Chapter 6

Summaryand Further Work

6.1 Summary

The purpose of t his t hesis was to develop an efficient and robust design met hod applicablet o real - world aerodyna mic design problems. To achievet his goal, ther eal - coded a daptiverangegenet ic algorit hms in corporating wit h thestructured coding have been developed. A comparativestudy of airfoil shape paramet erization t echniques has been a lso conduct ed for efficient design optimizations.

Thedeveloped EA was successfully applied to transonic and supersonic w ing designs. Thefollowing aretheconclusions derived fromthis research.

6.1.1 Real - Coded Adaptive Range Genetic Algorithms

Oneof themost important difficulties in a real - world aerodyna mic shapedesign problem comes fromits highly multidimensional de sign space. To develop a robust and efficient EA applicabl e to such a design problem, ther eal - coded ARGAs havebeen developed by incorporating theidea of the binary - coded ARGAs with theuseof thefloating - point representation. Efficiency as well as robu stness of t heproposed EAs havebeen demonstrated by applying to a typical test funct ion minimization problem and an a erodyna mic airfoil shapeopt imization problem. Ther eal - coded

ARGAs consist ently found bett er solut ions t han theconventional r eal - coded G As do. What is more, this also eliminat es prior definit ion of boundaries of t hesearch regions. Thedesign r esult was consider ed to betheglobal opt imumand thus ensured theabilit y of thereal - coded ARGAs in aerodynamic designs.

6.1.2 Evolutionary Algor ithms Based onStructured Coding for Aerodynamic

Wing Optimizations

Becausetheflow field is governed by a systemof nonlinear partialdiffer ential equations, object ivefunction landscapeof an aerodyna mic opt imization is oft en multimoda l and nonline ar. To improveEAs ´ capabilit y of finding a global opt imumin such a problem, a crossover operator based on the structured coding has been pr oposed. Thecoding structure of t hedesign variables is constructed according to the epistasis information analyzed by the experimental design.

To test theability of t hedeveloped met hod, it was applied t o an aerodyna mic shapedesign of a transonic wing wher et hewing shapewas modeled using t heparamet er sets defined by t he ext ended

Joukowski airfoils and by thePARS EC airfoils . Aerodyna mic opt imizations of a transonic wing demonstrated that thecrossover based on thestructured coding was more efficient tha n thetraditiona l one. Thedesign results also confir med t hat thePARSEC was an adequatet echniquefor transonic wing shapeparamet erization. Theimproved Pareto front was obtained by theproposed EA based on t he structured coding using thePARSEC.

6.1.3 Transonic Wing DesignOptimization Based onEA

Theobject iveof t his chapt er was to ensuret he ability of t hepr esent EA in large - scal e aerodyna mic design optimizations. Ther eal - coded AR GA coupled wit h thestructured coding strategy has been applied t o an aerodyna mic design opt imization of a transonic wing shapefor gener ic transport aircraft. Aerodyna mic perfor ma n ces of thedesign candidat es wer eevaluat ed by using the three - dimensional compr essiveNavier - Stokes equations to guaranteean accuratemodel of theflow field. Structural constraint was introduced t o avoid an apparent solution of zer o thickness wing for l ow drag in high speeds.

To overcomeenor mous computational time necessary for theoptimization , thecomputation was parallelized on NWT. EAs were proved to besuited to a parallel computation. Theparallel EA s were easily implemented and they efficiently u setheresources.

Thedesigned wing had a good L / D valuesatisfying thegiven structural constraint on wing thickness. Becausethestructural constraint imposed a tradeoff bet ween minimizations of theinduced drag and t he wa vedrag, thedesign did not have t he minimumwave drag or the minimuminduced drag. Thestraight span load distribution of thedesign was a compromiseof t his tradeoff. On theot her hand, thedesigned wing had theallowableminimumt hickness to reducethe wavedrag . In addition, thedesi gned wing had a fully attached flow so that thepressuredrag was minimized . Theseresults ensured thefeasibility of the present approach.

6.1.4 Supersonic Wing DesignOptimizationBased onEA

A supersonic wing design opt im i zation was demonstrated to exa minethe ability of the

EA - based optimization. An EA incorporating wit h thecrossover operator developed in Chap.3 was used. Theadaptive - rangeapproach was not used becausethis study was conduct ed beforethe development of thereal - coded ARGAs.

Theoptim umdesign obtained fromt hepresent approach yielded bot h theminimuminduced drag and t heminimumvolumewa vedrag in thegiven design space. This indicated the ability of the present approach for aerodynamic design of supersonic transport.

In addition, t his study indicat ed t hemost important features of supersonic wing design as compared with conventional transonic wing design as follows:

1) Warp geometry based on ca mber lineand twist angle distributions plays a moreimportant rol e than spanwisethickness d istribution becausethethickness becamesimply as thin as possible.

2) Becausethewing thickness constraint comes from thewing structure, a practical structural constraint will berequired.

6.2 Further Work

Somepossibleareas for further wor k ha vearisen fr om this research concerning EA - based aerodynamic design methods.

In Chap. 2, thereal - coded ARGAs havebeen developed. Thepracticabilit y of this EA i n singleobject ivedesign problemwas also proven. However, as can beseen in the aerodyna mic designs i n Chaps. 4 and 5, a wing design intrinsica lly involves mult iobjective, mult idisciplinary optimization.

Ther efor e, thedevelopment of thereal - coded AR GAs for mult iobject ivedesign problems will contributeto theresearches in this field.

In Chap. 3, thest ructured coding based on epistasis analysis was proposed. Thepresent met hod was successfully applied to aerodyna mic wing designs. This study proposed t o useone - point crossover operator to makeuseof the epistatic int eraction structures of design paramet ers, but it ma y not bethebest approach in t hesenset hat one - point crossover cannot producediversit y in t he offsprings. A promising candidat emay beSBX that distributes children in t he neighbor hood s of each parents . By controlling theparamet er u accor ding t o the epistasis infor mation, epistatic int eraction structurewill bepreserved.

Thetransonic design demonstrated in Chap. 4 showed that a wing design intrinsicall y involves mult iobject ive, mult idisciplinary optimization. Becausethetradeoff bet wee n minimizations of induced drag and wavedrag directly relat ed to the strengt h of thewing structure, moreaccurate structural analysis such as a finit eelement met hod is necessary. In addit ion, becausethestructural strengt h is generally a function of th e structural weight, multiobject iveopt imization by a MOEA for minimizing both aerodynamic drag and structural weight will beanother interesting research field.