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H nqpotoq 6ldqKToprKrl 6rqrpr9ti qoxoiEirqr Us Tn pqgqpqrKri qvdrrTuqn, Tov
rrpoypqppqTroU6 Kqr rnv rfloronoirlon ouEuy6v (adjoint) pse66urv yrq rov urlo^oyrou6
(rip6rng Kqr uqrnl6rspojv Tdq€ov) Tqpqy6y(l)v €uqtoenoiqE ouvqpT{oEurv-orox@v qTous
TolJris rnE qrpo/u6po6uvqprKnE Kqe6E Kqr Tnv evTqEn Torv TEIEUTqiorv or qiy6prepouE
FtITroTorroirlolE. flopouord<ovrqr pdeo6or rrou Bqoi<ovTqr oTq ouv€Xri Kqr rn 6rqKprT( ou<uy(
T8XVIK{, pE apeqon ornv rrpcbTn. EE€TdEovTqr qKqdnpqiKd Kqr BropnxqvKd npoBliuqTq
pelroTo'noiqorlg popqnq (shape optimization) pr egqployri, LirrqeU d^l(l)v, oTn
Fe^rororoinoq €nrFqrKd)v quroKrvrir(j]v Kqr orpoprlollxqvdlv, os rrpoB^|ipqTq Torroloyiqg
(topology optimization) Kqe6E Kqr or npopinuoro p€ATroronoinorlE oe opcporo Tr prpdMov
(olFqp6g qxEdrqou6E, robust design).

Og npoE Tn P€^T|oTorroinon popeliq orn lnxovKn Tov p€uoTd}v, drspeuvdTor n onpqoiq rnE
rrqpqy6vonE povT6^u]v r6ppnE, 1600 Xourl^cbv 60'0 Kor uqrq^dJv oprep6v Reynolds, yrq
XpovlKd !6vrp€E, ooupritorsE po6q. tuyKEKprp6vq, ErrEKTEivETqr n ouv€Xng ou<uyrlE pd0o6og
6oTe vo KoiUfiT€r po6g rrou drirrovrqr qn6 To povralo TfpBnE k-s Xqpn^6v qprgpr.i}v Reynolds
T@v Launder-Sharma. Aiv€rqr 6pgqol oTqv snidpoon rrou eq eixa EV6EX6p€vn rrqpdl€rvrl rnS
]rqpqydJyrqlg r(l)v €Erod)osorv Tou povT6iou (n rup0Torq XprlorlJorrorotpEvn nqpqdoxn TnS''rrqyoJUCvng rupF66ouE ouvEKTrK6TnrqE ') orn 6106rKqoiq rnq BdTroTorroinonE popQng.
Errrrrpoooero, ovqrrT0ooETqr Kqr uiorrorsirur n ouvexiq ou(uyiE p6eodog yrq ro UovTlilo
uqrnl6v qprep6v Reynolds r@v Spalart-Allmaras, yrq rrpdrrn eopd orn Brphoypqeio. TliIoE,
XpnorUorror€iTqr n eikonal €Eio@orlyrq rov unoloyrop6 qrrooTdosoJV qrl6 Tq or€p€d TorXdJUoTq
Kqr qvqrrT0oosTor n ou<uvnE rnE, 6ore n TdrKri l]operi T@v nqpqydy(.)v €uqrqonoio< vq
Kqrqor€i qvr€qpTnTn T@v rrqpqydyorv roJV onoordor0Jv (,')g rrpoE rE prrqp^nT6E ox€drqouo0.

:nUovTlK6 Koppdr rnE brqTprpiE qrorslsi n psT6TrerTo seopl.royri roiv UEe66oJV qur(iv Kqr rou
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qvqnruxeavroq ioyrolJrKou or prolJ4xovrKd npopllipqTq B€hoTonoinonE popqns.
:uvK€Kpr!6vo, €E€rd<sror n doxroTonoinon rrlE onroge^Kouoqg o€ rrpoJT6Tufio quroKivqTo
EUp(l)rlqiKnE ouroKrvr]ToBropqxoviog Xpnorlrorror6vrog TrE RANS (Reynolds-Averaged Navier
Stokes) eqrodro€rg p€ To povr6^o r0pBnE Xqpn^6v opr0UdJV Reynolds rorv Spalart-Allmaras, To
qvonruxe6v ioyrol.rK6 yrs Tnv e0pson rrspsydly(l)v EUqroenoiqg Kor rtxvrK€( rrspqpdpqcoonE
rr^iyuqroE. Erflrrp6ootTo, ro ovorrruxoev loyrotrrK6 Xpnorporroreirqr yrq rov tvrorTlolJo T0JV
qspoduvqprKd €uqiqelrqrv nEprox6v (Xdpqqn Xqpr6v €uoroenoioq) orE rrpoE rov edpuPo rrou
yivErqr qvTrlnnr6s qrr6 rov odny6. Erflrr^6ov, qKolouelovroE rn ouv{el npoofyyron rnE
Broprlxqvioq yro r4v qvdluorl rnE porlS XpnorUorrorc0vrog ro DES (Detached Eddy Simulation)
uovTc^o r0ppnE Tov Spalart-AIlmaras oe ouvduoou6 Us ouvqpfilorrE rorx6Uqrog, rrporsiv€lol
drqdrKqoio yo rr1 Xdpo(r1 Xoprriv euqrqonoiqg oJg npo( Tnv ooKoUpEVn dvojqn qTov nioqJ
dqovq rou oxrlporog, XpnorporiordvToq rl ouvrxn ou<uyrl TsXVrKri. Eueqol oiv€Tor oTrl
Liri(,)on Tou urroloyroTrKo0 K6oTouE Kqr TnE qfiqrro0pevng pvnpng riore rl 6rq6rKqoiq vo
oioK^np6vETqr or Xp6vo qrro6eKr6 yrq rn Bropnxqviq. nqpdllniq, qvorrriooovTor 6uo v6ol
ou<euypavor qly6prepor €rriluonE Toiv ou(uy6v €ErodioEojv Li€ oT6Xo rnv €nrToXUVon rnE
o0yKAronq Kor rnv qi{non TnE suorde€roE rou ou4uyoUE Ernlfrn or BropnxqvrKaq eeopUoyag.

To ovoriTux06v ^oyroprK6 €eopp6<eror €rriorls yro Tov oxe6roop6 dpoudq udpoorpopilou
r0nou Francis. tuyK€Kptpavo, Xpqorponor€iror rl ouv€Xnq ou<uy{g pEeo6o( yro Tov
urro^oyropo rropqy(i)yoiv ruqroenoioc oJg npoE rnv Kqeern p$oT6rrrorl ToJV oprqKdv K6pBoJV
rou nl,yliqToE yrq ordeop€E ouvqpTno€lE KoorouE rrou rrEprlqpBdvouv: errleupnTaq
Korovopriq rqx0rnrqE ornv aqo6o Tou 6pop6o, olisyri rou udpqu^Korj urrouE 6oTt vo
Tqrprd<sr tr€ ro rrfleupnr6 onpeio ierroupyiog Kor €Edisrqjn €vdrx6pevng onnlqioonE oTnv
€rredv€ro Tou 6pop60.

OE rrpog Tn PEiTroronoinon rorroloyiqE, n orroiq odqysi orov opXIK6 ox€drqoud
qEpoduvqprKdv pope6v urroloyi<ovTqS Tn B6ITroTIl Korovoprl €v6g T€XVnroi ri€diou
rlop6douE, n nqpoloo brorprFn Err€KT€iv€r ro uqonuorK6 urr6po0po rrlE ouvExorjE ou<uvo0S
p€06dou 60Tr vq Koiirrrsr 3A oouprri€oT€g poag pe To povralo uqnldrv qprgpdrv Reynolds
r(])v Spalart-Allmaras, or ouvduqopo Lis ngpropropouE Trou XpnorlJonoroivTqr ouxvo qn6 Trl
propnxqviq. To qvqrrTuxecv loyroUrK6 €eopp6<sTqr oTq B€ITroTorloinon TorroioyiqE ev6E
oyroyo0 K^rpqTrolrolj erlpo Ko0 ouroKrvrlTou Kor oTov oxsoroopoU sv6g eqlcipou plenum
oX4pqroE riqvenrornprqKo[ 6rqyoJVrol.ioU rqxUTrlTqg.

nqpd Tn Xp{on Torv Xqpnlo! K6oToug ouluy6v pre66(,)v, n 6rq0rKooio rng B€lTroTonoinolE
prropri vq qrro6€rxg€i XpovoB6pq ̂ 6ys] Tou qprepoo T(,)v onopoiTrlrsjv K0KIUJV
Pe^Trorofloinong yrq Tn ooyKfuon rou qlyopiepou. :ToxE0ovrqg oTn ueisJon ]ou ouvo^|Koo
Xp6vou p€Iflororroinonq/ox€drqopou, dvqnr[ooarsl Kqr seqpu6<Erqr yrq npdJTn eopq oTn
Prpiroypqeiq TnS pEilororroiqong rorroloyiqE q pdeodoE NeMon p€ orroKo]rn (truncated
NeMon). Auri Xpnorporrorri rrpopolaq Tou Eoorqvoo unrpdJou o€ 6rqv0opqTq vrq vq
rrpooryyioEr rn 6Eor€pqE Td€ng 616pe@on r(,)v LisrqBInrdJV ox€6roopo0. Tq qvoT6p@ yrvopsvo
unoloyiEovTqr p6o(l) ouvduqopoU T4E ouvsxotg ou<uyo0g p€e66ou Kdl TnE pee66ou euotioE
drqe6pronE.

OS qrFop6E oxr6rqouoE opi<Erqr n 6rq6rKqoiq ox€6rqopo0/BElflqTonoiqong q€po6uvqprKdJV
oxnuorujv oe 6vq sUpoE ouvgnKdv ̂Erroupyiqg. frq rrlv rroooflKonoirlorl TrlE oulJrrEprQopoE
EVdE ospo6uvqUrKoi oxnporoE os rfpoE ouvonKdjv ^erroupyiqs qrrcrTsiror o urroloyrqpoE rnE
peorlE TIUnE Kqr TrlE runrKnE qrr6Klronq ouvqpTioe(,)v-or6x(l)v. :rn nqpoUoq drqrprpn
XpnorUonorEirqr n 6€0T€prlg TdEnE p6eo6oE r@v qTqflorK(i)v pondlv (Second-Order Second-



Moment method) rrou crrrqrrai Tov urroloyrop6 rrqpqy6yojv euqroeqoiqs rn6 ouvdpTnoq(-
oT6xou, rrp6TlE Kqr 6sUTspnq rdEqg ors TrpoE TlS oB€Boreg paroBlrlr6g. H Eiqxrororroinorl rnE
paong rpig Kqr rnE rurflKrig on6KironE T46 ouvopT4onE-or6xou pE qrTroKpqflK6g pEe66oug
qrrqrrai rov urroloyrop6 pexpr Kor rpiTnE rdEnq nopoydrvoJv ruqrognoiqE. :Tlv rrqpo0oq
6rorprpi rrqpouord<erqr 6voE orro6onK66 ouv6uqop6E TqE ue066ou €ueeiog 6rqe6pronE Kql
Trlq ou(uyouq rtxvrK4q vro rov uno^oyrop6 TUJV qvujr€puj rrqpqydyc,Jv.

A6{srq K^srdrri: Yrio^oyqTrKn P€uoTo6uvqprK4, :uvEXnS Kqr ArqKprTl :u(uyng Nildeodog,
tuEuyi MovTcIq T0pBnE, BE^flororoinon fti]operiE Kqr Torlo^oyiqE, M6go6or NeMon U€
qrroKon{, ITrBqp6E tXedroop6q, nqpdy0Jvot Euotoenoiss YUnIng TdfiE
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