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Iepianyn

H xokk®mong VAN dtav péel uéoa o€ Evav avoikTo KEKAEVO aymyd umopei vo Bewpnbdel mg cuveyés uéco Kot
Kotd ouvvémEl 1 Kivnon g emdEyETOL U0, TEPLYPOEN LOpodvvapkoy TOmov. H 1dwaitepn @von tov
KOKK®OOVG pevotol AapPdvetar v Oy UEC® KOTAAANA®Y KOTOGTATIKMOV GYECEMV Yo, TNV TPIPN UE TOV
mobuéva Tov aymyol Kot TIC IEMOEC GVVAUELS TOV OVOTTOGCOVIOL AVALESH GTOVG KOKKOVG. XTo 600 TPDTA
KePAAalo NG Tapovoas OTPIPNG TEPLYPAPETAL GVTN 1] VOPOSUVOMIKY TPOGEYYICT TOV KOKKMOOUG
OTPOUOTOS, OTO TAAIGLO TNG OTOING 1 SVVALKT] TOV GTPMUOTOC SETETOL OO 6V0 GLIEVYUEVEG UN YPOLLIKEG
pepkég owpopikés egiomoelg (MAE). Ztig ev Adyw MAE, mov amotelobhv 10 KOKKMOEG OVOAOYO TMV
elomoemv Saint-Venant yia tn por) Tov afabovg vepod, katomtpiletal n drotpnon e nalog Kot TG opung
TOV KOKKMOOVE GTPMUATOS OVTIGTOLYMOC.

To xokk®dOeg oTPOUO LUTopel VO PLAOEEVIOEL oL LEYEAT TOIKIAI KUUATOUOPPOV avAAloyo LLE TNV T TOV
apBuov Froude (Fr) g sioepyduevne ponc. 1o Kepdiawo 3 peketdpe v mepintwon Fr < 2/3, émov 1
opotopopen pon etvar evotabnge. I'a avtég tig TYég Tov Fr, 610 Kokk®ddes oTpdpa umopel va avartuydel Eva
LOVOKAIVES TOALPPOIKS KOO GTAV 1| E1GPOT] LAMKOD amd TNV Kopuen tov aywyov ovénbei. Ipdkettar yio v
KPOLGTIKY] 00€00VGA SOLLT] TTOV GLUVOEEL OVO TEPLOYEG OLLOLOLOPONS PONG (TAAT®D) Le dtapopeTikd BdOoc.

210 Kepdharo 4, Eextvdvtag amd TO LLOVOKAIVES KOUA, TopaKoAoLOovpE TNV aAANAoVYi0 TV KULLOTOLOPODV
oL gpeavilovial 6To KoKKdOEG oTpdpa 6tav o apBpog Fr avEaverat otadiaxd. [Ipog tovto eotidlovpe otig
Aoelg 0dev0ovTog KOOTOG TV Tpoavapepféviaov MAE kot dtatundvovpe 10 avtioToryo duvapkd cOGTNHO
mov amoteAeitan amd Vo cvviBelg dwpopikég eElomaels (XAE) mpmtng taéng. H avdivon gvotdbeiag tov ev
AOY® SLVOUIKOD GUGTAWUOTOC, ETUKOVPOVUEVI] OO TO TOPTPOATA TOL YMPOL (AGE®V Yo avEavouevo Fr,
OTTOKOAVTITEL OAES TIG O1000YIKEG KVUATOUOPPES TTOV dVUVOVTOL VO avamTuXHo0V GTO GUGTNLLA.

Adyo pv v kpioyun tyun Fr = 2/3 Bpickovpe pio Kovoavy KUHATopopen, To kokkwdes undular bore, mov
amoterel ol S10TAPAYIEVT] LOPPT] TOL LOVOKALVOUG KOUOTOG, 1] 0TTOi0 TApOLGIALEL KUUOTIGLOVS 6TO DVYNAD
mhatd. Otav o apBpdg Fr g eioepyopevng pong Eemepdoet v tyn 2/3, to vynAd mhatd tov undular bore
arootabeponoteitor. Todte or wxvpaticpoi ToL AETOLPYOLHV ®OC €0TIEG TEPAUTEP® OAVATTVENG TOV
SOKLUAVOEDY, 00N YOVTOG OTHV 0PYAVMOT g TEPLOdIKNG arinlovyiag amd roll waves.



>10 Kepahoto 5 Bswpodue v aAinieniopaon aviueca oe roll waves dwapopetikod midtovg. ‘Eva peydho
roll wave odevet Tayvtepa amd Eva pikpd Kot 1o, 600 ToVg GUVEVMVOVTAL OTAY GLuVOVTNBOVLY. AVTO GUVIGTA T
Bdon ¢ diadikaciog EKTPAyvVENS TIOV TAPATNPEITAL 6TIG KOKKMOELS poig Yo Fr > 2/3. Toavtoypdvac, ta roll
waves tetvouv va €£16000vV To TAATOG TOVG (KOl ETOUEVMS TNV TAYXVTNTA TOVC) UE L0 CUYKEKPIUEVT] TN TTOL
OVTIOTOYEL OTNV 1G0KOTAVOUT TOV KOKKMOOLS VAIKOD HETaED Tove. [lpogavac, n Ty avtq avédvetatl Kabe
@opa oL cLUPaivel P GLVEVEOOT KVUATOV. OTav TALOV 01 10 0YIKEG CUVEVAMGELG £XOVV LEIMGEL TO TAN00G
tov roll waves ce 1010 Babpod dote ta Koo va Tpoiafaivovy va Tacovy 6To Tpoavapepéy emBountd
TAGTOg TPV cLUPel pia vEQ GUVEVMGT, TOTE TO GUGTNUO TOPAUEVEL £G Ol GTNV TPEYOLGA KATAGTAGY, GTNV
onoio. 6ho Ta evomoueivavta roll waves éyovv 6o mAdtog kail toydmTo. To @oavopevo avtd Koleitol
"Tayopo" g d1dtKaciog EKTPAYVVOTG TG KOKKMOOVS PONC.

Ev xataxieidl, oto Kepdroto 6 cuvoyilovpe o o GNUOVTIKG LOG EVPTLLOTO KOl TOPOVGLALOVIE TPOTAGELG
Yl LEAAOVTIKY EPEVVAL.

Abstract

Granular matter flowing down a chute can be successfully modeled as a continuous medium admitting a
hydrodynamic-like description. The special nature of the granular fluid is taken into account via appropriate
constitutive relations for the friction with the chute and the internal viscous-like forces. In this approach, as
elaborated in the first two chapters of this PhD thesis, the dynamics of the granular sheet is fully determined
by two coupled nonlinear partial differential equations (PDES) representing the mass and momentum
balances, respectively, which are the granular analogue of the Saint-Venant equations for shallow water flow.

We show that the sheet can host a variety of waveforms, depending on the Froude number Fr of the incoming
flow. In Chapter 3 we discuss the regime Fr < 2/3, where the uniform flow is stable. Here the sheet is able
—when the inflow of material at the top of the chute is increased— to support a monoclinal flood wave, i.e., a
traveling shock structure connecting two uniformly flowing plateaus of different depths.

In Chapter 4, starting from a monoclinal wave, we follow the sequence of waveforms appearing on the sheet
as Fr is gradually increased. In order to do so, we focus on traveling wave solutions of the governing PDESs
and formulate the associated dynamical system consisting of two 1st-order ordinary differential equations
(ODEs). By performing the stability analysis of this dynamical system, along with a study of its phase space
portraits for growing Fr, all successive waveforms are systematically revealed.

Just below the critical value Fr = 2/3 we find a novel stable waveform, the granular undular bore, which is a
perturbed monoclinal wave exhibiting undulations on its upper plateau. When Fr of the incoming flow
exceeds 2/3, the upper plateau of the undular bore is no longer stable and the aforementioned undulations now
serve as nucleation points for further wave formation. The plateau ultimately organizes itself in the form of a
periodic train of roll waves.

Chapter 5 is dedicated to the interaction between non-identical roll waves. A large roll wave travels faster
than a small one and the two merge when they meet. This forms the basis for the coarsening process observed
in granular flows with Fr > 2/3. On the other hand, every roll wave tends to adjust its height (and thereby its



velocity) to a specific value that corresponds to an equal distribution of the available granular material among
the roll waves on the chute. This value increases step-wise with every merging event. When the repeated
mergers have diminished the number of waves on the chute to such a degree that the roll waves manage to
reach the targeted equilibrium height before a new merger occurs, then the system stays forever in that same
state, with all the surviving waves being equal in height and velocity. We call this phenomenon "arrested
coarsening" of granular roll waves.

Finally, in Chapter 6 we summarize our main findings and give an outlook for future research.

Link avaptnong g Awdaktopikic Atotpipg (evdéyetor va ypelaotel vo kavete refresh ot oehida yio
va avoifel To apyeio): https://drive.google.com/open?id=1919zFzGvvuynV5mEKuwKulHtMBEghMdX
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