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Eooymyn

m H Beltioronoinon sivat onpeoa Paotnd otorysio as xalbe smotnpy). Ao v
ANAAYZH ot BEATIZTOITOIHXH!!!

m Beltiotonoinon AapPaver ywoo, axopy) xot av auto 8ev paivetot v Aeyston Eexcbooa,
oyeb0v oc nxle oyediopnd mTEOIOVTOG, LTYEEsiag N depyacing. To Ospa sivor av
yivetat pe 10 BElTiaTo TEOTO.

® Ot pclodot BedtioToTOINONG, O YEVIHEG YOXMUEGS, sivort IBleg aveERQTNTA ATTO TOV AV
eQAUEUOLOVTAL GTYV XEQOSLVAMIXY], GTY)V DOQOSVLVAUWINY], OTIG XATAGHEVEG, GTOVG
XVTOPATIGROVG, O evepystoaxd Oepata ¥Am. Movo ot 18txtteotyteg adAdlouy...

= Ano ™y MONOKPITHPIAKH BEA/XH (Single Objective Optimization, SOO)
otv IIOAYKPITHPIAKH BEA/XH (Multi Objective Optimization, MOO)
not, pete oty AIETIIETHMONIKH BEA/XH (Multi Disciplinary
Optimization, MDO).

B To paOnpa 6ev anevbivetor amoxAeloTIHd GE KAEQOVALTYYOVGH.
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BéAtiotog Xyebiuopog Avtoxivyton

Xyebopog Beltiotov Avtontvrton

BéAtiotog Xyebinopog Bertiotov Avtonviton
BéAtiotog Xyebionopog Moeng Avtoxtvntou
Xyebopog Beltiotng Mooeng Avtoxtvntou
BéAtiotog Xyebnopog Bertiotng Mooeng Avtoxtvntov
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T sivaet BeAtioto?

To mo ypnyogo
To 7o owovopxo
To mo aveto

To mo owohoyind

To Beltioto wg TEOG pia cLVAETYNOY-aToYo (Mmin N max F)

'OMQ2: "Evag 1 1eQLaG0TEQO!L GTOYOL?
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KuaBopiopog atoywy — XovaQ1or-610)0G

X1 ovveysta, xabogpiloviot ot atoyor (targets, VoG ¥ TEQIGCOTEQOL) KoL PEQOVTAL OTY)
HoQYY| cLV&OTNaYC atoyou (objective function) mov xxAoduxate vo
EAUY!OTOTIOY|GOVPE 1] VO KEYIOTOTIOMGOVME. XTar o0VOeTH TeYVOLOYIHA TTQOBANpOT,
e6® LTTAEYOLY GLYVA TTOMEG eTAOYES. Y TIAQYEL 1] SVVATOTNTA Vo GuveEVwOOLY GTOY O
OE MO AVTIXELPEVIXY] GLVAQETNOY] (1] O)L), V& YiVEL SlaYElQLaY] GTOY WY OTY] LOQPY
TIeQLoQIopwY (constraints), xAm.

IMTapddstypo Srowpoetinmy eMAOYWV:

max C,
min Cp

min C,+ 1/C; min Cy+ 10/C;

min Cp min C,

LTIO TOV TIEQLOQLOWO: CL=1'2 LTO TOV TIEQLOQIGUO: CL>1‘2
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®m  Objective Function — Xvvaotnoy X10)0g (Aviixetpeviny XovaQnor)
®m Cost Function — Zvvaptnon Koatoug (mpogc EAAXIXTOITOIHXH)

m Fitness Function — Xvvaptnon KatadAinrottag (oo METIYXTOITOIHYH)
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20V QTN ON-XTOY0G

Objective: Minimum DRAG

Objective Function: DRAG Coefficient

min F=C,
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Metafinteg Xyedtaopon

Iooapetpomnoiner Mooorg:

B
e |
1\ YB
ylA
<—XA—> <—XB—>
< L. >

N=6 degrees of freedom (dofs; BaOuot EAevOegiog)
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Metafinteg Xyediaopo

ITotw Eexntvnoet onowdnmote BeltioTomoinoy], TEETE!L va avaryvmwtalovy ot shevlspeg
uetaBintec N nopapetoor (free variables) M petainteg oyedinopod (design
variables) tov mgofMpatog. H emhoyy ooty sivor tStaitepa xiotpuy. Adbog emhoyn
KTTOQEL V& GNPIVEL OTL DTIALQYOLY eVOeyOpUeVWG BeATiateg Aaoelg Tov 1 pebodog
BeAtioTomoinoy 6ev o proeast va evtomiost.

IMTopddetypo aeQ0odvvap®0D YEOIHTUOD TTTEQLYAG:

/
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AZioroynon

Aoyiopino Aforoynong: Kwduag eniAvong eélomoswy gong

C, = [ﬁ forces

carcontour
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AZo)hoyrom
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ITeglogiopot

Constraints:

Ny | [TH ]

Mo prv-otodexty) Ao !
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Me6obot BeAtiotomoinong

Gradient-Based Method
(Mée6obot Kriorg F)
VS.

Stochastic Methods
(Ztoyaotineg Mebodor)

F(x)

Individual-based Methods
(Atopxeg Mebodotr)

VS.

Population-based Methods
(ITAnBvaroopneg Mebodotr)
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BeAtiotomoinoy: Xvvolxa Tt yostalopar?

m To wo Bedtiotonoinoy yostalovrat:

X10Y)0G 1 610y 0! (min M max).

E\e00speg petainteg N petaBAnTeég oyeblaapon-
BeAtioTOTOIN|ONS.

Evdeyopévwg negrogiopol (oupme@/vev Twy 0Qlnv Ty
peta ANty oyediouopon).

M pefodog a&rohoynong (avalvong) vrodnpiny Adaswy 1
LTTOXATAOTAT TY|G.

M pefodog Behtriotonoinorg. ITgogyst v amdpooy wg TEOG T0
oe ol xatnyopia O avnxet | pebodog. Meta, emasyston xot M webodog
oot xabavtn.
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E&ehxtinol AlyopiBpot (Evolutionary Algorithms)

ITAvOvowmoaxn Mebodog - A Population-based Algorithm:

.
.
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E&éehxtinot AlyogtBupot (Evolutionary Algorithms)

AZoAoynon ITAn6vopod - Evaluation of the Population:

F=0.29
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E&ehxtinol AlyopiOpot (Evolutionary Algorithms)

Enioyn I'ovéwy - Parent Selection:
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E&ehxtinol AlyopiOpot (Evolutionary Algorithms)

(Two Parents-I'oveic)

Awxotavpwaeyr] -Crossover I I

I

(Two Offspring /Andyovor)
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E&éehxtinot AlyogtBupot (Evolutionary Algorithms)

I

Metahoéy, -Mutation I I / <:
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E&ehxtinol AlyopiBpot (Evolutionary Algorithms)

The New Offspring Population
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E&eshxtinot AlyopiOpor (Evolutionary Algorithms)

To Aoyiopxo E.A.SY. (Evolutionary Algorithm SYstem)
vAoTotel toug s€eMxTinodg adyopifuovg, sivor yevixo, TO
Y(QYOLLOTIOIODY  TIOMAEG  TIUVETIUOTYMAKEG OWAOEG Mol
etorgieg oty EAAada xot 1o e€mwtepino. Ou 1o magete, Ho
T0. . YQVOIJOTIOV|OETE OF TIQONIQETIMEG EQYXGIEG  Hul
= — - ~pmogeite Vo TO YQNOIMOTIOW|GETE Xol «XAMOD»

P

e
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IToAvxoitnotany BeAtiotonoinoy — Metwmo Pareto

Price

€1100000
400 km/h

VW Golf V
€15000
220 km/h

(Top Speed)?
>
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IToAvxoitnotany BeAtiotonoinoy — Metwmo Pareto

® Front 0 (Pareto) SY*€ E
@® Front1 IMadadetypo 6v0 610y wv: min F;; min F,
@® Front 2
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ITwg O ouyxpivate Tor Tt petwno Pareto ?

Ileointmwon A: Ilepintwon B: Ieointwon I
Iy Iy Iy

. [ ([ ] PY
®
® ¢ °

([ ] ®e PRIPS
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® o ° °e * °
e © ° ° ® °
® R ([ ] - R
> I > I > I

oMo Ay. Yo TNV TeQinTwaoy] B:

Agv ATTOXAESIETHL HATIOLOG VA EIVAL TIEQIGGOTEQO EVYAQIOTYIEVOG PE TO UTTAE PETWTO H
XATOLOG AAAOG PE TO XOXHIVO PETWTO!

AQyioTe VoL OHEPTEGTE TNV LOEX TOL KPETOTIOL TV UeTwnwy Pareton (xmoteieiton amod
TIG M]-XVQLAQYOVPEVEG MGELS aTtO OAX Ta Stabeatpa petwna). Tote Ou Moy evdiapegoy va
AATAYQAPOVTAY TTOLEG KA TTOGEG ATTO TIG ADGELG TOL TEMKOL peTwnov edwoe xabe puéhodog.
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IToAvxoitnotany BeAtiotonoinoy — Metwmo Pareto

Ag yvwpilovpe ot

Aev pmoovy oieg ot pébodot BelTioTOTOIN GG VU THEAYOLY TO PETMWTIO TWY HATH
Pareto BeATioTmV ADGEWY, TOLAXYIGTOY e TH] Pio».

ITooyavig, uétwno Pareto vrohoyiletat Yo omotodnnote aEtdpo atoywv. Méyot
3 o10)0VG, TO peTwTO Pareto ameiroviletor. AN, Yo TEQIGGOTEQOLG ATO 3 GTOYOLG,
TO TIOLOG EIVAL O XAAMITEQOG TEOTOG Vo TTepovataclst ot vo xatavor el 1o ToAvdieotato
netwmno Pareto sivor (ot Oo sivart) ever «ovoryto Ogpon.

To va vtohoyiolet 1o pétwno Pareto otoryilet aopalng TEQIGGOTEQO ATO TO VA
Absl 10 TEORAM P G TTEOG LOVO EVa GTOYO.

Mze tov vtoAoYyiopo ToL petwnov Pareto, ovataatind ayilet eva veo TEOLAN Mo
(610 pag 7 %% TOLOL KAAOL): TOt AVGY ATO TIG TOAAEG TOL PeTwTov Hu emiheysl. Muo

| Q 1] [} . .
TWNVIAN TN N\)N‘k A1 QN\)CI’ )M"\M AL TTO\PNNA £FYAN r:lnr‘ie1nh mﬂlfiﬂl""
AV VU W VW W . W COWwILIOLULL 111(&1\1118.

<<

M-

R
N
3

-

Agev oLY%QIVOVTAL EDXOAXL AU KAVTIXEIPEVIXA» dVO petwTa Pareto!
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Beltiotonoinon — T dAho pog evdiagpest?

Taydtnta evEeong ™5 BeATioTng Adong
N Ty BeEATIoTWY ADoEWY
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BeAtiotonoinon

Axolovlel pio o1 THEADEYUATWY TOAMKOLTYQLOANG
BeAtioTOTTOIMONG,

1VOIWG LAAYL OY! ATTOXAEIGTING ATTO TNV AEQOOLVALIXY).

'Ol eyovv peretndetl pe vToloyloTINd SQYHAEIX TTOL
avam Oy Onray ot avamttoeoovton oty Movado ITapdAning
Ymohoyiotinng Pevatoduvapinng & Beltiatonoinorg tov Topcx
Pevotwv g Xyoing Mnyavoroywy Mnyovirewyv EMIL.
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IT1: BeAtioTOTOIMOY] LOQYNG PEPOVWUEVYG XEQOTOUNG

IIgoPAnpa 6Vo aToyWY: . ' ' e Comventional EA
. ] ®  EA-IPE with simple RBFNs
f — C , Moo - 0-75 ¢ ®  EA-IPE with the proposed RBFNs
1 L oe GDVBY]%SQ Re.. — 6 2 106 00901 ‘ A Reference airfoil
f2 — CD QO‘hgt oo T - . S‘ 1500 Exact Evaluations
— — o 0 L l
J° *s

Ag yvwoilovpe ot

XT0 GYNPX GLYHQIVOVTAL TH LETWTIX
BélTioTmv Moswy 1oy pedodwy Bed/ong -
XAl 1] ATOB0OGY] TNG LEQOTOPNG HVOLPOQUS.

'O)eg yonotponoinoay v IOt ToQume-
Tp0TON oM poEyns (Bezier) pe ta idix OpLa
petoBoing Twv petaPinTev oyediaopoo. High-Lift:

Kottnoto tegpatiopod »abe
voAoylopoL Mtay ot 1500 Exact
Evaluations. I't’ avto »opd ev evtomes  Compromise:

70 pétwmno Pareto.
Bosite v ®aAdTeQn!

Low-Drag:
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I12: Xyebiaopog BEATIOTG TTEQLYWONG GLUTILEDTY
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I12: Xyebiaopog BEATIOTG TTEQLYWONG GLUTILEDTY

Amoteléopato pe 10 (610 DTOLOYIOTINO XOGTOG:

i6tog atBpog agtohoynoswy (sgetaadsiony Aaoeswy)

Airfoil abtained from SO0 ® Conventional EA

without off-design perfoarmance

30 — - ' ™ -
m / considerations EA-IPE
g
E 25 =
[ - o Reference airfoil
© . —— Optimized airfoil
Q;«( —o— NURBS control points
5} 20
¥
“w 7 an
N v -
g 15 1
o L~ ¢ "
~ : :
g,o 10 ® - .
B e e g
2 . ®
QI ° Reference v
e 5 ® o cascade airfoil B
5 '
-’ ] ‘ “(

ee ~
0 ane "o o SPee® o8 ceikim o
' | ! | ! 1 ! | ! | ! ]
0,016 0017 0,078 001¢ 0,020 0,021 0,022
F (Design Point Performance)
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Avayxn yoe yonoy ITolvene€epyaoiog

H nolveneéepyaoia 1 1 Tegarniy eneéepyaoia (multi-processing or parallel processing)
UTTOQE! Vo spaopoaolet ae ToAMX etimedu:

» Kabes popd mov agroroysitat ma Mon (A.y. Teyet evag xwdwog Navier-Stokes ylow po
XEQOTOWY] 1] M TITEQLYWOCY] ] EVAL XEQOTIALYVO) AVTO VAL YIVETHL TTULQAAMAL (TEYVIHN
TOMUTIA®Y DTTOY WELWY).

» Av 1 pébodog Beltiotomoinong sivan anduopiaxy (population-based optimization
methods) xat &Ex WToEOLY TOAAEG LTTOYPNPIeg AVOELS VO HELOAOYODVTHL THVTOYQOVMG, KVTO
HTTOQEl Vo yivet potpalovrag aglohoynaoslg atovg Snbeotpong emeéepynotes.

» Na yivovton xort Toe 00 avwteE ! (ToALEG TavTOYQOVES a&loloynostg Tov xobespc Oo
YIVETHL TTLQAAINALL).

ITPOXOXH: To evitagpeQoy %ot 7] EQELVX GTQEPETAL TTAEOV O TTQUYUATINX TTUQAAMAES
nebodouvg BeltioTomoinoNg AV TNG ATTANG HETHAPOQAS O THEAAANAO vTTOAOYLGTY heBOOwWY

U

OV PTIYTNRAY Yo astptann ene€epyaaio!!!!

A
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I13: Optimization of a Reusable Launch Vehicle (RLYV)

Orbiter: start pitch control

Separatmn / / /\
/ Booster: engine cut off

Re-entry

Gravity turn An example of the use of EASY
| (metamodel-assisted

evolutionary algorithms) in a

h1o-hlv rlpmaind1ho' nroblem
= "

Launch

| e Cruise
JLLanding
_

In collaboration with %
TOHORKU

VHIYERS ITY
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I'13: Optimization of a Reusable Launch Vehicle (RLV)

Objective 1: Minimum shifting of the aerodynamic center; F = Cﬁ/lljg)ersonic — Clt;‘;”so”ic
minimum control mechanisms.

Objective 2: Minimum pitching moment at transonic transonic

flight; overcoming the drawback of high-performance F2 — CMp |

arrow wings, for stability purposes.

Objective 3: Minimum drag at transonic flight; the flight F — Ctransonic

is transonic for major part of the range; maximum range. 3 D

Objective 4: Maximum lift at subsonic flight; runaway = (subsonic

distance to be minimized. 4 L

In collaboration with &, . «f
TOHOK

VHIYERS ITY
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Il13: Optimization of a Reusable Launch Vehicle (RLYV)

0.60

0.56

0.52 f
2 |CMpsuper-CMptrans|
g 0
3 0.020
2 - 048 0.040
LII) 0.060
~ 0.080
LL 0.44 0.10
0.12
| ;' | | § 0.14
040 o @2 @ S S 018
BEEEE 0
0.36 l 1 l 1 l 1 l 1
0.04 0.05 0.06 0.07 0.08 0.09

__~transonic
FB_CD

In collaboration with %
TOHORK

VHIYERS ITY
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I15: Xyebiaopog BeArtiotwy otabpmy niextoomaQaywyngs

€)) pLéyw'c amodoon),

(b) péytoty toyvg,
(c) elayroty emevovon,.

8
s[ ] i k | | |
[ 14 = Epsvva yonpatodotodpevy

ATTO T

0 AHMOZIA 3 TFLAERTPEMDY
@1 —(>—
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I15: Xyebiaopog BeArtiotwy otabpmy niextoomaQaywyngs

Capital Cost (MEuro) A

65
60
55
50
45

Efficiency
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I16: BeAtioty avaOeor potiov oe povadeg ac0loaTt@ofiimy

AlvovTot:

= K Acsgrootoofihxnég Movadeg

Power Demand [MW]

* H evegystoxn {ntnon yoe T wesc.

A Al M M \ ]
Evag X10y0g: eAtyl0TOTOY|GY] TOV CUYOMKOL AELTOVOYIXOD XOGTOVG:

T M T -
TOC=S"3" 0CI+S" d(AdD)

j=11i=1 j=1

M Koorog mugaywyn EmBaguvon ™g Tipmg g ouvaeTnomg
Kbot0G exxiviong povidug %00TOVG oy Bev xaAdTTETAL 7 {NTNON.

Ko6o7t0G #0dtnong povadeg

ATIMOEI EN IFERERTPEE MY

"Egevva yonpatodotovpevy ano ™ ITET (ITgoyoappa ITENEA) xot
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I16: BeAtioty avaOeor potiov oe povadeg ac0loaTt@ofiimy

ITooogés:

» Eb® 6ev vmayovy avveyeic ahia Sraxrteg (0 1) petaintes. Ou yonoiponombody idieg
N aAreg pebodor?

» Eb® vniapyovy ToAlol TeQloQlapol xut 6ev sivat enTEG OAEG Ot BLUSIXEG GTOLYELOGEIQEG G
AoELg Tov TEOBANPATOG.
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I16: BeAtioty avaOeor potiov oe povadeg ac0loaTt@ofiimy

2 Power Systems Scheduling Optimizatio Tool. Parallel CFD & Optimization Unit, NTUA
Cptions  Help

| Operation || Mainkenance || Cpkimization | Optirnal Scheduling |

—Power Demand [

) ol T A bttt it it
T T T O [ ) L ]

0.0 5.0 10.0 15.0 20.0 25.0 30.0 33.0 40.0 45.0 S0.0 55.0 60,0 65.0 70.0

~Unit Scheduling

Unit 3
Unit 2
Unit 1
0.0 2.0 10.0 15.0 20,0 25.0 30.0 35.0 40.0 45.0 20.0 5.0 60,0 0853.0 70.0
AT BN TFRERTFE MDY

"Egevva yonpatodotovpevy ano ™ ITET (ITgoyoappa ITENEA) xot
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I'17: The HISAC Project

Environmentally Friendly High Speed Aircraft
/S y y High Sp

Design of a new small size commercial supersonic
transport aircraft:

Environmental constraints: Noise, sonic boom, emissions
Economically viable (range, time reduction, comfort,...)

Environmental objectives

Noise ICAO Chapter 4 less 8dB

NOx emissions |High altitude:less than 10g per kg fuel burnt (5g in the long term)
At landing and take-off: comparable to subsonic aircraft -

Sonic boom less than 15 Pa (tbc) differential pressure (overland fIight)

Commercial characteristics objectives

Size of cabin 8 to 16 passengers

Speed transonicto M 1.8

Range 3500 to 4500 nm (~6000 to ~9000 km)

Airfield length | 7000 ft
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I18: Xyediaopog eamtend Yuyopevov mTeQLYiov 6TEOBIA0Y

Application in the second-stage vane of
the high-pressure turbine of a two-spool
low by-pass ratio turbofan engine.

-1 54+000]
=2.77+000)
-4.00+000|
-5.23+000)
-6.46+000)
-7.69+000)
-8.92+000)
Tota dfor ..
-114+001

-1.26+001

-1.38+001

-151+001

-1B3+001

& -1.75+001
-1 64+000 -1.88+001

hach = 0.35

=2 nn+nn1

hlach = 0.65

mber distribution
round the vane

In collaboration with

HAT
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I19: Xyebl1aopoGg POQYNG ALTOXIVYTMY

O y&TNg THQAYWO YWY
gvatonolag pe ovvaETN oY
%0OGTOLG TNV SLVUUY AVTICTAONG
0c TIQUYHATINY YEWUETQLIN
avtoxtvntov (VW Passat B-6)

Xonpatodotoduevy epsvve ano v VolksWagen oty Movada Iapdrining Ymoloyiotinng ,
Pevotodvvapnns & Beltioromoinong tov EMIT(2007-2013)
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IT9: XyebiopoOg LOQYG AVTOXIVYTMV

Gw
2.000e+04

1.000e+0-

-1.000e+0-

-2.000e+0.

1.000e+0:

-1.000e+0-

-2.000e+0-

1Ang Ymoloytotinng
Pevotoduvapxns & Beltioronoinong tov E )]
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