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Aerodynamic Design and Shape Optimization with the
Far-Field Drag Decomposition Approach

LI Li', BAI Junqiang" *, HE Xiaolong’
1.School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China;
2.Unmanned System Research Institute, Northwestern Polytechnical University, Xi'an 710072, China;
3.China Academy of Launch Vehicle Technology, Beijing 100076, China

Abstract; In the aerodynamic shape design, the drag prediction has always been an extremely challenging mission
for the exploration of a configuration. As for the more complex configurations, it is especially desired to the availa-
bility of a highly accurate and reliable aerodynamic numerical solution. For improving the drag prediction accuracy
and promoting the aerodynamic shape designs, firstly, the characteristics of drag prediction based on far-field drag
method and near-field drag method is analyzed and compared. Also, the merits and demerits of defining axial veloc-
ity defect with the current main far-field drag prediction approaches is summarized, which promotes the building of
the improved method of axial velocity defect and the improved far-field drag prediction and decomposition approach.
Moreover, during the establishment of the drag decomposition method, it is necessary to judge and decide on the
selection of the drag region. Therefore, the discussions on the sensitivity of the relevant parameters are fulfilled.
Furthermore, based on the far-field drag prediction and decomposition method constructed, the aerodynamic per-
formance research of Common Research Model wing-body configuration is launched. The results show that it can ef-
fectively observe and analyze the changes in drag components, their impact on the total drag and the contribution
percentage. Finally, combining the far-field drag prediction and decomposition method proposed in this paper with a
gradient-based aerodynamic shape optimization design system, the aerodynamic shape optimization designs are stud-
ied with CRM wing-body configuration. The results can not only directly analyze the detailed change of the visual-
ized drag region, but also can obtain the more accurate total drag and lift-to-drag ratio of the optimized configuration

by removing the spurious drag.

Keywords: drag prediction; drag decomposition; axial velocity defect; aerodynamic analysis; aerodynamic

shape optimization
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