Parallel CFD & Optimization Unit, School of Mechanical Engineering, NTUA (PCOpt/NTUA)

EOviké Metodfio MoAutexveio National Technical University of Athens
ZxoAn MnxavoAoywv Mnyavikwv School of Mechanical Engineering
Epy. OpuikwV ZTPOBLAOUNXAVWV Lab. Of Thermal Turbomachines
Movada MapdAAnAng YIoAoyLoTKAG Parallel CFD & Optimization Unit
Psuotobuvapuikng & BeAtiotonoinong

\.

— ~( K. I'tavvaKovAou, Ka®nyntig¢ EMN K.C. Giannakoglou, Professor NTUA
e kgianna@central.ntua.gr

Slide Show — 15 slides - ~ 3 minutes

Movada NMapaAAnAng YroAoylotikig Peuotoduvapikig & BeAtiotonoinong, £xoAl Mnx. Mnx., EMMN (MNYP&B/EMM) 1/15



Parallel CFD & Optimization Unit, School of Mechanical Engineering, NTUA (PCOpt/NTUA)

NMpoAéeig Powv pe Aoyiopiké tng MITYP&B/EMI
Flow Studies with S/W Developed by the PCOpt/NTUA
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MpoAeén pong yupw i aVEULOMTEPO KAl OXESLAOUOC XAPTN
gvaoOnoiag, pe tn xpron tng cuvluyoug pebodou. Ano tov
UTLOAOYLOMO MIPOEKUYPE OTL yLa va LELWOEL n avtiotaon tov Mach: _0.25
OLVELOTITEPOU TIPETIEL OL TEPLOXEC LE KOKKLVO VOl LETOTOTILOTOUV
T(POG TAL HECO, EVW AUTEC UE LITAE TTPOG TA £€W. OL TEPLOXEG ME
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MpoAeén tnc ponc yupw armo to acpookadoc Falcon pe
Xprijon Aoylopikol nov avamntucostal otn MMNYP&B/EMIM

VKpilo &ev £Xouv npaktikd cuvelchopa. KOlLL TPEXEL OE CUOTOLYLEC EMEEEPYAOTWV KAPTWV YPAPLKWV.
Nedio tou apBpov Mach navw otnv emwpavela tov
Flow and adjoint-based sensitivity map for a glider. For drag aepookadoug.

minimization, red areas should move inwards, blue outwards,
while grey areas practically do not contribute at all.

Flow over a Falcon aircraft. Mach number distribution over
the aircraft body predicted by the flow solver of
PCOpt/NTUA, running on clusters of GPUs.
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Parallel CFD & Optimization Unit, School of Mechanical Engineering, NTUA (PCOpt/NTUA)

NMpoAéeig Powv pe Aoyiopiké tng MITYP&B/EMI
Flow Studies with S/W Developed by the PCOpt/NTUA

Aerodynamic-aeroelastic analysis
using software developed by
PCOpt/NTUA, for a BWB 800-seat
aircraft. The smooth transition from
the fuselage to the wings leads to extra
lift due to the fuselage and 15% less
fuel consumption.

O 0102020405406 070808 1 LI 12131415 +

time = 6. sec

mach, O 04 020304050607 0808 1 11121314 15 msch: 0 0102030405306 070809 1 1112131415

YToAoyLoTtik TPOAEEN TnNG pon¢ Mou avamntUooEToL YUPW

time = 0. sec time = 10. sec oo Eva véo YrepnxnTtiko Business Jet, 18 emiBatwv, To
A€POSUVOHLKA-0EPOENACTIKH AVAAUGH, HE AOYLGHLKO TNG onoio oxedlaotnke oTo MAaicLo Tou Tpoypapparog HISAC
MNYP&B/EMI, emifatikol agpockddoug tunov Blended Wing ™G EE, mpaktika wg tadoxog tou arnocupBevrog Concorde.

Body (BWB) 800 B£oswv yia untepatAavtika tagidia (15% kpotepn
KOTavaAwon Kauoipov). Aoyw tn¢ opaAng HeTtafacng oo tnv
ATPOLKTO OTLG MTEPUYEG, CUMPBAAAEL KaL N ATPOKTOC 0TN Snovpyia
avwong.

Numerical prediction of the flow around a 18-passenger
Supersonic Business Jet (SBJ), designed as a potential
Concorde successor. Research conducted within the HISAC
project funded by the EU.
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Parallel CFD & Optimization Unit, School of Mechanical Engineering, NTUA (PCOpt/NTUA)

NMpoAéeig Powv pe Aoyiopiké tng MITYP&B/EMI
Flow Studies with S/W Developed by the PCOpt/NTUA

Katavouég oTatiknG MiEcN G oTa MTEPUYLAL KoL GTNV
ATPOKTO.
Static pressure distribution on blades and shaft.

Nedio taxvTATWVY.
Velocity field.

MNpoAeén tng pong oc Baduida cuprnieotn (aAAnAenidpaon nepLotpePOUEVNG KOl OTAOEPAC
nTeEPUYwWOoNG), HE Xprion Aoylopikol ou avantucostol otn MNYP&B/EMIM .

Flow simulations in a compressor stage (rotor-stator interaction) predicted by the flow solver
of PCOpt/NTUA.
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2xXe0100H0G6 - BeATioTotTroinon HYDROMATRIX®
Design — Optimization HYDROMATRIX®

myuanNnnDn 4
2 <Y o
ACTION?, )" K
s

ANDRITZ B
Hydro

s B

In collaboration with Andritz-Hydro, the
in-house evolutionary algorithm based
optimization platform (EASY) was used to
design the Hydromatrix®. Hydromatrix ©
is an innovative solution for the
development of low head hydropower

$€ ouvepyaoia pe TNV etoupeia Andritz-Hydro xpnotponowi®nke to AOyLopIKO sites. It makes use of a number of
BeAtiotonoinong EASY tng MMYP&B/EMN yia va oxedaotei to clotnpa relatively small, axial flow, fixed blade
Hydromatrix®. Mpokettat yia 6UvOeon Hkpwv afovikwv otpoBilwv pe avtiotoxeg  type turbine generator units, comprising
NAEKTPOYEVVATPLEC, OMWC oTo oxApa. O Hydromatrix® éxel amodedelypéva a factory assembled grid or “matrix”. The
MAEOVEKTANATO WE PO TOUC SUMPBaTIKOUC oXeSLaGHOUC (XapnAdtepo Adyo most common ways of installing matrix
KOGTOUC TtPOC TNV TtapayOpevVn LoV, sivat ptAko tpog to meptBAAAOV Kat N turbines is in one, two or three rows.

EYKATAOTOON TOU amoutel Alydtepa £pya mOALTIkoU pnxavikov). O Hydromatrix®
OUVOVTATOL OE APKETA £PYa AVA TOV KOGHO.
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Parallel CFD & Optimization Unit, School of Mechanical Engineering, NTUA (PCOpt/NTUA)

2xed100u6¢ BEATIOTNG YTTORPUYXIOG AVTAiag
Designing of the Optimal Submersible Pump

Apxwn/ BéAtiotn/
Initial Optimized

Schlumberger

Xprion tou AoylopikoU BeAtiotonoinong EASY (eésAiktikoi aAyopiSuot) tng MMNYP&B/EMN yiLa To oXESLAGHO ML VEOLG
MTEPWTN G UTtoBpUXLOG avTAiag AvTAnong netpeAaiou, He MOAU KaAUTePN anddoon anod thv npolndpyxovoa. ITa oXfAHOT,
daivovtal n katavopn nieong Kot N LETABoAR 0TO OXAHUA TNG TTEPWTAG.

Use of the optimization platform EASY (evolutionary algorithms) developed by the PCOpt/NTUA for the design of a new
impeller of a submersible oil drilling pump, with better performance than the existing one. Pressure distributions and the
initial and optimized impeller shape are shown.
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2xe0100M06 AvTAiag lNMeTpeAaiou pe Zuluyeic MeBodoug
Design of an Oil Pump using Adjoint Methods

3A Npooopoiwon pong / 3A Juluyég Nedio TayutATtwy / Xaptng EvaicOnoiag ntepuyiov / Fewpetpio Kwvolpevou
3D flow simulation 3D Adjoint Velocity Field Sensitivity map of the impeller’s blade Mtepuyiou / Impeller’s Blade

Schiumberger

= §§§i§% «Apxwn / Initial

o *BéAtiotn / Optimal
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Mach: 0.02 0.06™@"1 0.140.18 0.220.26 0.3 0.34

Avantuén tng 3A pn-pHovipng cuvexoug culuyoug dratinwong Baciopévn otn MéBodo twv Eppantiiopevwv Opiwv.
BeAtiotonoinon Baduidag unoBpuxiag avtAiag netpeAaiov wg MPog TNV Katavopun taxvtntag otnv £€€0do. Nedio aplOpov Mach
kot culuyoU¢ TtayuTnTog Evtog tov dtayutn. Xaptng EvaitsOnoiag kat BeAtiotonoinon KWWOUREVOU ITEPUYIOU.

Development of the 3D unsteady Continuous Adjoint Method based on the Immersed Boundaries approach. The software is used
for the design of a stage (impeller-diffuser ) of a submersible oil pump, by minimizing the velocity swirl at the exit. Primal and
adjoint fields close to the diffuser’s blades. Sensitivity map computed on the surface of the impeller’s blade and its deformation

after 6 optimization cycles.
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BeAtioTtotroinon TotroAoyiag
Topology Optimization
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Apxwr/ Initial BéAtiotn/ Optimal

H BeAtiotonoinon tomoAoyiog UTTOSELKVUEL TN «OTEPEOTIOLNCN» TUNUATWY OTO ECWTEPLKO A.X. EVOG aywyoU WOoTE
va €XeL BEAtiotn aepoduvapikn cuunepidopd. Edappoyn otov aspaywyo KALUATIOHOU EMLBATIKOU QUTOKLVTOU
™G VW. Ol KOKKLVEG TTEPLOXEC (6€LAt) lval auTEC TToU MPEMEL va otepeomnotln@olv/kKAeioouv, WOTE va
ehaylotonolnouv oL anwAeleg Adyw avakukAodopiag tng pong.

Topology optimization for an air conditioning duct of a VW passenger car. This type of optimization is based on the
solidification of areas indicated by the optimization algorithm. In this case, the red areas should be solidified in
order to minimize losses due to flow recirculation.
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BeATioTtotroinon TotroAoyiag
Topology Optimization

BéAtiotn/
Optimized

% Apxwkny/

AN\

BeAtiotonoinon tonoAoyiag o€ mMoAAQAR ELc0ywyn OLUTOKLVATOU. THHOTO GTO ECWTEPLKO TNG £XOUV OTEPEOTIOLNOEL
odnywvtag £toL o€ Mo OpaAr) E6060 NG PONRG KOl TEALKA 0T HElWON TWV ANMWAELWV TS PO AOYW TPLRNG-CUVEKTIKOTNTOC.
BeAtiotonoinon pe Aoyitopko thng MMNYPB/EMN, Baciwopévo otn ouluyn nEBodo, oe neptfdAAov OpenFOAM.

Topology optimization of an engine plenum. Some parts in the interior have been solidified, resulting in optimized performance
due to minimization of the losses caused by viscous stresses. Optimization performed using the PCOpt/NTUA adjoint solver,
programmed in the OpenFOAM environment.
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NMpoAéeig Powv pe Aoyiopiké tng MITYP&B/EMI
Flow Studies with S/W Developed by the PCOpt/NTUA

Katavoun nieong kat ypappég pone yupw amno to

oxnma.
Pressure distribution and streamlines around
2l - thecar. -

XpWHATIOUAC TNG EMLPAVELOC HE XPRON TNG
ouluyoug uebodou tng MNYPB/EMN (o<
nepBailov OpenFOAM) wote va ¢pavei n
guooOnoia tng avwong wg npog KAbe
nepLoxn tov povteAou Polo thg VW.
MePLOXEG UE KOKKLVO TIPETEL VAL
HETATOTLOTOUV TIPOC TOL LECA, EVW QUTEC
ME UTTAE TTPOC TA £EW yLa KAAUTEPN
npocduon oto £dadoc.

Computational simulation of the flow
around the VW Polo car using software
developed by the PCOpt/NTUA. Right: The
adjoint-based PCOpt/NTUA code (in
OpenFOAM) is used to compute lift
sensitivities of the VW Polo car. Red areas
should move inwards and blue ones
outwards for better traction to the ground.
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EAayioTotroinon ©opufou og AutoKivnTo
Noise Minimization in a Car

Emavaoxedlaopog Tou mAsuptkoU KaBpéemtn tov Polo,
wote 0 00puBoc mov enayeL otov 0dnyo va ivau
eAayiotog. Zxedialovtag tov xaptn svatodnoiag

(katw aplotepa), pe xprion Twv culuywv PeBOSwv,
ovaSELKVUOVTAL OL EVOELKVUUEVEC TOTILKEG
HeTatomioels. H agpoakouotikn cupnepldpopd tou
VEOU OXESLAOHOU TILOTOMOLONKE TTELPOLLOLTLKA OTN
VW. BeAtiotonoinon pe Aoylopiko tng MANYPB/EMN,
Baowopévo otn culuyn péBodo, oe mepBaAiov

ZI |§ OpenFOAM.

Re-designing of the VW Polo side mirror in order to
minimize the noise perceived by the driver. The
performance of the new design was verified
experimentally by VW. Optimization performed using
RED: inwards the PCOpt/NTUA adjoint solver, programmed in the

BLUE: outwards OpenFOAM environment.

—
v

KOKKINO: npog ta péca
MINAE: mpog ta €§w
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BeAtioTotroinon Mop@ng Akpo@ucoiou og AQpuypavtipa AUTOKIVTOU
Defroster Nozzle Shape Optimization

Apxwkn/ BéAtioth/
Initial Optimized

] =

: TOYOTA

The shape optimization of the defroster nozzle, part of the
HVAC unit of a TOYOTA passenger car, 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.

Sensitivity

i

7

N @ -
H BeAtiotonoinon £ywe otov aywyo KAtpatiopou (HVAC) tou aduypaviipa tov emfatikol avtokivitou tng TOYOTA
odnynoe o€ peiwon tou Xpovou anonayonoinong - aduypavong tou apunpil katd 15%. BeAtiotonoinon e AOyLOMLKO
¢ MNYPB/EMIM, Baoilopévo otn oculuyn nEBodo, o nepiBaAlov OpenFOAM.
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F1in Schools

‘The car’ was designed and manufactured
according to the regulations of F1 in Schools™
track at the World Finals event. It is powered
by a single gas cylinder containing 8 grams of

pressurized CO2. F1 in Schools™ cars are
designed to travel the 20 m. race, whilst
withstanding the forces of launch
acceleration, track traversing and physical
deceleration. First year undergraduate
student (K.Chondrogiannis), with the help of
PCOpt/NTUA personnel used our CFD-
optimization methods to design the fastest
car (Abu-Dhabi Finals, 2014).

To HovoO£010 AUTO OXESLAOTNKE KAl KATAOKEUAOTNKE LE OKOTIO T CUMUETOXI OTO
Staywviopo F1in Schools™ otoug teAikoug tn¢ dtopydvwong. Maipvel Loxu anod
€valv LOVOKUAWSpo Kivntipa rou cupriele 8 yp. CO2. Ta povoBéoia oxedialovrat
woTte va Stavuouv anootacn 20 m. 600 TIO YPryoea YIVETOL, AVTEXOVTOG OTLG
oS PAVELAKEG SUVAMELS AGYW TNG EMLTAXUVONG Ko TnG emBpaduvone. O
nporntuxtakog ¢ortntrigc tov EMN (K.Xovdpoyiavvng), o€ cuvepyaoia pe Tt
MNOYP&B EMM, xpnotponoinoe to Aoylopiko CFD kat BeAtiotonoinong nouv
avantuxonkav otn MNYP&B EMI yla To oXeS6LA0UO TOU TILO YPIYOPOU OLUTOKLVITOU
oth diopyavwon (Abu-Dhabi Finals, 2014).
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Student Racing Car Applications

The formula student team of NTUA (Prom
Racing Team) designs and manufactures a
formula type vehicle in order to compete to
the International formula student
competitions. PCOpt/NTUA offered the team
not only the necessary computational
resources in order to complete their CFD
studies but also trained the students on
adjoint based optimization which helped the
team further develop their deigns and gain
performance. See Diploma Theses by V.
Tsolakis & N. Traiforos.

H opada Prom Racing Team tou EMIM oxedialel ko kataokevdlel oxnpoa tumov formula e OKOTO val GURLETAOXEL OTOUG SLEBVEiG
doutntikoug aywveg formula student. H MMYP&B EMIN npocédepe kot npoodEpeL 6TV opada Tot UNOAOYLOTLIKA pHEca (AOYLOULKO
KOl UALKG), ekmaudeveL MEAN TG opadag Kat omoudaoctég Tou 16pupatog otn Xxprion Twv culuywv PeBOSwV MoU AVANTUCCEL KoL JLE
TOV TPOTo 0 TO npoonadsi va fondnaceL tnv opdda 6to va BEATLWOEL TOUG TPEXOVTEG OXESLAGHOUG. IXETIKEG Eival oL
SumAwpatikég epyacieg twv B. TooAakn kat N. Tpaidopou.
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BeAtioTtotroinon Zuotipatog Wugng HAeKTpIKOU AEPOCKAPOUGS
Cooling Loss Minimization of an Electrical Plane

BeAtiotonoinon tou cuctipatog YPuEng tov

- KLVNTAPO QLEPOTIOPLKOU aepOokKAdoug ou

Ew kotaokevalel n Pipistrel (ZAoBevia), pe xprion tng
i ouvluyoug pebodou tng MTYPB/EMN.

0—E Optimization of the cooling system of the motor of

an electrical plane, designed and brought to market
(= by Pipistrel (Slovenia), using the adjoint method of
ApXwo / Initial BéAtioto / Optimized PCOpt/NTUA.
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