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Abstract

Solving numerical optimization problems while aerodynamic design is a modern and up-to-date tool of aircraft 

engineering performance characteristics ensuring speciÞ ed in the terms of reference. Computation and analysis 

of options multitude by computer modeling can signiÞ cantly minimize design costs by reducing the number of 

expensive wing-tunnel experiments.

One of the urgent optimization tasks consists in optimizing the wing airfoils shape and position of the high-lift wing 

airfoils constituent parts, such as ß aps, slats and the basic part of the airfoil. Application of various optimization 

algorithms allowed clarifying the eff ective shape or position of mechanization without a pipe experiment and 

empirical techniques.

The article presents the results of numerical optimization of the ß ap position of a high-lift wing airfoil for landing 

mode. The values of the gap, overlap and deß ection angles of the airfoil ß ap and rear part were selected as variable 

parameters. Basic aerodynamic characteristics of both initial and optimized wing proÞ les in the landing conÞ guration 

were obtained with the numerical simulation. The authors give the eff ectiveness estimation of the optimization 

method being employed while the wing high-lift airfoils in landing conÞ guration design.

Numerical simulation of the ß ow-around was accomplished with the ANSYS FLUENT software. A system of 

Reynolds averaged Navier-Stokes equations closed by the Spalart-Allmaras turbulence model was being solved. 

Numerical problem of the airfoil ß ow-around by a viscous compressible turbulent gas (air) is being solved in a 

stationary formulation. The computational grid consists predominantly of rectangular elements with near-wall 

prismatic layer.

Methods recounted in the article allow achieving optimal position of the airfoil trailing edge mechanization to 

ensure the best aerodynamic characteristics at the landing mode.

Keywords: high-lift airfoil, takeoff -and-landing conÞ guration, genetic algorithm, Multi-Objective Genetic 

Algorithms (MOGA)
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;а>DO?>а,

И;@9A9A<9 G7?а 

BF>?BA9A<я 

>DOL<,

1 0,43 0,24 0 0

2 0,93 0,06 6,23 �1,47

3 2,67 0,15 �0,93 6,22

4 2,09 0,92 0,56 3,56

5 2,36 �0,47 8,7 6,67

� � � � �

29 1,05 0,46 10,19 �0,44

    4       5
$8E. 7. #B25DIABEFP BF>?8>0, CBEFDB5AA0S E CB@BMPR: 4 � CB?8AB@0@8 2-3B CBDS4>0;
              5 � 35A5F8K5E>B3B 0?3BD8F@0

�?S CBEFDB5A8S C?0A0 Q>EC5D8@5AF0 8ECB?P7G-
5FES @5FB4 ?0F8AE>B3B 38C5D>G10 [11]. "A CB72B?S5F 
D02AB@5DAB 70CB?A8FP @0FD8JG D0EK5FAOI E?GK052 
(F01?. 1).

#B D57G?PF0F0@ K8E?5AAOI D0EK5FB2 @5I0A878-

DB20AAOI CDBH8?5= 1O?8 EB740AO CB25DIABEF8 

BF>?8>0, CBEFDB5AAO5 E CB@BMPR CB?8AB@B2 2-3B 
CBDS4>0 8 35A5F8K5E>B3B 0?3BD8F@0. #B?GK82L85ES 
CB25DIABEF8 BF>?8>0 CD54EF02?5AO A0 D8E. 7.

�7 D8E. 7 284AB, KFB CB25DIABEFP BF>?8>0, CB-
EFDB5AA0S E CB@BMPR 35A5F8K5E>B3B 0?3BD8F@0, 
405F @5APLGR ED54A5>2040DF8KAGR BL81>G CB 
ED02A5A8R E CB25DIABEFPR BF>?8>0, CBEFDB5AAB= 

E CB@BMPR CB?8AB@B2 2-3B CBDS4>0. �5A5F8K5-
E>8= 0?3BD8F@ S2?S5FES 2EFDB5AAO@ 0?3BD8F@B@ 

#" Ansys Workbench [12, 13] 8 BEAB20A A0 2O1BD5 
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2-3B CBDS4>0, >D838A3 [14�17], A5C0D0@5FD8K5E>0S 
D53D5EE8S). (GA>J8S CD8ECBEB1?5AABEF8 >064B= 

CB25DIABEF8 BF>?8>0 8ECB?P7G5FES 4?S BCD545?5A8S 
FB3B, >0>0S 87 A8I 405F A08?GKL8= CB4IB4. #B25DI-
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CB25DIABEF5= BF>?8>0, >BFBDO5 40RF A08@5APLGR 

ED54A5>204D0F8KAGR BL81>G.
!0 D8E. 8 CB>070A0 BFABE8F5?PA0S KG2EF28F5?P-

ABEFP 0QDB48A0@8K5E>8I >BQHH8J85AFB2 CDBH8-

?5= (>BQHH8J85AFB2 ?B1B2B3B EBCDBF82?5A8S 8 

CB4N5@AB= E8?O) > 7A0K5A8S@ C0D0@5FDB2 @5I0A8-

70J88, KFB EB3?0EG5FES E F5BD5F8K5E>8@8 7A0A8S@8 

[18]. ЭFBF BK5284AO= H0>F CB4F25D6405F, KFB CB-
25DIABEFP BF>?8>0 405F H878K5E>8 25DAGR >0DF8AG 
7028E8@BEF8 0QDB48A0@8K5E>8I I0D0>F5D8EF8> 

CDBH8?5= BF 87@5A5A8S 2IB4AOI C0D0@5FDB2 >BA-

H83GD0J88 8I @5I0A870J88.
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E04>8 8ECB?P7G5FES @5FB4 Multi-Objective Genetic 

Algorithms (MOGA) [19, 20].
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max ), FB A5B1IB-
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F8@878DB20AAB= >BAH83GD0J88 CDBH8?S.
�B?8K5EF25AAO5 87@5A5A8S 35B@5FD8K5E>8I 
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8EE?54G5@OI CDBH8?5= CD54EF02?5AO 2 F01?. 2.
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70>DO?>0 4?S 8EIB4AOI 8 BCF8@878DB20AAOI CDB-
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И;@9A9A<9 79B@9FD<K9E><I CаDа@9FDB6 @9IаA<;аJ<< 

CBE?9 BCF<@<;аJ<<
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∆ G3?0 >DOL8 7,7 �1,88

∆ G3?0 70>DO?>0 �2,31 �5,99
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∆ BFABE8F5?PAB3B 707BD0 0,70 0,84

4
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BD30A87B20FP 157BFDO2AB5 B1F5>0A85 70>DO?>0, 
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 B6AB E45?0FP 2O2B4, KFB BCF8@870J8S CB72B-

?8?0 CB?GK8FP 1B?55 CB?AGR QCRDG D0ECD545?5A8S 
>BQHH8J85AF0 402?5A8S CB 2E5= CB25DIABEF8 CDB-
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