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Abstract

Hydrophobicity is a much-desired property that can assist the surface functionalization via obtaining properties such as
anti-fouling, self-cleaning, directional liquid transport, wet friction reduction, anti-icing, improved heat transfer and drag
reduction. The wetting state of a nominally flat surface is governed by its surface energy. Altering the surface topology by
introducing roughness can increase the hydrophobicity of an inherently hydrophobic surface. More recently, outstanding
wetting properties of natural surfaces unveiled the crucial role of dual scale or hierarchical morphology in further enhancing
the hydrophobic properties of the structured surfaces towards superhydrophobicity. Regarding metallic surfaces, which are
inherently hydrophilic, the challenge of wettability modification is great. Most of the approaches reported in the literature
involve several steps of surface modification for surface energy reduction and subsequent roughening, in order to realize
hydrophobicity. The unique resulting hierarchical surface of a metallic surface processed by Wire Electrical Discharge
Machining (WEDM), can result in a hydrophobic outcome during a single step. The two levels of roughness are introduced
by a stochastic microscale component, created by the electrical discharges, and a sub-millimeter morphology introduced
by the controlled wire path. However, the inherent complexity of the interplay between process parameters and multiscale
roughness outcome prevents a clear understanding of their influence in the machined surface wettability. This dissertation
aims to contribute in providing a more comprehensive insight to aspects of dual scale roughness influence on the wettability
of 6082 aluminum alloy surfaces fabricated by WEDM.

For the study of the smaller scale of roughness, nine samples with different combinations of process parameters were
fabricated, adopting an L9 orthogonal Taguchi approach for the design of experiments. Three levels of the process
parameters of peak current, pulse-on time and gap voltage were applied to produce surfaces of different topographies. The
transition from initial hydrophilicity to hydrophobicity was observed for all samples. Surface texture characterization of all
samples was performed. The effect that process parameters, areal texture parameters, morphology and other parameters had
on wettability was discussed. Process parameter and roughness variations have an intermingled effect on wettability.
Moderate values within the selected experimental ranges resulted in highest contact angles. Consequent finite element
modeling of rough surfaces, by coupling phase field and laminar flow was implemented in order to further realize the
roughness effect on hydrophobicity. Roughness was modeled as a uniform random distribution or by using the Perlin noise
with roughness values varying according to selected experimental cases.

The study of the second, sub-millimeter scale, was performed by creating grooved structures of various geometrical profiles
on the aluminum alloy surfaces by controlling the wire path. The two-level hierarchical roughness structures were able to
further increase their hydrophobicity, reaching up to superhydrophobicity. The effect the second scale roughness and
morphology is articulated, with considerations on wettability aspects that they influence. A correlation of contact angle
with roughness parameters is indicated. The effect of wetting directionality of selected profiles is discussed in accordance
to their morphology. The wetting behavior of the surfaces regarding different drop volumes and lower surface energy liquids
is discussed. A temporal evolution of contact angle showed the effect of morphology on durability of the hydrophobic
attribute of the surface. Finally, computational modeling of selected cases pinpointed the effect of surface texture and
microscale roughness in efficient air trapping inside the groove cavities.



Hepiinyn

H vdpogofikdmra ivar pia diaitepa emtBopnt 810TNTO 1OV PTOPEL VoL EVIGYDOEL T ¥PNOTIKOTNTO LLOG ETLPAVELNG LECH
NG OTOKTIONG WO0THTAOV OTMG OTMON N ETLPAVEINKDV POT®V, CVTOKAOOPIGLOG, KATEVOBLVTIKOTNTA 6T POT|, LEI®ONG TG
VYPNG TPIPNG, AVTI-TOYOYOTOINGT, EVICYLUEVN HeTapopd Bepudtntag kot peioong tng vopoduvapikng avtiotaong H
Katdotaon dafpoyng HG OVOLOCTIKG EMIMEING EMPAVELNG JIETETAL OO TV EMPAVELNKT] TNG evépyel. H alAayn tng
TOTOAOYI0G TNG EMUPAVELNG LLE TNV ELCAYMYT TPAYVTNTAG UTOPEL VoL avENGEL TNV LOPOPOPKOTNTA LG EYYEVDS VOPOPOPIKTG
emeaveloc. Ipocedtwe, ot e£atpeTikés VOIPOPOPIKEG OOTNTES PLOIKMV EMPOVELDY UTOKAAVYOV TOV KPIGLHO pOAO NG
SuTANg KAMPOKOG 1 TNG 1EPAPYIKNG LOPPOAOYIOG OTNV TEPULTEP® EVIGYLOT TV LIPOPOPRIKAOV 1O10TNTOV TV SOUNUEV®V
EMUPOVELDV, EVIGYDOVTOS TEPULTEP® TNV VOPOPOPIKATNTA TPOG TNV VIEP-VIPOPOPKOTNTA. Oc0OV 0POPd TIC LETOAAKES
EMPAVELEC, Ol OTOIES EIVOL EYYEVMDG VOPOPIAES, 1] TPOKANGT TNG TPOTONOINGNG TNG SAPPEKTIKNG TOVG duvaTOTNTOG Elvarl
peydn. Ot meplocdTepeg mpooeyyioels mov avapépovtatl ot PAtoypaio mepiiappdvouv apketd Prioto TpOTOToinong
NG EMPAVELNG Yo TN HEIOON TNG EMPUVEINKNG EVEPYELNG KOl TNV EKTPAYVVON TNG, TPOKEWWEVOL Vo emitevydel n
vopopoPikdmra. H 1dwitepn empaveioxn OSopr oG HETOAAIKNG EMPAVEWNG TOL EYEL MPOKVWEL WE YPNOM
niektpodidfpmwong cvppotog (Wire Electrical Discharge Machining - WEDM), pmopet va odnynoet o€ éva vdpopofikd
amotélecpo yopic T ypnomn enumiéov Pnudtov. To dHo enimeda TpayHTNTOC EIGAYOVTOL OO L0 CTOYXOGTIKY HOPQOAoYia
HUKPOKAIHLOKOG, ONIOVPYNUEVT ATtO TIG NAEKTPIKEG EKKEVMGELS, KOL L0 LOPPOAOYID VITO-YIAMOCTOUETPOV ELGAYETOL OO
™V eieyyopevn dadpopn Tov GOPHOTOG. Q0TOGO, 1 €YYEVIG TOADTAOKOTNTO TNG OAANAETIOPUOTG TOV TAPAUETPOV
KATEPYOAGIOG KOL TOV OMOTEAEGHOTOG TG TOAAATANG KAILAKOG TP OTNTOG ATOTPETEL LK COPT] KOTOVONOT TG ETPPONS
Toug otnv dwPpoyn g emegepyoaouévng emoedvelag. H mapovcsa Swatpifny otoyevel va cupPfdriel otV Tepattépw
KATOVONON TTUXAV TNG EMPPONG TNG TPAXVTNTOS dVO EMITESOV GTNV LOPOPOPIKATNTA TOV EMPAVELDY TOV KPALOTOG
adovpviov 6082 mov katepydotnray e WEDM.

Mo ™ pedétn g pikpdtepng KAIPOKG TpoyDTNTOC, KOTOOKELACTNKOY EVVEN Oelylata e SLaPOPETIKOVS CLUVOVAGLOVG
TOPAPETPOV KaTtepyasiog, vioBetdvtog o opboyovikn mpocéyywon Taguchi L9 yw tov mepoapatikd oyxedoopo.
Epoppootniay tpia eninedo Tov ToOpapiETpOV KATEPYOTING Y10 TNV TUPAYMOYN EMPAVEIDV LLE SLUPOPETIKEG TOTOYPOAPIES TO
omoio NTaV TO PEYIGTO PEVUa, 0 ¥pdvog dibpKelag Tapod Kot 1) Tdor kevov. apatnpndnke n petdfacn amd v apyikn
vOpoeiMa oe vipooPfia Yo Ola ta deiypota. [Mpoypoatomodnke yOPOKTNPIOUOC TOV ETMLPAVEIOKDY TOPOUETP®V
TPoYOITNTOG Yo TIS EMPAvelEg OAV ToV detypdtov. Zuintiinke 1 emidpacn TV TUPAPETPOV KOTEPYOCING, TOV
TOPAPETPOV ETLPAVEINKNG TPOYVTNTAG, TNG HOPPOAOYIOG KOl GAA®V TOpOUETp®V OTIC UETABOAES TNG OloPpeKTIKNG
KovOTNTOG TOV emEaveldv. Ot HeETOfoAEG TOV TAPAPETPOV KOTEPYOSIOG KOl TNG TpayDTNTOS £de1&av va Egovv éval
GLVOLAOTIKO OTOTELEGHLO GTNV VOPOPOPIKOTNTA. YYNAOTEPES YWVieg EMAPNS PpiBnKay oe eVOLAETEG TILES TOV OAVOTEP®
TOPAPETPOV. XTN GLVEYELD, Tpaypatomomdnke povielomoinon pe T HEOOSO TOV TEMEPUCUEVOV OTOLEIOV TOV
EMEOVELDV, PECH NG oVlevéng Tov mediov @dacewv (Phase Field) kot g otpmtig pong, Le OTOXO TNV TEPOUTEP®
KaTavonomn g Enidpacns g TpaxdTog oty vopopoPucodtnta. H tpaydtnta povieAomomOnke gite ¢ pio OpotOpopen
Tuyaio katavoun, gite ypnoyomowwvtag tov 00pvfo Perlin, pe tpég tpaydtog mov petafdAloviol COUE®VO LE TIG
HETPNCELG EMAEYUEVOV TEPOLUATIKMDY TEPUITOCEDV.

H pelémn g devtepng, vmo-(IAMOGTOUETPIKNG KMUOKOG TPOyUATOTOmONKe dNUIOVPYOVTOG OOUEG LE OVAAKMOGCELG
SPOPOV YEOUETPIKOV TPOPIA OTIS EMPAVEIEG TOV KPApOTOG ahovpviov, Aéyyovtag T dadpopn tov cvpuatog. Ot
1EPAPYIKES SOUES TP LTNTAG dVO EMTE®V NTOV 08 BEGT VO AVENCOVY TEPULTEP® TNV VIPOPOPIKOTNTA TOV KATEPYACUEVOV
EMPOVELDV, PEXPL KAL TO OPLO TNG LIEPLIPOPOPIKOTNTOC. AvaAvOnKe 1 eMidpacn TG TPAXOTNTOG SEVTEPTG KAILLOKOG KO
™G HOPPOAOYING, e YVOUOVA TIG TTUXEG TG VOPoPoPicodTnTaG oV EMnpedlovy. Bpébnke va vdpyetl 1oyvpn cvoyETion
HETAED TNG YOVIOG ETAPNG LE TIG TAPAUETPOVG TNG TpayVTNTAG. EmimAéov, Tpaypatomrombnke cv{nmon yuo v enidpaon
™G KOTELOVYVTIKOTNTOG GTNV VOPOPOPIKOTNTA EMAEYUEV®OV TPOPIL GE OY€oN HE TN LOPPOAOYIO. TOVC. XTI GUVEYELD,
€€eTAOTNKE M CVUTEPIPOPE TNG VOPOPOPIKATNTOC TOV EMPAVEIDV MG TPOG SAPOPETIKOVG OYKOVS GTAYOVOV Kot VYPH
YOUNAOTEPNG empavelakng evépyelag. H pelétn g ypovikng enidpaocng ot yovio emagng £6eiEe v emppon g
HOPPOAOYIaG 6TV avToyn TG VOPOPOPLKNG 1OTNTAG TNG EMPAVELNS. TELOG, 1) VTTOAOYIGTIKY] LOVTEAOTOIN O EMAEYUEVOV
TEPIMTOCEMV KATEGEIEE TNV EMIOPOCT] TOV YEMUETPLKOV TPOPIA TNG EMPAVELNG KO TNG TPUYVTNTOS OE HKPOKALOKO GTNV
OTOTELEGHLOTIKT] TAYIOELOT) 0EPA OTIG ECOYEG TMV OVANKDGEDV.



