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The research on the influence of hypersonic blunt cone pitching

dynamic derivatives calculation

ZHAO Wenwen' , CHEN Weifang' , SHAO Chun', SHI Yuzhong’

(1. College of Aeronautics and Astronautics, Zhejiang University, Hangzhou 310027, China;

2. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; The steady aerodynamic coefficient and pitching dynamic derivative of blunted conical models in hypersonic flow was validated by

using implicit scheme, with the technology of the dual time stepping, rigid rotary grid deformation and least square method. Compared with the

results from experiments and engineering method, the influence of the pitching dynamic derivative with different grid, bluntness ratio, angle of

attack and the center of the gravity was investigated. Moreover, some of the key differences of the dynamic derivative results were derived from using

different schemes, including high-order WENO and WNND schemes. The result shows that the viscid resolution of the scheme is the main source of

the difference.
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Fig. 1 Base-line geometry of the blunt cone
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Tab.1 Comparison of the steady results between

experiment and CFD

A WEE ERE RE
CN  — — —
0° CA 0.2904  0.2826 2.76%
cM  — —
CN 0.09334  0.09395 0.64%
4 CA  0.2945  0.2874 0.71%
CM 0.05179  0.05366 3.48%
CN  0.6390  0.6354 0.37%
20° CA  0.3575  0.3648 0.73%
CM  0.3800  0.3824 0.63%
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Tab.2  Static/Dynamic derivatives of different grids

Gridl Grid2 Grid3 SCIGE
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Fig.3 Dynamic derivatives for different centers of gravity
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Fig.4 Dynamic derivatives for different bluntness cones
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Tab.3  Static/Dynamic derivatives of different schemes

TR (W) ST (RZE)
S -0.0395 -0.0762
ROE(FDS)  -0.0386(2.3%) —0.0728(4.5%)
Van-Leer(FVS) —0.0396(2.5%) -0.0521(31.6% )
AUSMPW +  -0.0375(5.1%) —0.0793(4.1%)
WENO ~0.0391(1.0%) —0.0719(5.6% )
WNND -0.0382(3.3% ) -0.0722(5.2%)
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Tab.4  Static/Dynamic derivatives of different schemes

i B 22) B PR (i)
SR -0.0648 -0.0636
ROE(FDS)  -0.0637(1.7%) -0.0596(6.3% )
Van-Leer(FVS) -0.0621(4.2% ) -0.0418(34.3%)
AUSMPW +  -0.0629(2.9%) —0.0668(5.0% )
WENO -0.0635(2.0% ) —0.0606(4.7% )
WNND -0.0628(3.1%) —0.0602(5.3%)
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Fig.5 Dynamic pitching moment of different schemes
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