with the aerodynamic data obtained using numerical methods.  The test data and geometrical 

parameters are referred to in  Gjb. (2002).  From Fig. S4 and Table S2, it can be seen that the 

numerical simulation results are in good agreement with the test values.  The maximum error in the lift 

coefficient for different angles of attack is 5.556%, and the average value of the error is 2.179%. The 

maximum error in the drag coefficient for different angles of attack is 4.546%, and the average value of 

the error is 2.903%. From the requirement of aerodynamic calculation accuracy, the adopted grid 

division strategy and calculation method can meet the requirements of the study. 

 

S1.3  Computational grid and grid independence validation 

A three-dimensional docked structured grid is used to numerically simulate and assess the flow 

field condition of the vehicle′ s aerodynamic configuration. Because the wide-speed range morph- 

ing vehicle in this study has an axisymmetric structure, side slip can be ignored in numerical simu- 

ations to lower computational effort using half-mode networks. Fig. S5 displays the aerodynamic 

layout′ s surface and symmetry mesh in the computational process. An O-shaped topology is used 

and the flow field space near the walls of the aerodynamic layout is finely divided. Considering 

the influence of the computational grid on the results, grid-independence validation is required. 

Three sets of grids are constructed separately, defined as fine, medium and coarse grids. The num- 

ber of meshes for fine, medium and coarse grids are 17.13 million, 8.28 million and 5.49 million, 

respectively. Calculating the lift coefficient CL  and drag coefficient CD  of the aerodynamic layout at 

Mach 6, angle of attack 6◦  , swept angle of 45◦  and without considering the sideslip angle, the 

calculated results of the numerical simulation are shown in Table S3 and Fig. S6. Considering the 

allocation of computational resources and the accuracy of the calculation results, the medium grid is 

selected as the computational grid for the wide-speed morphing vehicle. 
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Fig. S5: Computational grids for the hypersonic phase 

 

Table S3: Grid-independent verification 

 

Parameter 

Reference value 

(Fine grid) 

Medium grid Coarse grid 

Value Error (%) Value Error (%) 

CL 0.214368  212662 0.796 0.207523 3.19 

CD 0.061435  061127 0.501 0.059843 2.59 

 

 
Fig. S6: Grid-independence validation bar chart 
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