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A Study on Numerical Optimization Method
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ABSTRACT

To develop the efficient numerical optimization method for the design of an airfoil, an evaluation of
various methods coupled with two-dimensional Navier-Stokes analysis is presented. Simplex method and
Hook-Jeeves method are used as direct search methods, and steepest descent method, conjugate gradient
method and DFP method are used as indirect search methods and are tested to determine the search
direction. To determine the moving distance, the golden section method and cubic interpolation method are
tested. The finite volume method is used to discretize two-dimensional Navier-Stokes equations, and SIMPLEC
algorithm is used for a velocity-pressure correction method. For the optimal design of two-dimensional
airfoil, maximum thickness, maximum ordinate of camber line and chordwise position of maximum ordinate
are chosen as design variables, and the ratio of drag coefficient to lift coefficient is selected as an objective
function. From the results, it is found that conjugate gradient method and cubic interpolation method are the
most efficient for the determination of search direction and the moving distance, respectively.
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Fig. 1 Grid system of C-type
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(1) #Hd FA(maximum thickness, T)

(2) #v A (maximum ordinate of camber line, MK)

(3) Ao Ao zm=waF Zol(chordwise position of
maximum ordinate, PK)
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Fig. 4 Variations of design variables and objective function in
simplex method

Table 1 Comparison of CPU time in. direct method

2 design variables
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14968 seconds

3 design variables
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Table 2 Comparison of SDM, CGM, DFP method with two and
three design variables

Final
; . No. of| CPU
Point | Final {No. of ?
Method Func. time
(Or P;(, Func. Tter. Eval (seconds)
00023
SDM | (%6t [08®0| 5 | 75 | 1535
dgygn oM | OBI5 Hoasl 4 | 0 | 12301
variables 8058}2 ’
DFP | 0252 losa0| 6 | 80 | 16308
0.0906
SDM | 05603 |08141] 7 | 133 | 27964
g;fslfg;l 0.0679
: 0.0890
vaniables | i | oa012 [oss1| 6 | 119 | 435
0.0841
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Fig. 6 Comparison of convergence criteria in conjugate gradient
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Fig. 7 Initial and final shapes of airfoll with two design variables
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Table 3 Comparison of cubic interpolation and golden section

methods
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