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[EVIKA yLOL TO pABnua

* H BeAtiotonoinon (optimization) unteloépyetat o€ KAOE emioTAMN.

* BeA/on AapuBavel xwpa, oKOpN Kot av outo dev dpaivetal N Afyeton Eekabapa, o KAOE
oxedLaouo npoiovtog, untnpeoiag N dtepyaociac.

* To Oépa eival oxL povo va Bpioketal n BEAtiotn Avon i ot BEAtioteg Avoelg (optimal
solutions) tou npoBARnaTo¢ aAAd avTo va yivetal anodoTika-ypriyopa (e To HLKPOTEPO
duvarto K0oTog).

* OL péBodoL Bel/ong (mou mapouvoialovral) sival yeviknG sdappoyng. Ou pédBodot
BeA/onG, OE YEVIKEG YPOUMEG, €ivan idleg avefaptnta amod tov av sdpappolovial otnv
OLEPOSUVALKN, OTNV USPOSUVAULKN, OTL KOTOOKEVEG, OTOUC OUTOMOTLOMOUC, OfF
evepyelaka Ogporta KA. MOvo karmnoleg LdLattepotntec aAAalouv...

* «MaAlog» titAog padnpartog: «MEBodol Acpoduvaptkic BeAtiotonoinong»
* H Mnxavikn twv Peuotwv wg nedio epappoyng tng BeA/ong Sev ival mePLOPLOTIKO.
* To Lo evdiadEpov onpeio: BeA/on o npofARuata ovu StEnovrat ano U.6.€.

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Me tn potia tov Mabnuatikou
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* Toruko (local) vs. KaBoAwko/oAwko (global) akpotato (extremum).

* BeAtiotonoinon (optimization) vs. BeAtiwon tov untapyovtoc (improvement).
* EAaxLoto (min.) vs. Méyiloto (max.).

* JuvaptRoelg pe toAAd akpotata (Multimodal functions)

* EUTUXWG, N MAELOVOTNTA TWV TPAYHOATIKWV ItPoBAnpdtwy dev eivan £tot!

KAaoko mpoBANpa LEYLOTOMOLNONG HLOLG CUVAPTNONG
600 petapAntwv F(b,,b,). Ekatovtadeg cuvaptnoelg
onw¢ avutiv, otov oAudiactato xwpo (Ax. pe 30... 50
ayvVwoTouG) eival ta KAaokd tpoBARuata SOKLUAG
(benchmark problems) ota onoia onotooénnote Oa
KANOei va dokipaoel, otnv apxtkr paon, tTn véa
HEB0SO BEN/onG mou okédTnKe.

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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KaBoAko f Torko akpotato? Evag maparAnAopog!
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Serhiy Nazarovych Bubka (born 4 December 1963) is a Ukrainian former pole vaulter. He represented the Soviet Union until

its dissolution in 1991. Bubka was twice named Athlete of the Year by Track & Field News, and in 2012 was one of 24
athletes inducted as inaugural members of the International Association of Athletics Federations Hall of Fame. Bubka won
six consecutive IAAF World Championships, an Olympic gold medal and broke the world record for men's pole vault 35

times. He was the first pole vaulter to clear 6.0 metres and 6.10 metres. World record progression by S.B. (outdoor):
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July 1994
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Aug. 1992
June 1992
Aug. 1991
July 1991

June 1991
May 1991
July 1988

June 1988
June 1987
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June 1985
Aug. 1984
July 1984
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May 1984

Sestriere
Tokyo
Padova
Dijon
Malmo
Formia
Moscow
Shizuoka
Nice
Bratislava
Prague
Moscow
Paris
Rome
London
Paris
Bratislava

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Amo tnv AvaAuon otn BeAtiotonoinon
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AvaAucn (Analysis):

Me dedopévo to oxnpa A.xX. Evog avtokvintou (| aepookadoug) Ko S£6onEVEC CUVORKEG
poNG, va UTtoAOYLOTEL TO MedSio pong yUpw tou Kat (OAoKAnpwvovtag Ti¢ SUVAUELS oTNV
enudpaveld tov) va Bpebei n ontcOéAkovoa. H yewpetpia eivol Sedougvn.
2xeblaonoc-BeAtiotonoinon (Design-Optimization):

Mo dedopéveg ouvOnkeg pone, va Bpebel n popdpn A.X. EVOC AUTOKLVATOU HE TN ULKPOTEPN
onwoBéAkouoa. H yewpetpia ival to {NTOULEVO.

)

Baseline

VW XL1 Shape Optimization for drag minimization, using methods & s/w developed by the PCOpt/NTUA. The optimized shape
has >2% drag reduction (for an aerodynamically nearly perfect car) and 30% lift improvement.

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Ao tnv Avaluon otn BeAtiotonoinon

* ItnV upuTEPN Mnxaviki twv Pevotwv (Fluid Mechanics)

* YrnioAoyiotikn Pevotoduvapikn, YPA (Computational Fluid Dynamics, CFD)
* Aepoduvapikn (Aerodynamics)

* AspoakouoTikn (aeroacoustics)

» Aeposaotikotnta (Aeroelasticity)

* NoAudaoikég pogc (Multiphase flows), KA, KAT.

* Eunopkoc 1 in-house (CFD) kwéwkac avaAvong tou ¢puoikol npoBARUATOC
* MpooBaon otov nnyaio kKwdKa (source code)?

* Xpnotn¢ (user)  mpoypappatiotig/xprnotng (programmer/user)?

* YrtoAoyLotiko kootog (computational cost)

* NapaAAnAomnoinon Aoyiopikov (S/W parallelization on CPUs or GPUs)

* loxyouv «ta 6oy oe AAAEC emIOTAMEG: Aopky Mnxavikn (Structural Mechanics),
HAektpopayvntiopog (Electromagnetism), KA, KA.

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Aepoduvaptkr) Avaluon “Autokvitou”

*YrnioAoylotikn) Pevotoduvapikn, YPA (Computational Fluid Dynamics, CFD)

%\)

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Aepoduvapkn Avahuon Mtépuyag

YEVVATOL UTTOAOYLOTIKO ALY ...

C=...
C -—

D_oao

AUvovtoat aplOpntika ot £€. Navier-Stokes ...

... KOlL M€ PETEMEEEPYAOLO AMOTEAEGUATWVY ...

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Aepoduvapiki Avaluon AuToKLVATOU
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Parallel CFD & Optimization Unit, Lab. Of Thermal Turbomachines, School of Mechanical Engineering, NTUA (PCOpt/NTUA) &gﬁf’%w@
AT

;}4

7 b o OEY S

S

€TS0g
nvpgopod

r‘\ﬁ
hﬂ-

Aepoduvapiki Avaluon AuToKLVATOU

M
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‘The car’ is designed and manufactured for the purpose of participating in races on the F1 in Schools™ track at the World Finals
event. It is powered only by a single gas cylinder containing 8 gr. of pressurised CO2, designed to travel the 20 m. race distance
as quickly as possible, whilst withstanding the forces of launch acceleration, track traversing and physical deceleration after
crossing the finishing line. A first-year undergraduate student (Kyriakos Chondrogiannis), with the help of PCOpt/NTUA
personnel used our CFD-optimization methods to design the fastest car in the F1 In Schools Finals (Abu-Dhabi Finals, 2014).
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AgpoSuVaLKA AVAAUGH AYWVLOTIKNG LOTOOUKAETOG. ATtO TNV o€ €§EALEN SUA. spv&oliof?bu N. @ukoupa, n onoia cuvexilel Kat
otn BeAtiotonoinon.

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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AoyLoptkd Avaiuonc (MpoAeénc Powv) tng PCOpt/NTUA

OpenVFOAM

eOpen-Source S/W eParallel Flow-Solver, on Unstructured

e Aero/hydrodynamic analysis Grids, for Multi-row Analysis & Adjoint-
eVarious parameterization & grid based optimization

displacement tools, in an automated eoFor compressible or incompressible,
s/w steady or unsteady flows

eoFor incompressible, steady or eGPU-enabled (programmed in CUDA/C)
unsteady flows. eSupported by the in-house blade

parameterization (s/w GMTurbo) and grid
displacement tools

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Ao tnv Avaluon otn BeAtiotonoinon

* To opéonpo 2000

* Antattovpeva ya pot pE@odo Bel/ong (6edopevne tng peodov avaiuvonc):
. 2toxoc i otoxol BeA/on¢ (objective function(s))

. Noapapetponoinon/MetapAntég oxediaopov (Design Variables)

. M£Boboc¢ BeA/on¢ (optimization method)

. Awayxeipion nepoplopwv (Constraint Handling)

. Awadopa «nepLpEPELOKAN

* Emtdoyn pebodov Bel/on¢ (mpooBaon otov nnyaio Kwéka avalvonc?)

* Gradient-free vs. gradient-based pébodol BeA/on¢c (CTOXOOTIKEC VS. QLTLOKPATLKEG)
* YITOAOYLOTIKO KOOTOG VS. KOOTOC aVATTUENG & MPOYPOLULUATLOHOU TG HEBAdou

* YtoAoylopa¢ | npoogyylon tng kAiong (Gradient) tng ouv. Ztoxou

* YtoAoylopac & deltepwv napaywywv (Hessian)?

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr 12
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Zuvaptnon-2toxog (Objective function)

* To Lo ypryopo

* To ITLO OLKOVOMLKO
* To Lo Aveto

* To L0 OLKOAOYLKO

* To B€ATLOTO WG MPOG Lot cuVAPTNON-0TOXO (Min R max F)

* Av oL oTO)OL €lval tEpLocOTEPOL TOU €vo¢ (M>1), BA. mapoKkaTw

* Juv/on-Ztoxocg (Objective Function) («AvTIKELHEVIKA» Zuvaptnon)
* Juv/on-Kootoug (Cost Function), av EAAXIZTONOIHZH.

* Juv/on-KataAAnAotntag (Fitness Function), av MElNZTOMNOIHZH.

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Juvaptnon-2toxo¢ (Objective function)

b

———

* 2ta oUVOEeTA TEXVOAOYLKA TtpoBARaTA, UTTAPXOUV oUXVA TTOAAEC ETILAOYEC. A.X. UMAPXEL N
duvatotnta va cuvevwBoUv OTOXOL OE MO OVTLKELMEVIKA ocuvaptnon (f oxt), va yivel
Slaxeipion otoxwv otn popdn neploplopwv (constraints), KA.

* O pnxovikog Aappavel oxetkeég amodpacclc. Ou anodpdcel autég dev eival ocuvOwg
olvEUOUVEC yLa TNV amodoon Kol To UTTOAOYLOTLKO KOOTOC pLag BeAtiotonoinong.

* AtAG napadeypa dtadopetikwv eMAOYyWV:

min Co#+ 1/C, min C,+ 10/C,

min C, min C,

Uno tov meploplopd: C=1.2 UNO tov meploplopd: C>1.2

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr

14



Parallel CFD & Optimization Unit, Lab. Of Thermal Turbomachines, School of Mechanical Engineering, NTUA (PCOpt/NTUA)

Xpnowuol/Baoikol'Opot - OpoAoyia

» Movokpttnplakn BeA/on (Single-Objective Optimization, SOO)
» MoAukputnplakn BeA/on (Multi-Objective Optimization, MOO)
» Awanediakn BeA/on (Multi-Disciplinary Optimization, MDO)

» MpoBAnua Avtioctpodou Ixedlacpou (Inverse Design Problem)

Ixebloaopoc€<—>  Design

Ixedbiaon <€—-> Drawing

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Mapapetpornoinon Mopdng - Shape Parameterization
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Example: Parameterization of an airfoil contour through the synthesis of two Bezier curves. The coordinates of (some of) the
Bezier control points are the design variables. There are N design or optimization variables.

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Napapetpornoinon Mopdnc - Shape Parameterization

N
-
A4

N=6 degrees of freedom (DOFs; BaOuoi EAsuBepiac)
MetapBAntég oxedlaopou (design variables)
MetaBAntéc BeA/ong (Optimization variables)

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Aflohoynon Yroynorag Avong (CFD-Evaluation)

»
b =

To kootilov TpuRpa tn¢ BeA/ong.
To kO0otoC TNG BeA/ONC PLETPATAL OF

nAn0o¢ KAnoswv tou Aoy/Kou
aéLoAdynon¢ (number of evaluation .
s/w calls). jv
F=C,=...

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Mua pun-amodektn) Avon (Infeasible solution).

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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«Mepipepelaka»The PCOpt/NTUA Grid Displacement S/W

N e sy

B
. SRRt

Fast grid displacement tools to support shape optimization. Internal grid is adapted to the displaced boundaries, in each
optimization cycle. Very efficient. This is a good reason to avoid remeshing; other reasons?

Also used in: Flows in domains with moving boundaries, aeroelasticity, etc
Many different tools developed by the PCOpt/NTUA are available: Algebraic models (Inverse Distance Weighted, IDW), Laplacian
Models, Volumetric B-Splines, Linear/Torsional Spring Analogies, Harmonic Coordinates, Delaunay Graph, etc

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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MéBodoL BeA/onc (Optimization Methods)

F(b)

Gradient-Based Method (M£0o&ot KAioncg F)

VS.
Stochastic Methods (Ztoxaotikég M£Bodot)

Individual-based Methods (Atopikég M€Bobor)

VS.
Population-based Methods (MAnBuouiakéc M£Bodot)

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Attiokpatikn) BeA/on (Gradient-based Methods)

MéEBobdoc Antotounc KabBodou:

— — —
prev — old T]VF( b of.d)T
OF
b-n,e-w _ bold. — =1 i}\r
. 1) (S bn_ . [/

Newton Mé£0odboLt:

_b>ne-w _ E}oid v?F( old) IVF( oEd)T

- AKPLBAC N MPOOCEYYLOTIKAC uTtoAOYLOMAC Tou grad(F). Akpipfeta vs. Kéotoc.
- MoAMol duadopetikol tpomotl untoAoyitopov tou grad(F).
- H ouluyng néBodocg (adjoint method). lMNari;

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Awtlokpatikny BeA/on (Gradient-based Methods)

- Kivbuvog eykKAwBLOMOU O€ TOTILKA aKpOTOLTAL.
- TeEAikn/B€Atiotn AUon e§apTWEVN QMO TNV apyLlkomoinon.
- To «mav» givat o unmoAoylopog tov Grad(F).

oA
=
m
$

POMHOEYS .

T3

nvpgopod

NN
SN
NN

NSNS
AN

NN
N

Ty

r 7S
x> 7
Y} M ™
IV
[RIY

- AsutepelWV (OAAQ OXL aor)pavToc) ivat o TpOmog Xpriong tou otn BeA/on.

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Possible Ways to Compute Grad(F)

*Finite Differences (FD)

*Complex Variable (CV) Method

*Direct Differentiation (DD)

*Automatic or Algorithmic Differentiation (AD)
*Adjoint Method (AM)

The computation of the gradient of the objective and/or constraint functions is the most
important and costly part of a gradient-based optimization.

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Multi-Objective Optimization (MOQ) — The Pareto front

Ztoxot: min F, and min. F,.

F,

t N
R
INAN \Qg‘\\\\iﬁ\\\\.\
o
® pt o S
® — 'F
@

® Méwwno Pareto
(Pareto front) | pétwmo un-
KUPLOPXOUUEVWV AUoewv

(front of non-dominated
solutions).

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Multi-Objective Optimization (MOOQO) — The Pareto front

Price

Bugatti Veyron
€1100000
400 km/h

VW Golf

tg’& €25000
o 220 km/h
¢ O
O
[ )
o

9

B
nvpgopod

2 npomporys .

M

| Simca 1100
»< €2000
8 60 km/h

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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YUykpLon Metwrnwv Pareto

F,

s

Nepintwon A:

F,

+ Mepimtwon B:

F,

:Fl

ZxOoAwa A.x. yia tnv Nepintwon B:

P Aev anokAelETOL KATIOLOG VAL ELVOLL TIEPLOCOTEPO EUXAPLOTNUEVOG HE TO MITAE LETWTTIO KOl KATIOLOG AAAOG JLE TO KOKKLVO

pETwro!

'Fl
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P> Apxiote va okEPTESTE TNV LOEA TOU KUETWTOU TWV HETWNWYV Pareto» (aumoteAeitat and tig pn-kupLapxoUpueveg AUCELG
oo oAa ta Stafsopa pEtwna). Tote Oa Rrav evéladEpov va kataypadoviav noLeg Kat MOOES Ao T AUCELS TOU TEALKOU
HETWMOU £€6woe KAOE nEB0SOG.

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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E€eAlktikol AAyopLBuol (Evolutionary Algorithms, EA)
MAnBuopakn M€Bodog - A Population-based Method:

.

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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E&eAlktikol AAyopLBuol (Evolutionary Algorithms, EA)
AfloAoynon MAnBuopov - Evaluation of the Population (otéxo¢ min. F):

F=0.29

o
F=0.36 F=0.50

O e O
F=0.45 F=0.42

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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E€eAlktikol AAyopLBuot (Evolutionary Algorithms, EA)

Erttdoyn Novéwv - Parent Selection:

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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E€eAwktikol AAyopOuol (Evolutionary Algorithms, EA)

(Two Parents-Foveic)

Awaotavpwon -Crossover

(Two Offspring/Anoyovol)

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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E€eAwktikol AAyopOuol (Evolutionary Algorithms, EA)
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MetaAAaén -Mutation

g

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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E€eAlktikol AAyopLBuol (Evolutionary Algorithms, EA)
New Offspring Population:

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Parallel CFD & Optimization Unit, Lab. Of Thermal Turbomachines, School of Mechanical Engineering, NTUA (PCOpt/NTUA)

E&eAlktikol AAyopLBuol (Evolutionary Algorithms, EA)

To Aoywopwko E.A.SY. (Evolutionary Algorithm SYstem) uAomotei
TouG e€eAKTIKOUG OAyopiOpoug, eival yeviko, TO XPNOLLOTOLOUV
S1aPopPEC MOAVETILOTNULAKEG OUABEC Kal etaupiec otnv EAAada ko
o efwteplkd. Oa TO TAPETE, O TO XPNOLIOTOLNOETE OF
—TIHOOLPETIKEG EPYOLOLEG KOl MITOPEITE VA TO XPNOLUOTIOLOETE Kol

o e — s aAAOUQ' OL TpELg MPWTOL BACLKOL TTPOYPOLUHATLOTEG:
= T\ + Dp. ANégng Nadtng (1998-2003)
e = \ *  Ap. Mdaprog Kapakdong (2002-2006)
= e = \.\ *  Ap. Mavvng KaunoAng (2005-2009)
B ——— OucLAOTIKN CUMHETOXN OTLG EUMEPLEXOUEVEG HEBOSOUG Eixav oL:

*  Ap. XapikAera FrewpyomnovAou (2005-2009)

The Evolutionary Algorithm SYstem * 8. Ithog Kuprakou (2008-2013)

http://velos0.ltt.mech.ntua.gr/EASY

http://147.102.55.162/EASY Ap. Bepa Acoutn

*  Op. AnuAtpng KapouAng

AeKASEG SUTAWUATIKEG EPYOOLES, KUPLWG OITO OTIOUSAOTEG MOV yvwpiotnkav e Toug EA o€ auto to padnua EBaiav LOEEG,
€Kavov SOKLUEG Kol ERECO OUVELCEDEPAV OTO ONULEPLVO EASY.
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Other Gradient-Free Optimization Methods (other than EAs)

Stochastic Population-based Optimization/Search Methods:
€ Genetic Algorithms (GA) & Evolution Strategies (ES)

@ Particle Swarm Optimization (PSO)

€ Ant-Colonies Optimization (ACO)

@ Pity Beetle Algorithm

€ Harmony Search

® ..
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E€eAwktikol AAyoplOuol (EAs), Pros & Cons

EA: A population-based metaheuristic optimization inspired by the biological evolution.
Candidate solutions act as population members for which the value of the cost or fitness
function should be computed.

Pros: e Readily accommodates any analysis-evaluation software (as a black-box).
e Is gradient-free.
e Computes Pareto fronts of non-dominated solutions, in MOO problem:s.
e Handles constraints (for instance, through penalties).
e Is amenable to parallelization (simultaneous independent evaluations).

Cons: e Requires a great number of (costly/CFD or CAA) evaluations.

Computational Cost: Measured in terms of evaluations on the Problem Specific Model
(PSM; here, the CFD code), not in terms of generations.

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Industrial Use of EAs

Requirements for the penetration of EAs in the industry:

oFind the optimal solution(s) with less (CFD-CAA S/W based) evaluations:
e Better evolution operators or carefully tuned parameters
e Distributed search

e Replace calls to the costly/exact evaluation tool (PSM, for instance CFD or
CAA) with calls to cheaper/less-accurate surrogate evaluation models
(metamodels)

e Dimensionality reduction (curse of dimensionality)
e Hierarchical/multilevel search.
+ Reduce the wall-clock time of the optimization:
e Parallelization.
e Overcoming the generation synchronization barrier (asynchronous search).
¢ Combine some (all?) of the above.

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr 37



Parallel CFD & Optimization Unit, Lab. Of Thermal Turbomachines, School of Mechanical Engineering, NTUA (PCOpt/NTUA)

31?

nvpgopod

Design of a Reusable Launch Vehicle (RLV)
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Objective 1: Minimum shifting of the aerodynamic center; — | supersonic _ C transonic
minimum control mechanisms. 1 Mp

Objective 2: Minimum pitching moment at transonic flight;

overcoming the drawback of high-performance arrow wings, for | C transonic |

stability purposes.
Objective 3: Minimum drag at transonic flight; the flight is

transonic for major part of the range; maximum range. F — C transonic
Objective 4: Maximum lift at subsonic flight; runaway distance to 3
be minimized. F — Csubsonic N
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In collaboration with
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UNIVERSITY
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Design of a Reusable Launch Vehicle (RLV) EA
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Design of a new small size commercial supersonic transport aircraft:
Environmental constraints: Noise, sonic boom, emissions
Economically viable (range, time reduction, comfort,...)

Design of a Hypersonic Business Jet (HISAC)

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 flight)

Commercial characteristics objectives
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i Concorde
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8 to 16 passengers E— E—

Size of cabin

Speed transonic to M 1.8 w
Range 3500 to 4500 nm (~6000 to ~9000 km)

Airfield length {7000 ft

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Design of a Hypersonic Business Jet (HISAC)

o H/SAC Environmentally Friendly High Speed Aircraft

&

Sonic boom-Overland flight -

— Possible Desi
Engine Noise (variable cycle concept) E—
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: Applications in Hydraulic Turbomachines
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Hydro Design of an impeller of a submersible oil drilling
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PCA-Assisted MAEA —— -
MAE.
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PSM Calls

.- Multi-point design of a Francis runner with 372 design variables. Due to
the extremely high problem dimension, the use PCA-Assisted

Metamodels and Evolution Operators in a MAEA is absolutely necessary.
N i

1

1500 2000

>
~

o T

B sunen £73
B action )
In collaboration with Andritz-Hydro, EASY
was used to design the Hydromatrix®. This
is a factory-assembled grid/matrix of small
axial-flow, fixed blade type turbine
generator units, suitable for low head
hydropower sites.

Design of a propeller turbine
runner- guide vane stage.

The EASY (Evolutionary Algorithm SYstem) Platform web page http://velos0.Itt.mech.ntua.gr/EASY
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EAS% : Other Applications in External Aerodynamics

Optimization of an ultra light aircraft provided
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by Pipistrel for minimum drag coefficient. ///5,46‘ Optimization of a car model for min. drag.
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Multidiséiplinary optimization of a
Supersonic Business Jet. Coupling of
EASY with the CFD/CSM tools of DLR. ——
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The EASY (Evolutionary Algorithm SYstem) Platform web page http://velos0.Itt.mech.ntua.gr/EASY
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Use of Deep Neural Networks in CFD-based Analysis/Optimization !

sage
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CFD Analysis DNN Predictio

Purpose of this study is to build inexpensive surrogate evaluation models replicating the expensive CFD tools, for use
in optimization loops etc, as low-fidelity models. Python 3.6 used for programming. TensorFlow (developed by the
Google Brain team) for implementation of the networks layers.
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Gradient (Adjoint)-Based Designs for the Automotive Industry

Adjoint-based shape
optimization of the VW Polo side
mirror in order to minimize the
noise perceived by the driver.

¥ control

B volume

The shape optimization of the
defroster nozzle, part of the HVAC
unit of TOYOTA YARIS, led to an
improved defrosting performance
of the vehicle. The optimized
geometry complies with
manufacturing and topological
constraints, was manufactured and
submitted to a defrost test which
proved a reduction of 15%
windshield defrost time.

-1000
-1500

Downforce sensitivities of the VW Polo car,
computed by the PCOpt/NTUA adjoint
code. Red : move inwards; blue : outwards
for better traction to the ground.
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Gradient (Adjoint)-Based Designs for the Automotive Industry
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Sensitivity maps on the Toyota ultra-weight 0.8 : ' ' | : ]
concept car surface. Objective function: ' ; 5 -
moment coefficient at 30 deg. cross-wind. 0.75 i i i i i @3
0.9 0.95 1 1.05 1.1 1.15 1.2

Cp @ 0°
Pareto front resulting from several optimizations using the adjoint method of
PCOpt/NTUA (OpenFOAM-based). Single-objective runs aiming at the
minimization of a linear combination of the drag@0 deg. and moment@30deg.
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Gradient (Adjoint)-Based Designs for the Automotive Industry
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Optimization Cycle

Optimized

Noise minimization by reshaping-optimizing the HVAC duct of a BMW passenger car.
Ano tig AumA.Epyaocieg (2018-19) kau Internship otnv BMW twv K. Kapwvn, A. Mapy£tn.
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Aeroacoustic Noise Evaluation of a Toyota Passenger Car

Contribution of each part of the
car to the total noise index
1

0 || fcline T | 500 — 4000H z —

M
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Aeroacoustic Noise Evaluation of a TOYOTA passenger
car (AYGO). An aeroacoustic method was implemented
based on CDF Tools ofPCOpt/NTUA in the OpeanFOAM
| Nt m—| A= 2.4 environment and validated with experimental
measurements in the GIE S2A semi-anechoic
windtunnel, France. Project carried out during the
internship of A. Spyropoulos in TME, Brussels (2018).
Advisor: Mr. Antoine Delacroix (VPE/HVAC Team, TME).
Next step: Adjoint-based optimization!

— T s 1
—t

=

ENP [dB]

Interior ENP
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Aircraft Analysis/Design with S/W Developed by the PCOpt/NTUA
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Aerodynamic-aeroelastic analysis of a
Blended Wing Body (BWB) 800-seat aircraft.

3 : = -
AL RBF-AERO " * . Optimization of the cooling system
- PIPISGTR=SL X j:é « of the motor of an electrical plane,

*% . * designed and brought to market by

*
Pipistrel (Slovenia), using the

=== adjoint method of PCOpt/NTUA.

RBF AERO * * Aerodynamic analysis (vortex
* 3 breakdown) of a 18-passenger
e Supersonic Business Jet (SBJ),
Flow and adjoint-based sensitivity map for designed as a potential
a glider. For drag minimization, red : move Concorde successor.

inwards, blue outwards.
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Auvvatotnta Internship og Eupwmnaikég Bropunxavieg

Avaloya HE TIC TTPOKUTITOUOEG KABE Xpovid eukapieg, umapyet n duvatdtnta (cuvROwe
HETA T AAén Tou padnuatog), omoudaoctéEC TOU TO TmapakoAovOnoov va
npaypoatonolovv internship oe svpwnaikég Piopnxavie¢ mouv cuvepyalovial HE TNV
opada pag Kat (otnv MAELOVATNTA TOUG XPNOLHOToLoUV HeBAdouC Kol AOYLOMLKO Ha):

* BMW (Movayo): K. Kapwvn (2018), A. Mapyétng (2019)
* TOYOTA MOTOR EUROPE (Bpu&éAAec): N. Zypatog (2014), A. Teppavol (2015), M.

Navaywrtiéov (2016), N. Koutocavtwvng (2017), I. MntAétcog (2017), A. ImupOMOUAOG
(2018), A. Khuadag (2019), K. Zappag (2019), A. Awdon (2019)

*ANDRITZ HYDRO (Linz): apketoi, ot tpelg teAevtaiot I. Nuktepn (2016), M. Zopuna
(2017), H. ToomeAac (2018)

*ROLLS-ROYCE (RRD) (BepoAivo): A. XatinvikoAdou (2019)

K.C. Giannakoglou, Professor NTUA, kgianna@central.ntua.gr
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Tol «TUTILKA» TOU HAOAUOTOC

m Motpaletal BLBAio Tou dLdAcKOVTOC TOU UNEPKAAUTITEL TRV UAN.

m Mopaletal ospd Ospdatwv (homeworks, HW) yia entiAuon anod toug omoudaoTEC.
AUt OUMMETEXOUV OTOV TEAKO PBoOpd upéXpL mocootol 50%. KaBes Ofpa
BaOuoloyeital mavra pe Aéka (10) aAAd koBopileTal TO TOCOOTO TTOU GUMETEXEL
OTOV TEALKO BaOuo avaAoya LLE TNV ITOLOTNTA KOL TTOGOTNTO SOUAELAG TTOU £YLVE.

m Ta urtoAoylotikd HW, otn min. ekdoxA toug artattouv uAormolouvtol e AOYLOMLKO
TLOU HoLpaleTol KO XPOLHLOTIOLELTAL LE Koo | EAAXLOTEG MOPEUBAOCELS OE QUTO.

m 2e kABe HW opiletat to eAaxioto {ntovpevo (BA. mpony. bullet) kat éivovton 2-3
TIPOTAOELG YLA TIEPALTEPW EUPBAOUVON Ko epyaoia, HE avTioTtown «avropoLBn».

m Mopaletal Baotkod Aoylopiko BeAtiotonoinong (o EASY kAm).

m T€Aog, emAUovTol oToV Ttivaka 1-2 «LeYAAEeC aoKAOELG» (Kal, av TPEmMEL, AUvovtol
HE HY otnv taén). MBavn oclvdeon pe OEpa e€ETACEWV, KATOTILV CUUPWVIOG EK TWV
TIPOTEPWV LLE TOUC OTIOUSAOTEC).

m TpApa tng e€€taong (Ax otoug EA) pnopei va utokataotaOei pe HW.
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