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Polynomial-based continuous-curvature leading edge design

method and its application
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Abstract: To optimize the leading edge (LLE) shape for improving airfoil aerodynamic
performance, a polynomial based continuous-curvature LE design method was proposed. By
specifying derivatives of camber-line and thickness distribution at the junction point, the con-
tinuous surface curvature was guaranteed. The length and the fullness of the LE portion
could be specified according to design need. The method was used to optimize the LE portion
of two subsonic airfoils with inlet Mach number of 0. 75 and 0. 60, respectively. Simulations
indicated that the LE optimized airfoils had much lower suction spike strength, which de-
creased the gradient of adverse pressure caused by flow diffusion. Therefore, the LE separa-
tion bubble was suppressed and the premature transition of boundary-layer was avoided. Due

to these two factors, the LE optimized airfoils had much lower loss level at off-design condi-
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tions and the useful operation range were increased by 3. 1°and 3. 8° compared with circular

LE airfoil, respectively. The leading edge of a transonic compressor stage was also modified

by this method, the increase of adiabatic efficiency for rotor and stage were 0. 7 percent and

1.1 percent at near stall condition, respectively, with stall margin also extended.

Key words:

leading edge shape; polynomial methodology; continuous-curvature;

suction spike; aerodynamic performance
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Table 3 Numerical method verification: airfoil operation parameters of experiment and calculation

P1 P2 P3
ZH
S HE M T S T
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B/ 43 43 47 47 51 51
% 1.091 1. 100 1.102 1. 100 1.114 1.100
Re./10° 8.59 8.57 8.41 8.57 8.63 8.57
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Table 4 Numerical method verification: experimental and calculatedairfoil aerodynamic performances

T B/ () b+ w T3 B/ b 19) TH B/ () b w
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