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TMHMA MHXANOAOT'QN KAI AEPONAYITHI'QN MHXANIKQN
TOMEAZX ENEPTEIAY, AEPONAYTIKHX KAI ITIEPIBAAAONTOX
EPI'AXTHPIO MHXANIKHX TQN PEYXTQN KAI EGAPMOI'QN
AYTHX

HHEPIAHYH AIITAQMATIKHYX EPTAXIAX

YIOAOT'IETIKH AIEPEYNHZH THX ENIAPAXHY XTO POIKO KAI
OEPMIKO ITEAIO ATQI'OY OPOOI'QNIKHX AIATOMHYX KAI
YTAGEPHX OEPMOKPAXIAY TOIXQMATQN, ENOX VORTEX
GENERATOR TYIIOY AIAMHKOYZX ENIMEAOY EAAXMATOX, I'lA
ATAPOPETIKOYX AOI'OYX ATAXTAXEQN THX AIATOMHX TOY
AT'Qroy KAI TOY ITAATOYX TOY EAAXMATOL, XE TYPBQAH POH
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MEPIAHWH

YNOAOTIZTIKH AIEPEYNHZH THZ EMIAPAZHZ ZTO POIKO KAI @EPMIKO MNEAIO
ATrQroy OPOOIrQNIKHz AIATOMHZ KAl ZTAGEPHZ OEPMOKPAZIAZ TOIXQMATQN,
ENOZ VORTEX GENERATOR TYNOY AIAMHKOYZ ENIMEAOY EAAZMATOZ, lA
AIAQOPETIKOYZ AOIOYZ AIAZTAZEQN THZ AIATOMHZ TOY ArQroy KAl Toy
MNAATOYZ TOY EAAZMATOZ, ZE TYPBQAH POH.

Tpoxoag Nucoraog

OLyevvnitpleg Swvwv (Vortex Generators) mpoteivovtal wg pa oAU KaAr) TEXVIKA yLo Thv
gvioyuon ¢ petadopdg BepudTnTac. TNV Mapoloa pyacia, LeAETATOL N eMiSpach eVOG
Vortex Generator TUTIOU SLAUNKOUG eMiNMEeSOU EAACUATOC OTO POiKO Kot BepLkd medio
opBoywvikoU aywyou. H avaluon €ylve yLa £€L SLadOPETIKEG EPLTTWOELG AOYOU
SL00TACEWV TNE SLATOWNG TOU ayWYOoU KAl TOU TTAATOUG TG pAUTag, Kal eLSLKOTepa yla Adyo
Slaotdoswv Statopng tou aywyou (VPog / mhdartog) 3/2, 2/2, 1/2 kat Adyo mAdToug

e\dopatog ava mAdatog aywyou 0,1 kat 0,05.

ApxLKA, Ttapouaotalovtal ol BaolkEG BEWPNTIKEG YVWOELG PEUCTOUNXAVIKAG KL LETAS00NG
BepuoTNTAC TIOU Elval amapaitnTEC yla Tov avayvwotn. Emiong, ylvetal etoaywyr otnv
UTtOAOYLOTLKY peuoToduvaptkn péow ANSYS FLUENT, oto neptBallov Tou omoiou yivovtal ol

UTIOAOYLOTIKEG TIPOCOUOLWOELG.

2T0 KUPLO HEPOC TNG EPYACLAG, KATAOKEVATETAL N UTIO-£€£TAON YEWUETPLA LE TO EAACHA VO
oxnuotilel ywvia 30° pe Tov oy®yo Kol poy LOTOTOLELTAL TO TTOAU ONAvTLKO Bripa tng
Slakpltomoinong. Mvetal peAétn avefaptntomnoinong Tou MAEyHaTog Kal e€dyetal o
BEATLOTOC aPLOUOG UTIOAOYLOTLKWY OTOLXELWY TIOU QOLTOUVTAL. ITNV CUVEXELA, TO LOVTEAO
TUpPNG k-e Realizable emAéyetal yla tnv emiAuon kat opilovtal oL CUVOPLAKEC CUVONKEG.
Enelta, AapBavel ywpa n mpooopoiwaon Kot 0AoKANpwVETAL 6Tov MANPoUVTAL TA KPLTHPLA

oUYKALONG TTOU TEBNKOV.

OL SOKLUEC €yvay, apyLKa, yia aptOpd Re=10.000 kol BpéBnke nmwe N mepintwaon mou to

U og Tou aywyol unepPaivel To MAATOC Tou (Aoyog 3/2) kal To EAacpo Tou mopeUBAAAETAL



EVTOC TOU ELVaL APKETA AETITO O€ 0X£0N LE TO TTAATOG Tou aywyou (Adyocg 0,05), epdavilel Ta
KaAUtepa amoteAéopata (LovtéAo 2). Mo cuYKeKPLUEVA, CUVSUALEL LKOWVOTIOLNTLKN auénon

8% Tou apLlBoU NU IPOKAAWVTAG ULKPEG AMWAELES TPLPAC (UENON amMwAELWY e 5%).

Akopa, €ywve Slepeuvnon yia 4 Stadopetikolg aplBuolg Re amd 5.000 £wg 20.000. BpéBnke
TG To eTtinedo éAaopa Sev Aettoupyel anoteAecpatikd otoug uPnAouc Re, kabBwg ot
anwAELeG auEavovtal alobntd kat n cuvelodpopd otnv petadopd BepuodTnTag ival pikpn.
Emiong, og xaunAoug aptBpolc Re, ta povtéla pe Aoyo Staotdoswv Statopung 1/2 pavnke
va AettoupyoUv KaAd kat, yia pécoug Re emBeBatwbnke mwg to povtélo 2 anoteAel tnv

BéAtiotn emdoyn).

NEEeLc KAELOLA

TupBwbelg poég, TevvAtpeg OSwwv, Evioxuon petadopdg Bepuotntag,

MNpocopolwoelg YIOAOYLOTIKAG PEUOTOSUVALKAG



ABSTRACT

COMPUTATIONAL INVESTIGATION OF THE EFFECT OF A VORTEX GENERATOR OF
LONGITUDINAL FLAT BLADE TYPE, ON THE FLOW AND THE THERMAL FLOWFIELD OF A
PIPE OF RECTANGULAR CROSS-SECTION AND CONSTANT WALL TEMPERATURE, FOR
DIFFERENT ASPECT RATIO OF THE PIPE’S CROSS SECTION AND THE WIDTH OF THE
BLADE, IN TURBULENT FLOW.

TROKAS NIKOLAOS

Vortex generators have emerged as a very promising method for heat
transfer enhancement. In the present work, the effect of a vortex generator of
longitudinal flat blade type on the flow and the thermal flowfield of a rectangular
cross-section pipe is examined. The research became for six different aspect ratios of
the pipe’s cross-section and the width of the blade, and especially for pipe’s aspect

ratio (height / width) 3/2, 2/2, 1/2 and blade’s / pipe’s width equal to 0.1 and 0.05.

Initially, fundamentals of Fluid Mechanics and Heat Transfer are presented
for the reader. Furthermore, an introduction is being made for CFD using ANSYS

FLUENT, which is the using CFD program.

In the main part of the work, the rectangular pipe is designed with the blade
inside at 30° angle. After that, the mesh is constructed and a mesh independence
study is occurred. Then, the turbulence model k-e Realizable is chosen and the
appropriate boundary conditions are determined. Lastly, the simulation is running

until the converge criterion for residuals of approximately 1e-05 have reached.

The first simulations were for Re=10.000 and found that model 2, with
pipe’s aspect ratio 3/2 and ratio of blade’s / pipe’s width 0.05, is the more efficient.
In particular, it combines an adequate rise of 8% for Nusselt number and tolerable

friction loses (only 5% increase).



Moreover, investigations made for various Reynolds number from 5.000 to

20.000. Found that the flat blade isn’t suitable in high Re numbers, because doesn’t
affect significantly in heat transfer and causes considerable friction losses. Also, in
low Re number low aspect ratios models found to work better and, in medium Re

number (= 10.000) confirmed that model 2 is the best option above all.

NEEeLC KAELOLA
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