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Fig. 1 Concept of large aircraft drag forces and drag
reduction potential analysis
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Fig. 2 Main contributing area of laminar and turbulent

flow for large aircraft
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Fig. 3 The present basic framework for numerical aerodynamic shape optimization design of aircraft
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Table 1 Comparison of drag coefficient of NASA CRM
between with and without optimization
(kS BRI | RGP | ECPIE R
C, (157 288.36 279.81 281.83
C, -0.0466 -0.0444 0
H/(°) 2.40 248 2.58
VBLBH /% — 2.97 2.26
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(Left: contour of vorticity magnitude; Right: distribution of skin friction)
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Towards Drag Reduction Via Numerical Aerodynamic Shape Optimization and
Active Flow Control

Li Li*, Liu Fengbo, Liang Yihua
AVIC Xi'an Aerodynamics Computing Technique Research Institute, Xi’an 710068, China

Abstract: It is long-term goal to increase lift and decrease drag in large aircraft design. In this paper, the state-of-art
and perspectives for drag reduction technologies for civil aircraft are firstly reviewed, and then some recent new
progress made by ACTRI group for drag reduction via numerical aerodynamic shape optimization and active flow
control are reported. To do that, some advanced numerical techniques have been developed for accurate modeling
turbulence boundary layer based on the Wall Modeled Large Eddy Simulation (WMLES) approach, and fast
implementation of numerical aerodynamic shape optimization with an adjoint-equation based approach. Through the
adjoint-equation based optimization approach, an engineering oriented aerodynamic shape optimization strategy and
software framework towards to very large optimization parameters with engineering constraints for full aircraft had
been established. It is demonstrated that the present numerical aerodynamic shape optimization approach is feasible
to reduce the total drag on a full large aircraft (namely the NASA CRM transporter model) with practical engineering
constraints more that 2%, while through active flow control with unsteady jet array for outer structure control of
turbulent flat plate boundary layer, a 5%~6% Drag Reduction (DR) rate could be achieved in a middle Reynolds
number case at Re,=4700. It is concluded that both numerical aerodynamic shape optimization and active flow control
could be two promising approaches for drag reduction of civil aircraft.
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