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H o1 ko to £pyo Tov

0 AAkiBuadng X. Maylatdkng yevvnbnke otig 22 Av-
yovotov 1945, otnv ABnva. Iavtpedtnke v ZovAa
Toltovpa kat amoékTnoav SV Yloug Kal pia Kopn. Zmov-
daoe Xnukog Mnyavikog kat amo@oitnoe amo 1o EOvi-
k0 Metoofo IloAvtexvelo to 1968. To 1973, amoktn-
o€ 10 SL8akTopLko ToL SimAwua oto [Tavemotiuo Tov
Syracuse twv HIIA. H petadidaktopikn tov Spactnpt-
otnta dpxloe to 1973 oto I[lavemotiuio tov Syracuse
kat wG Research Associate otnv etapeia Brunswick
Corp., otig HITA. H mavemotuiakn tov kapiépa Ee-
kivnoe, to 1974, wg Emikovpog Kabnyntig oto Tunua
Xnuikwv Mnyavikwv tov [lavemiotnuiov tov Xiwovotov,
OTIoV, TEALKA, e€eAixOnke ot Babuida tov Kabnynt, to
1980. Amo to 1981, nrav Kabnynmg oto Tunqpo Xnut-
Kwv Mnyavikwv tov IMavemotnuiov Iatpwv evw amo
T0 1999 péxpLto 2006, dietédece Kal AlevBuvTi|G TOU
EpeuvntikoV Ivotitovtou Xnuikng Mnxoavikng kot Xnpt-
Kwv Atepyaciwv YPmAng Oepuokpaciog tov [6pvpatog
Texvoloylag kat ‘Epguvag. Ao to 2006, jtav [Ipdedpog
Tov I6pvpatog Texyvoloyiag kat "Epevvag. Elxe tiun0el
e TToAAQ Bpafela KAl CUUPETAOYEL OE ONUAVTIKEG ETTL-
tpomeG. ‘'Htav 16putg kat [Ipdedpog tou Awktuov ITPA-
EZH amoé to 1991.

Hmpoo@opd tov otnv épevva kaL texvoAoylantav mo-

Avdldotatn, VW dPmnoe
TAOVOLO ETIL- OTNUOVLIKO
€pyo o1n Ot- ebvn BLBAL-

oypapla.
Xapdauata g 29n¢ NoeuBpiov 2009, Epuye amo ko-
VTA Lo,







AMxkipradons X. ITayiotdkns

O AAkiIBiaéng X. Mayiatakng yevvnonke oTIG 22
ALYOLOTOL TOL 1945 TNV ABARVA, KAl CLYKEKPIUEVA
o010 Koukdkl, 01Tou £{noe Ta TTAISIKA KAl epnPIKA TOL
XPOviIa.

To e€atagio -1O0Te- TLUVAOCIO, OTTOL POITNOE, NTAV
n EvayyeAikn IxoAn otn Néa Iuvpvn. ‘Hrav amod Toug
KAADTEQOLG PABNTES Kal, YIa TTOAG XPOvid, TTPOE-
5p0G oTnV TAEN TOL. EkEl TPWTOYVWEICE KAI TNV LOL-

Aa Toitovpa, TN peTemaTa cLlLYO TOL, TTOL ATAV ATTO

Ta €AAXIOTA KOPITOIQ OTO CLYKEKPIUEVO YLUVACIO,

MIAG KAl TO OXOA&io ATAV “TTPAKTIKAG KaTeLOBLVONG”.

Tnv mepiobo auvTr) SIATTAGBETAI N TTPOCWITIKOTNTA KAl O XAPAKTAPAG TOUL.
AlQuop@vel £va cLOTNUA APXWV Kal a&lcyv, OTO OTToio Ba TTapaEivel ara-
PEYKAITA TIIOTOC WG TO TEAOG. XapakTnpileTal
amd SLVAUIOUO, ALTOTIETTOIONOCN, €vOOLOI-
aopo, aiclodofia, epyaTtikoTNTA, ETTIPOVH,
gevbovveidbnoia, LTToPoVR, AvISIOTEAEIQ, BETIKN
51a0¢eon. Eival Beppodg LTTOOTNPEIKTAG TNG Afl-
oKpaTiag kal TNG ApIoTNG TToIOTNTAG (KAl OXl
TNG MEYIOTNG TTOCOTNTAG) KAl TTOAEUIOG TNG
HETPIOTNTAG KAl TV ABEUITOV COUVAAAAYQV.

To 1963, cicdyetal oto TUAUA XNUIKGV
Mnxavikev ToL EBvViKkob MeToORIou MoAuTexveiov. Ayamnoe Tn Xnuikn Mnxa-
VIKA) KAl pe TTOAD Sidpacpa kal
okANpEr SoLAEId KATAPEQVEL VA
gival amod ToLg KAALTEQPOLG POI-
TNTEG TOL £TOLG TOL. Ekel yYvpilel
TOV KABNyNnTh TNG ‘ESpag “EISIKAG
MnxavoAoyiag” NikoAao Kovpoo-
TOO, TTOL ATTOTEAETE TTPOTLTTO TOL

KAl TOL EUPLONCE TNV AYATIN YIA

TNV £0ELVA KAl TA PAIVOUEVA HE-
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TAPOPAG. YTTO TNV KABOSNYNGOT TOL, AANWOCTE, eKTTOVNOE TN SITTAWUATIKY TOL
gpyaoia. H ayarnuévn Tov ToLAA Poitd, TNV idia TePiodo, TNV APXITEKTOVIKN.
YovNBIle, HONIOTA, Va AEEl OTI TIEQVOLOE TTEPICTOTEPO XPOVO OTNV APXITEKTOVIKN
at’ O,7 oTo TUAUA TOL, XWEIC PLOIKA ALTO VA ATTOTEAETEI EUTTOSIO OTIG OTTOL-
5¢G TOL, OTTWC aTTodeixTNKe OTN cLvExeld. Maipvel To SITTAWPA TOL TO 1968.

Mepvael Tov ATAQVTIKO YIQ VA CLVEXIOEI TIG OTTOLSEC TOL OTO MAVETIOTAUIO
Syracuse NG Néag Yopkng, HMA. Apxilel TO PETATITUXIOKO TTPOYPAWUA OTTOL-
5V, AANG YPNYOPA CLVEISNTOTIOIEI TTWG EXEl AVAYKN TN CLVTPOPIA KAI TNV AUE-
on vTrooTNPIEN TNC LOLAAG. 'ETOI, TO KAAOKAIPI TOL 1969, TTOL £PXETAl OTNV EA-
Aaba yia SIaKOTIEG, ETTIOTTELSOLYV TIG TIPOETOIUACIES Kal, OTIG 28/8/1969, TeAeiTal
0 YAUOG KAl ETMIOTEEPOLY Paldi oTNV
AUEQIKA.

Exmrovei T SiSakTopikr) Touv &I
atpIpry pe TNV kKaBodryynon TOL
KaBnyntn Chi Tien, ye B¢ua TN po-
vrehoTroinon TnG PaBidg SinBnong.
H kaivotopia TnG SI6AKTOPIKNG TOL
S1aTPIPNG EyKEITal OTN XPNOIUOTION-
non SIKTLOL TTOPWV YIa TNV EOUOI-
WON TOL KEVOL XWPEOL TTAKTWUEVNG
KAivNG AUPoL Kal oTn Bedpnon Yo-

vasIdiVv KEANIQV (CWANV®YV) TTOL
PEPOLV OTEVWON KAl EEOUOICVOLYV TTIOTOTEPA TO CLYKAIVOVTA/ATTOKAIVOVTA XO-
OAKTNPEA TNG PONG SIAUECOL TWV TTOPWY TNG KAIVNG. AVETTTUEE KWOIKA O€ NAE-
KTOOVIKO LTTOAOYIOTA YIa TNV €TTIALON TOL TTEOPRAAUATOC TNG PONG SIAUECOL
ALTOL TOL €I6OLG TWV KEAIWV UE OTEVWON KAl TOV LTTOAOYICUO TWV XAPAKTNEI-
OTIKQV PEYEOWY TNG PONG (TAXLTNTAG, TTEONG, K.ATT.), KABWGS Kal TOLS PLOPOVLS
KATOKPATNONG TV AIWPOVUEVRYV OCWUATISIOV. AG ONUEIWOE OTI, TNV ETTOXN EKEI-
VN, N TEXYOAOYIA TGV LTTOAOYICTWY NTAV CE VNTTIAKN NAIKIQ KAl O TTOOYQAUUATI-
OMOG YIVOTAV PE KAPTEG PE KATAANAN Siatpnon (kaBe sidTpnTn KAPTA ATTOTE-
AOVLCE HIO YOAUUN TOL KWSIKA). ZLVETIWG, TO £0YO TNG EKTEAEONG APIBUNTIKGV
OTTOAOYIOU@YV &€V ATAV KABOAOL ATTAO.

To 1971, yevVIETAI O TTIPWTOG TOL YIOG, O AANEEAVEPOG.

ITIC apXEC ToL 1973, avaknpvooetal AISAKTOPAG OTN XNUIKA MNXAVIKH KAl
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Tapauével oto MavemoTthuio  Syracuse
WG UETASISAKTOPIKOG CLVEPYATNG YIA HE-
PIKOVLG PNVEG, €W ToV lobvio Tou 1973.
AUECWG PETA, KAI JEXO! TOV ADYOLOTO TOL
1974, amaocxoAeital wg Epevvntng otnv
eTaipia Brunswick Corp. oto Skokie, lllinois,
HIA.

To 1974, yiveral TTatéEAg yia Se0TEPN
PopPA, TOoL MNwpPYoUL.

ExkAéyetal Emikovpog Kabnyntng oto

TUAMA XNUIKOV Mnxavikv Tou Taveri-

oTnuiov Houston oTo Texas, HMA kal avalappdavel KaBNKovTa To LeMTEUPPIO
TOL 1974. TnVv 1TePiod0 ekeivn, TO TUAUA XNUIKGYV MNXavIKV Tou lMavermoTnui-
0oL TOL Houston BewPEITO WS £va ATTO TA KAALTEQA TUAUATA XNUIKAG HMNXAVI-
KNG oTig HMA, éxovTtacg oTig Ta&eic Tov oTTouvdaiovg KABNYNTES, OTTWGS Tov Neal
Amundson kail Tov Dan Luss. ACXOAeiTal peLVNTIKA PE TN UEAETN TNG ATTOBECNG
AEPOKOANOEISOV TE IVAdN PIATPA, TNG POPEPNG TOL ATTO-BEUATOG KAl TNG
€Mdpaong avTAG oTNV ATOd0oCon TOL MIATOOL KAl OTNV TITWOoN Tieong. To
1975, BpaPeveral pe 1o Suttle Award amo tnv évewon “The Filtration Society,
London”.
To 1976, £pxeTal OTOV KOCWO N AyarnUEvn TOL KOEN ZAvia.
AQTPNG TNG CWPATIKNG ACKNONG KAl TNOTOG OTTadog Tou “*voug LYING &V
owpat vyle”, embideTal oe KABNUERIVO jogging oTo Houston Kal CLUPETEXEI O€
Ny I KGO €ibovg abANTIKA §pacTNPEIO-
TNTa (MOSOCPAIPO, KAAaBoopai-
pIoN, K.ATT.) JE PIAOLG 1 POITNTEG
TOL. TO KABNUEPIVO jOogging TO OL-
vexidel yia TTOAG xpovia akoud,
AAAQ, Kal OTaV TO PAPL €TTAYYEA-
HATIKO TOL TTPOYPAUPA TTEPIOPICE!
TOV EAELOEPO XPOVO OTO EAAXIOTO,
Slapop@avel TIC CLVABEIEG TOUL
£TOI WOTE N OWUATIKA AoKNon va

€ival YEPOGC TV 5pACTNEIOTATWY
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TOL. XAPAKTNPIOTIKA, ATTEPELYE VA XPNOIUOTTIOIEI AVEAKLOTAEA KAl TIPO-TIUOVLOE
TIC OKGAEC, | oubvABIle va agrvel TO ALTOKIVNTO TOL C€¢ ATTOCTACN ATTO TO
ypageio Tou, yia va Padilel epiccoTepo.  Hrav, €mong, AATeng TOL KAAOL
BiBAioL kal Siapadle KAOe €ib5oLG RIRAIC, TOCO £MIOTNUOVIKA, OO KAl AOYOTEXVIKA.
QG PLOIKN ATTOPEOIA TOL YEYOVOTOG ALTOL O CLVOLACHUO HE TNV KAAN TOL TTAlI-
S€ia ATaAv KAl N APIoTN XPNon TOCO TNG EAANVIKNG, OCO KAl TNG AYYAIKAG YAQO-
Oag OTO YPATITO KAI TIPOPOPIKO AOYO. AyATTOLCE, ETTIONG, TN MOLOIKN -KLPIWG
KAQOIKNA- TTOL OXeSOV TTAVTA TOV CLVTPOPELE, OTAV SOVAELE OTO YOAPEIO TOUL.
MNapAKoOAOLOWVTAG £va CEUIVAPIO, AVTIAAURAVETAI TTWC N TEXVOYVWOTIia TTOL
gixe avarmTuel Péxpl TOTE yia Tn PaBIa SINBNon PmopoLoE va PeTapepBel oTnV
TTIEQIOXN TNG PONG SVLO LYP WV PATEWY SIAPETOL TTOPWEWY LAIKWV [E EPAPUOYN
oTN PEATIOUEVN ATTOANWN TTETPEAQI-
0L KAl VA AVOIEel VEEG TTPOOTITIKEG
oTnv TepIoxn avtn. 'Eva amo Ta
oTToLSAIOTEPA TTPORANUATA TTOL
QVTIUETOMIE KAl AVTIMETWTTICEI,

akopn, n Plounxavia amoéAnwng
TETPEATIOL €ival N avamTuén aro-

SOTIKQV PEBOSWYV YIa TNV ATTOAN-

wn 1oL 60-80% TOL TTETPEAQIOL TV

KOITAOUATWY, TO OTTOIO TTAPAMEVEI
TTAYISELPEVO OTOLG TTOPOLC TWV TTETPWHUATWY HETA TNV TTEWTORABUIC ATTOANWN.
H ekTOTTION TOL TTETPEAQIOL pE LEATOTTANUWLPA (waterfl ooding) ammoTeAei TNV IO
aATTAR KAl PONVH HEBOSO SeLTEPLOPRABUIAC ATTOANWNG. AKOAOVLOEG EKTOTTICEIG HE
S10&eiblo ToL AvOpaka, ATUO, APEOVLS, TTOAVUEQH K.ATT. ATTOTEAOLV UEBOSOLGS
TPITORABUIAC ATTOANWNG TTOL ATTOCKOTIOLY OTNV TTEPAITEPW ALENCN TNG ATTO-
500NC ATTOANWNG TTETPEAQIOL. ATTO ETTICTNPOVIKA ATTOWN €ival CNUAVTIKO VA KO-
TAVONOEl KATTOIOG TOLG TTAPAYOVTEG EKEIVOLG TTOL PLOUICOLY TOLS SIAPOPOLS
UNXAVIOPOLG PoNG SVO PACEWY Ot TTOPWSN PECA Kal va avamTuéel Tn Bewpia
eKeivn TTOL BA eMTPEWE TNV APICTOTTIOINCN TV SIEQYATIOV ATTOANWNG TTETPEACI-
0L. XTo Houston Tou Texas é5peLOLY Ol PEYAADTEQEG ETAIQIEC TTETPEACIOL Kal, OL-
VETIWG, N EVAOXOANON PE £EpELYVNTIKA BEUATA ALTOL TOL €iboug Ba cixe eEacPpa-
ANICUEVN TNV OIKOVOUIKN EVioxLuon. Mg Tn cuvepyaoia Touv kabnyntn Raymond

Flumerfelt cuvéypawayv TpoTacn yia PACIKN MEAETN TNG EKTOTTIONG TOL TTAYISEL-
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MEVOL TTETPEACIOL O€ TAUIELTAPES, N OTTOIA KAl XPNUATOS0TABNKE, AKOAOLOOL-
pyevn atmo oelpd AAMwv (Energy Institute - Houston Branch, Energy Research
and Development Administration touv U.S. Department of Energy, Marathon
Oil, Shell Development).

H kapiépa Touv e€eAicoeTtal pa-
ybaia. To 1977 mpodyeral oe Avao-
TTANP®WTA KaBnyntn. Zuvepyadleral
HE TTOAD KAAOLG VEOLC pETASISO-
KTOPIKOUG £0ELVNTEC OTNV TTEPIOXN
TNG QATTOBEOoNG AEPOKOANOEISQY,
OTIWG Tov Leon Gradon (ueTemeTa
KaBnyNnTh kaimpvuTavn oto Warsaw
University of Technology, Warsaw,
Poland) kal Tov Kikuo Okuyama

(peTémaTa kaBnynT oTo University
of Osaka Prefecture, karl Hiroshima University, Japan). MNMapdAAnAa, avamntoo-
OETAI KAl O TIPWTOG £EO0UOINTNAG SIPATIKNG PONG O€ TTopwdNn PEaa, TTOL £EETALEI
TNV Kivnon, Tn S1IG0TTaon KAl TNV TTAYiSeLon yayyAiwy TTETOEATIOL O€ TAUIELTH-
peg (S16akTopIkO K. Ng, 1980). O €€0UOIDTAG ALTOC AVATITOCCETAI TTEQAITEDW
KAl YEVIKEVETAI YIA TN JEAETN TNG EKTOTTIONG TTETPEACIOL O€ TTOPWEN TTETOWHATA
KAl TN SLVAUIKN CLUTTEPIPOPA YAYYAIV (§i6akTopIkO M. Dias, 1984). To 1978
BpaReveral pe To du Pont Young Faculty Grant, 10 1979, ue 1o Best Fundamental
Paper Award, AIChE (Texas), evw, To 1980, pye 10 Hallibburton Engineering
Faculty Research Excellence Award kai TaAl pe 10 Best Fundamental Paper
Award, AIChE (Texas). To 1980, eCeAicoetal oe Kabnyntr) oTto T.X.M. Tou Ma-
vemoTnuiov Tov Houston. To
1981, BpaReveral pe o Allan P.
Colburn Lectureship, University .
of Delaware kai, To 1982, r ‘
pe To Robert W. Vaughan ¥ ), & OICOK IO K

%-- 2
Lectureship, California Institute
of Technology. l l ﬂ ‘ '

H vooTaAyia mavra vma-

PXel KAl N amogaocn yia €T
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oTpoPN oTNV EANGSQ TTpETTEl va TTapBei cuvVTOUA, TTEIV TA TTAISIA APOUOIO0LY
OTO QUEPIKAVIKO CUCTNUA KAl OTNV APEPIKAVIKF KOLATOLPA. TNV ETTOXN €KEIVN Ol
S100€01UEG aKadNUaikéS BETEIG NTAV TTEPIOPICUEVEG KAl O LPICTAUEVOG AVAXOO-
VIOTIKOG BeOPOG TNG £60AG AEITOLPYOVLOE ATTOTPETTTIKA YIA TOV ETTAVATIATRICUO
aAfIOAOYWV EANAVQV ETTIOTAPOVRV TOL £EWTEPIKOL.

MNapoAa avtd, gupavietal hia “evkaipia™ pe TNV TTPOKAELEN KIAG BEoNG Ka-
BNyNTN OTNV TTEPIOXN TWV PAIVOUEVWV LETAPOPAC OTO VEOISPLOEY TOTE, QAN
HE ELOIWVES TTPOOTITIKEG, TUAWA XNUIKWV Mnxavikev Tou MavemoTnuiov Ma-
Tpwv. To MavemoTAuIo MATPWV, WG OXETIKA VEO TTEPIPEQEIAKO TTAVETTIOTAMIO,

Sev gixe akOUa AANOTPIWOE atTd TO APTNEIOCKANPWTIKO TTACICIO TTOL SNUIoLE-

.
>

yoLOoE 0 BeCPOG TNG £60AG, OTTWG
OLVERAIVE PE TA TTEQICCOTEQA Ké-
VIPIKA TTAVETIOTAUIA. ATTOPACIOE
va LTTOPRAAEl LTTOYWNPIOTNTA KAl
EKAEXTNKE WS KaBnyntng Tapd 1O
VEAPO TNG NAIKIAg ToL.

FepaToC  €Amibeg, opduaTta
Kal TTPOCSOKIiEG yia TN Snuiovp-
yia evog THAUATOS avTAgiou Twv

AVTIOTOIXWV THNUATWY TWV KAAL-
TEQWV APEQIKAVIKWY TTAVETTIOTNUIWV £pxeTal oTn EAANGSa kal apxilel 60LAEIG TOV
lobvio Tou 1981. XItnVv MaTtpa, cvuvavia SLO AANOLC VEOSIOPICOEVTEG KABNYN-
TEG TOL TUAMATOG XNUIKGV Mnxavikwy, Toug K. . Bayevad kai . N. Namabeodw-
OOV, UE LETATITUXIOKEC OTTOLSEC KAl AKASNUAIKA/EQeLVNTIKN euTTeipia OTIC HITA.
Ol TPEIG TOLG, WG HIA CLVEKTIKA KAl ASIAIPETN opAda, SOLAeWAV PUe CLOTNUA-
TIKOTNTA, CLVEQLYACTNKAY KAl AY@VIOTNKAV SIEKSIKOVTASG TN dnuiovpyia evog
TUAMATOG S1EBVYV TTPOSIaYPAPWY PE BACIKOLG AEoveG TNV AflokpaTia KAl TNV
ToIoTNTA.

Ol QpxIKEC CLVONKEC ATAV UAANOV ATTOYONTELTIKES, YIATI SEV LTTNEXAV KAV
YPAPEIQ, VM N XPNUATOSOTNON ATAV UNSAUIVE Kal §ev APNVE KAVEVA TTEQIOW-
pIo yIa Snuiovpyia gpyacTnEi®y. YTTNEXE HOVOV £vAG NAEKTPOVIKOG LTTOAOYI-
OTAG, O KEVTPIKOG TOL lMavemoTnuiou pe TeRITToL 20 TEPUATIKA YIA OAO TO TTPO-
OWTIKO TOL MavemoTnuiov Kal, BERaIA, oLTE AOYOG yia RonBNTIKO 1 epeLYNTIKO
TTPOCWTTIKO, APOL eV LTTHPXAV Ol avaykaiol TTopol. To 1982, 0 vEOoG VOUOG-

10 IIANEIIZSTHMIO ITATPQON



TAQioI0 yia TNV AvertaTtn Maideia (N. 1268/82) katapynoe TNV £5pa kal §06nkKe
n SLVaATOTNTA OPYAVWONG KAl AEITOLEYIAC TOL VEOL, AVEEAPTNTOL TTAEOV, Tun-
HATOG XNUIKGYV MNXAVIKQV.
To mpPoOYyPAUUa  OTToOLSWY
oL OXeSIAOTNKE ATTAITOVLOE
OTTEPROAIKO SISAKTIKO PpOPTO
yla TA pEAN ToL TuNuaTog. Xa-

OAKTNPEIOTIKA, TO €apIVO €£O-

UNVO TOL aKAdnuaikoL ETOLG
1981-82, omoTe Sibaoke “dal-

voueva Metagopdg” kal “Puoikeg Alcpyacieg I”, kABe Mapaokevr) eixe 5 WPEG

SisaockaAiag (2:00-14:00). Nepav TG eEAVTANTIKAG 5wpNG SI6ACKAANIAC, TTOETTE
va AvaloyIoTel KAVEIG OTI ixe EevLOXTAOE YPAPOVTAG TIC AVTIOTOIXEG ONUEITEIC,
ylaTi kaveéva BIRAIO oTnNV eEAANVIK ayopd &ev KAALTITE TOV TPOTTO PE TOV OTTOIO
NOeAE ekeivog va SI6ACKEI TA AVTIOTOIXA WABAUaTa. O CNUEITEIC ALTEG ETTOETTE
va QWTOTLTTNOOLYV YIA VA POIPACTOLY OTOLG POITNTES, AAAA TO KEVTPIKO (PG-
TOTLTIEIO TOL MMavemoTNUioL Sev avaAauPaAve TNV £yKalpn PWTOTLTINON. ETO!,
“EKAEIVE"” TO KEVTPIKO PWTOTLTTIKO NXAVNUA KATTOIA ATTOYELUATA KAl padi pe 5-7
POITNTEG PAWTOTLTTOVOE TIC CNUEITEIC. APYA TO PPASL, OTAV TEAEiVAY, EUTTAI-
vav OAol padi oto Audi, yia va katepouy otny MNatpa (TnVv eTToxN €KiV EAAXIOTO!
PoITNTEG S1EBeTaV IX KAl T SPOUOAOYIA TV AEWPOPEIV OTAUATOLCAY OXETIKA
VEIGQ). Me TNV TAP0o&0o TOL XPOVOUL, TO KAKO TTAPAYIVE Kal, £TOI, £va TTOWIVO
TOL 1984, oI TPITOETEIG POITNTEG TOL TUAWATOG XNUIKGWY MNXAVIKQOV PE ToV A. X.
Mayliatakn, KaTéAapav 1a eWTOTLTTIKA TOL lMavemoTnuiov kal éRyalav oe Jia
HEPO OXESOV OAEG TIG ONUEITEIG TOL TUNUATOG.

TeNIKQ, pHETA ATTO TTOAAEG TTPOCTTABEIES, SOGBNKAV Ao TNV MNpuTaveia TTepI-
OPICUEVOI XWPEOI OTO I00YEI0 TOL KTIpioL B, AAAG OI TTEVIXPES XONUATOSOTNTEIG
Sev ETTETPETTAV TN SNUIOLEYIA gpyacTNPEIWY. BEPaAIa, AVONKE TO TTOORANUA TV
ypapeiwv. MapoAa avtd, n KATAoTaon, Ao ATTown XPNUaTtodotnong, ATav
QATTEATTIOTIKN) KQI ETTRETTE VA YiVEl KATI YIA TNV AVELPETN OIKOVOUIK®V TTOPWYV. ETOl,
ApxXIcAV ol TPWTEG CLINTATEIG YIA TN SNUIOLPYIA EVOG EPELVNTIKOL IVOTITOLTOL
XNUIKAG UNXAVIKNG oTnV MaTpa petalLd Tov K. Bayevad, A. X. Mayiartakn, I. MNama-
Be0bWPOL, AAAG Kal TOL MNWEYOL LTEPAVOTTOLAOL, TTOL NTAV TOTE KABNYNTAG

oT1o T.X.M. ToL E.M.M. Kal, £&xovTag RIOCEl TO XAWSEC AKASNUAKO TTEPIBAAANOV
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oTnVv ABNva, evéiagepoTay yia 1o veo Tunua TG Natpag kar dibaoke (auiobi)
€va amo Ta pabnuara tou T.X.M.

H mpoTtaon yia éva EpeuvnTiKO IVOTITOOTO XNUIKAG MNXAVIKAG KAl XNUIKWV
Algpyaoiav YYnNAnG Oe¢puokpaciag (EIXHMY®) kartatébnke oto YTToupyeio
‘Epevvag kail TexvoAoyiag (Y.E.T.) To MdapTio Tou 1983. H Aeitovpyia Tou EIXHMY®
Apxioe oLOIAOTIKA TOV OKTOPRPEIO ToL 1984. O A. X. Mayiatdkng LTTNEEE PEAOG
TOL EXl TOL EIXHMY® a110 10 1984 ¢ 10 1991 ka1 ammo 10 1994 G 10 1999.

Tnv mepiodo 1984-86, o A. X. MNayliatakng ekAéxTNke Mpoedpog Tou T.X.M.,
. i“l '“ E § | eV, TNV TTEPIodo 1983-95 SieTéAeTe
~- - AIELOLVTAG TOL Topéa DLOIKWV Al-
epyaoiwy kail MepiPAANovVTOG T.X.M.
Tov Mdio Tou 1984 ammo®acioTnke
TO KAEIOIWO TOL T.X.M. G EvEei€n &I
apapETLEIAG YIA TNV EANITTH) XPNUa-
1060TNON KAl O TOTE LPLTTOLPYOG

Naibeiag, L. NamabeueAng, £dwoe
amo TIC Anpooleg Emevdvoeg Toocd LYOLS 50 EKATOPULPIWY SPAXUGY ATTO-
KAEIOTIKA oTO T.X.M. yia epyaoTtnela. NMapdAAnAa, oAOokAnpn n Trépuya Tou KTi-
piov B mapaxwpnBnke ota PéAn AEM tou T.X.M., eve £va YOG ALTAG TTAPO-
XWPENONKE (EvavTi CLUPOAIKOL evoikiov) oTo EIXHMY® yia Tnv eykatdoTacn NG
AIOIKNTIKNG YTTNEETIAC KAl TNG BIPAIOBNKNG Tou IvoTitovTou. 'ETol, dpxicav va
TTAiPVOLYV JOP®N KAl VA ATTOKTOLV TOV TTPWTO TOLG £EOTTAICUO TA £€0ELYVNTIKA KAl
EKTTAISELTIKA E0YACTAPIA PE TA TTEWTA XPAUATA TOL T.X.M., TQ OTTOId, OUWG, YIa
va avamTuxOoLV TTEPAITERW XPEIAOTNKAY APYOTEQT XPNUATA ATTO £PELVNTIKA
TTPOYPAUUATA, Ta OTToia NEBAV Péow EIXHMYO.

Emiong onuavTikn ATav TTAEOV KAl N TIOOCEAKLON PETATITUXIOKGV POITNTWY,
TTOL XWPIG ALTOLGS &€ voeiTal SlEEaywyr EPELVAC OTOV AKASNUAIKO XWPEO. MECK
TOL VOMIKOU TTAQICIOL TOL IVOTITOUTOL TTOL ETTETPETTE TNV ATTOVOWI LETATITLXIO-
KGOV LTTOTPOPIGWYV, YIA TTEWTN POPA KAl XWEIG TTPONYOLUEVO 08 OAN TN XWEA,
EUPAVIOTNKE OTIG EPNUEPISES TTPOKNPLEN TOL EIXHMY® 10 peTammTuxIaky LTTO-
TPOPIWV YIA TNV EKTTOVNON SISAKTOPIKNG SIATPIBNG O& CLVEQYATIA PE TUNUATA
ToL MM.M. O KAAUTEPOI €TMAEXONKAV KAl £TTAIEAV ONUAVTIKO POAO OTNV 0pYa-
von TRV epyacTnpiey. ‘OAol TOLG eEQIPETIKAG TTOIOTNTAG, IKAVOI, EQYATIKOI,
OLVEQPYATIUOI KAl PE eVEIAPEPOV YIA TNV ETTIOTAUIN KAI TNV £€pELva.  TLVERAAAV
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oLOIACTIKG OTN SNUIOLEYIA KAl AEITOLPYIA TWV EOYACTNPEIWY KAl TNV €V YEVEI
avanTouén Tou IvoTIToLTOL Kal ToL T.X.M. APKeTOI ATTO ALTOLC TTAPEUEIVAY OTO
XWPEO TNG £PELVAG WE eTmTLXIA. Me Tov AAKN MayiaTakn emeAe€ay, APxIKA, va
ouvepyaoToLy ol MNwpyog KwvoTtavT-
viéng kal ‘'OAya BOka, Kal TOV ETTOPEVO
XPOVO, OTNV OpAda TTPOoTEONKE O XPnN-
oTo¢ ToakipoyAov. Ta TTpwTa Opyava
TTOL AYOoPACTNKAV KAl €£YKATAOTAON-

Kav oT1o “EpyaocTtnplio Paivopévwy Me-

TAPOPAG” NTAV £VA UAKQOOCKOTTIO Zeiss,
£Eva ocLOTNUA PAYVNTOOKOTINONG, MIA AVTAIa CLPIYYWYV Kal, apyoTEPQ, £va TTO-
POUETPO LSPAPYLEOVD.

ITO TTIAQICIO TNG AVELPECNG OIKOVOUIKWY TTOPWV KAl O& CLVEXEIA TWV
EQELVN-TIKV 6PACTNPIOTATWYV TTOL AVETTTLEE WS KaBnyntAg oTo Mav/uio Tou
Houston, o A.X. Mayiarakng ouvhwe cuvepyaoia pe Tnv 1OTe AEM-EKY. H
£EDELVA APO-POLOE TNV AVATITLEN SLVAUIKWY EEOUOIDTWYV TOTTOL SIKTLOL
e 81a0aAPNVIOTE N CLVEPYIOTIKA £TTISPACN IEWSWYV
KAl TPIXOEISWY SLVAPEWY OTA PETARATIKA TTRO-

TOTTA PONG SVLO PACEWY KAl APXIKA ECTIACTNKE

oe V0 Pacika TpoPAAuaTa: (1) TNV TEIPAUATI-

KN TTAOQQAUETOIKA PEAETN TNG PN AVAMIEIUNG EKTO-
mong SLO PACEWY O TTPOTLTTA TTOPWSEN PECA

i T
LWLl
14

XaPAYHEVA O€ YOAAIVEC TTAGKEG KAl apIOUNTIKN
e€opoion TNG Slgpyaciag oe SikTua TOTTOL AQIUWV-BAAaU®Y (S16akToPIKO "O.
Budka, 1989), (2) TN HABNUATIKA TTEOTLTTOTIOINCN KAl apIBuNTIKA e€opoicon
NG MOAVNG cLVEVWONGS SVO YayyAiwV TTETPEAQIOL PETAPANTOL PEYEBOLG KATA
TN pN avapifiun ektomorn Toug amod L&ATIKA ¢daon (SidakTopikO . Kov-
oTavTivién, 1989). H xpnuatod6Tnon TNG £0ELVAG ALTAG CLVEXIOTNKE ATTO AVTA-
Y@VIOTIKA TTOOYPAUUATA OTIG BEUATIKES TTEPIOXEC TNG EVEQYEIAG KAI TV LAIKGV
(Hydrocarbons, JOULE, BRITE).
Mia GAAN gpeLVNTIKA 6PACTNEIOTNTA TTOL EEKIVNOE TOV ETTOUEVO XPOVO KAl
EVTAXONKE O€ €LPWTIAIKO EPyo ocuvepyaoiag PeTald EIXHMY® kai AEM-EKY
(Hydrocarbons, 1987-1989) apopoboe TNV avarnTtuén HIag veag pebodou xa-

PAKTNPEICHOL TNG MIKOOTTOPWSEOLCS SOUNG TTETPEAQIOPOPWY TTETPWHATWY HE TO

IAPYMA TEXNOAOTIAY & EPEYNASX 13



ouvvévaouo &ebo-

UEVQV TTOPOUETPI-

ag L&PAPYLEOUL,

OEIPIOKNG  TOMO-

s
¥y Y I
- T R
T HoHH

YPaQIag AETTTV

TopV/avaAuong 2-A €AV Kal BewpnTIKWV €EOUOIMTOV TNG gicdvong/
amopakpuLvong L&PAPYLPOL T¢ SikTLa TTOPWV (S1I6aKTOPIKO X. ToakipoyAouL,
1990). H kaivoTtopia TNG peBodov apopoLae TNV gpuNVvEia TV §€50UEVWY TNG
TTOPOMETPIAG LEPAPYVLEOL PE TNV EKTIUNCN TWV TTAPAPETPWY EVOG SIKTOOL AdlI-
U@V-0aAAP@Y, O€ aVTIKATAOTACN TOL KAQCIKOL TTOOTUTTOL TNG §£0UNG TTAPAA-
ANAGV CWAAVQV.

‘EvOepUOG LTTOCTNEIKTAG TNG ASIOKPATIAG KAI TG APIOTEIAG, £TTe8IEE, padi pe
TOLG LTTOAOITTOLG EPELVNTEG, TNV AEIOAOYNCN TOL IVOTITOVTOL PETA ATTO TA VO
TTEWTA XPOVIA AEITOLPYIAG TOL. AKoAoLBNBNKavV (AetkeuPpIoG 1986) Siadikaai-
€C afloAOYNONG TTAPOUOIEG HE EKEIVEG PNUICHEVV EQELVNTIKWY OPYAVICUWV
TOL e€WTEPIKOL. ITNV £€kBeon afloAoynong, ol aloAoyNnTéG Eypapav XapakTn-
pIoTIKA: “We were impressed by the seriousness, professionalism, enthusiasm
and commitment of all members of the institute, as it was depicted by their
preparation, presentations, long discussions and arguments”. ‘Htav pia -
TOXIQ TOOO TWV EUTTVELOTWV TOL EIXHMY®, GO kal OAOL TOL TTPOCWTIIKOL KAl
Hia empPoARevon yia TO YEYOVOGS OTI N xpnuaTtodotnon armo 1o Kparog (ML.I.E.T.)
a&lotrolobvTay 0pBA, A&loKEATIKA KAl TTAPAYWYIKA. AG onuelwBei OTI, TNV ETTO-
XN €KEIVN, N TTAVEMIOTNUIAKN KOIVOTNTA &ev NTAV €COIKEIUEVN HE €OELVNTIKA
TTPOYPAUUATA XONUATOSOTOLUEVA ATTO €EWTEPIKEG TTNYEG, WE ATTOTEAECUA va
TQ QVTIUETWOTTICEN e UEYAAN KaxuTToWia. ATTOPQEOIA ALTAG TNG OTACNGS NTAV N TTA-
PEUTTOSION TNG AeiTovPYiag ToL EIXHMY® ammd goItnTIKEG TTAPATAEEIG, e NUEPN-
oleG kataAnwelg (OkTwPplog-AekéuPpiog 1987). Or KATAANWEIS ATTOTPATTNKAY,
TEAIKQ, XApn oTn oBevapr oTtaon TV CLVEPYALOUEVRV PHEARV AEM ToL T.X.M.,
HETASISAKTOPIKGY CLVEQYATWV KAI TWV UETATITUXIAKWY TOL [VOTITOLTOL, Ol OTTOI-
ol KaTeAapav To KTiplo TToL oTeyaloTayv 1o T.X.M. kail To EIXHMY® kai kAelbwon-
KAV OTOLG XWPEOLG TWV YPAPEIWY TOLG, OTTOL KAl TTAPEPEIVAY ETTI TRIA 24WPA.
H evépyeia auTr, TTOL ATAV TTPWTOPAVAC OTOV EAANVIKO AKASNUAITKO XWPEO, KAl
OTNV OTIoIa TTPWTOOTATNCOE PE evBoLOIAoPO Kal o A. X. Mayiatakng, €ixe g

TEAIKO QTTOTEAECUA VA OTAPATACOLY TETOIOL €I60LC SPACTNEIOTNTES TTOL SIEKO-
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TITav TNV OJAAn Aeirovpyia Tou T.X.M. kai Tov EIXHMY®. To Noguppio Tou 1987,
15pLONKe TO ITE, OTO OTTOIO EVTAXONKE TO EIXHMY® G aveEdptnTo IVOTITOLTO,
UE VOUIKO TTAQICIO TTOL BPNAKE OTO TTPOCWTTIO TOL A.X. MayiaTakn évav 18iaitepa

EVOEQUO LTTOOTNPIKTH.

To 1987, o A. X. Mayiatakng slopicetal
oT10 EBVIKO TvedposoTikd TuupoLAIo Epev-
vag (1987-21) wG MENOG TNG EmTpoting
NG ITET yia «Xapaén MoAITIKNG g @¢uaTa
TexvOAOYIKNG YTTOSOUNG Kal Blopnxavikng
Epevvag”, wg Mélog Tng Opadag Epya-
oiag yia 6éuata EcwTepIkNG TLVOXNG TNG
Evpotaikng Koivotntag oToug TOUEIG TNG

Texvoloyiag kal TnG ‘Epevvag (1987-90),
otnv CAN Committee yia 1a KoivoTtika Mpoypdupata BRITE & BRITE EURAM
(1987-91) kai emtiong otnv CAN Committee yia 1o KoivoTiko Mpoypapua VALUE
(1989-90). Emiong, TnVv mrepiodo 1988-90 SieTéAeoe MpoeSp0C TNG LLUPOLAELTIKAG
EmTpothg Tev KoivoTtikav MpoypauudTtwy Epevvag kal TexvoAloyiag (EKMEPT)
NG MevikAg MNoappaTeiag ‘Epeuvag & TexvoAoyiag.

To 1988, &ekivnoe pia pakpoxpovn cuvepyaaoia Tou A. X. MNaylatdkn e Tov
Apa BaciAn Mmmovpyavo, 1rou eixe ektrovhoel Tn SI6AKTOPIKA ToL S1IaTPIRr OTO
University of Rochester, NY, HIMA, oTn povTeAotmoinon tng diaxuong oe SikTua
TTOPWYV. H cuvepyaaoia avTn eTTeEKTABNKE YPNyopad ot SIAPOPEC SiEQYATieg Kal
PAIVOUEVA PETAPOPAG OE TTOPWSN PETT.

Tnv emmoxn ekeivn, ocuvexietal otnv Matpa
n dovAeid Tov A. X. Mayiatakn oTig HIMA 1oL
APOPOLOE OTOV KABAPIOUO VELOL KAl LYPWV
AmmoPANTWV peE PIATPA PaBIac siNBnong, OtTov,

OTA TTAQICIO OTTOLSACTIKWY KAl SITTAWUATIKGV

EQYAOIWY, aAvaTITOXONKAV TTIAOTIKEG HOVASES
PIATPWYV PabIag siINBNong. MNa va TTeoRAePBEl 0 PLOUOGC KATAKPATNONG CW-
pHaTISieov oTA QIATPA, TTEETTEl VA HEAETNOE TO PaIVOUEVO ATTO TN MIKQOKAIUOKa
TOL TTOPOL, AAPPRAVOVTAG LTTOWN Ta TTESIA SLVAUEWY TTOL ETTNEEAOLY TNV TPO-
XI& TOL CWUATISIOL KAl TIG ETTIPAVEIAKES SLVAUEIG TTOL €ival LTTELOLVEG YIa TNV

KATOKPATNON TV CWPATISIV TTAVG OTOLG KOKKOLG TOL TTANPWTIKOL LAIKOU,
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HEXQ! TN MOKQOKAIPAKA OTTOL N HOPPOAOYIA TOL TTOPWEOLE PECOL ATTOKTA ON-
HAVTIKO POAO OTn &INBNon (S16akTopikd X. Mapaockevd, 1992). H Spactnelo-
TNTA ALTA XPNHUATOSOTABNKE, APXIKA, ATTO TA AILAICTAPIA ACTIOOTTOPYOL KAl
APOPOLOE TO OXeSIACUO KAl TNV APICTOTIOINCN CLOTNUATWY RPABIAg SiINBNoNG
YId TOV KOBAPIOUO VEPOL KAl LYPWV ATTORANTWY ATTO PIKPA AIWEOLUEVA TW-
paTidia. H avaykn yia moToTePN avammapdoTacn TV PAIVOUEVY OTNY KAIUa-
KA TTOPOL 08NYNTE TNV AVATITLEN LTTOAOYICTIKOL £EOUOICTH TTOL VA AAUPAVEI
LTTOWN TOL TPICSIACTATEG TPOXIEG CWUATISICV TTOL KIVOLVTAI Ot TPICSIACTATA
SIKTLA TTOPWV (KEAIWV) UE OTEVWON. AvATITOXONKE, €TTIONG, £vAG TTPWTOTLTTOG
yla TNV €TTOXN €Keivn eEOUOIWTAG TNG Kivnong Kal amoBeong cwuaTtdiwov oe &i-
KTOO TTOPWV WETARANTAG SIATOUNG YIa TNV TTEQIYPAPH TNG SLVAUIKNG CLUTTEQI-
POPAG TNG ATTOBEONC CWHATISIV OE PIATOA AUPOL & CLVONKES KATWOEONG,
AVWPEONG Kal 0pIlOVTIAG PONG, KABWG ETTIONG KAl OTOXACTIKA JOVTEAD UE TEXVI-
Keg TOTTOL Monte Carlo (B. Mmovpyavog, X. MNapackevda).

Tnv isia mepiodo, avamTdxONKe OTEVH) CLVEQYATIA UE TNV EQELVNTIKN opada
TOL Kabnyntn MNopyoL AACIOL Pe OTOXO TNV E€TTALON TTPORANUATWY PONG O¢
OWPATISIOKOVG OXNUATIOPOVG PE TNV TEXVIKN TOL NUISIAXWPEICHOL PETARANTROV
(816akTOpPIKO M. XatlnvikoAdov, 1993). MapAAANAQ, €mTeLXONKE N AVAALTIKA
ETMALON TOL TTPORANPATOG PONG Stokes avApeca Oe KIVOLPEVA TTOPWEN Tw-
HOTa O€ SICPAIPIKEC CLVTETAYUEVEC KAl LTTOAOYIOTNKAV “OIKOLUEVIKOI” CLVTE-
AeoTEG 510pBWONG (B. MTTovpyavog, SI6aKTOPIKO A. MixaAoTtobAov, 1993) TNG
L&POSLVAUIKAG SLVAUNG, Ol OTTOIOI PTTOPOLY TIAEOV VA LTTEICEOPXOVTAl OTOLG
LTTOAOYICUOVG CWUATISIAKGV TROXIWV YIA TN REATIOON TNG AKPIREIAG OTNV TTPO-
BAEWN TV CLVTEAECTQV ATTOBEONG. APYOTEPQA, N SPACTNEIOTNTA ALTH ETTEKTA-
OnKe OTNV TALTOXPOVN PO KAl JETAPOPA PALAG O€ OXNUATIOPUOVLS CWUATISIV

HE TO CLVELACHO AVAALTIKWY KAl APIBUNTIKWY TEXVIKWV (S16akTopIKO P. KouTe-
ANEpN, 1995).

YTA TTAQICIO £OYOL CLVEQYATI-
aG PE AKAdNUAIKOLS Kal Riounxa-
VIKOOG ELPWTTAIKOVLG OPYAVICHUOULS
(BRITE, 1988-1992) n uebBodoAoyia
XOPAKTNPIOWOL TNG  HIKQOTTOPG-
50LC SOUNG ETTEKTABNKE O€ KATAAL-
TIKOLG POPEIC (O€ cLvEPYATia e B.
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Mrttouvpyavo kal X. ToakipoyAouv), eva Tpay-
HMATOTTOINONKE WIa CLOTNUATIKE TTEIPAPATIKN
WEAETN TNG eTmidpaong adidoTatwy TTaPa-
UETPWYV OTIG OXETIKES SlATTEPATOTNTEG SVLO
PACEWY KAl TA KABEOTWTA PONG KATA TNV

TALTOXPOVN Pon SLO PACEWY OE TTPOTLTTIA
TopwbéNn péoa (816akTOPIKO A. ABpady, 1996). H kaivotouia avThg TNG JEAETNG
gival o TTPOCSIoPICUOG TNG eEAPTNONG TWV OXETIKQV SIATTEQATOTATWY ATTO TA
KABeOTWTA PONG KAI ATTO TIG PLOIKOXNMIKES ISIOTNTES KAI TIG TTARAPETPOLS PONG
TOL LTTO €€ETACN CLOTAPATOG. ©a TTPETTEl VA ONUEIBE OTI N 1660 TNG €€GPTNONG
TGV ATTOTEAECHUATIKQV CLVTEAECTWV PONG VO PATCEWY ATTO TIG TAXVLTNTES PONG
OTN WIKPOKAIJAKA TOL TTOPOL KAl TOL SIKTLOL TTOPWYV NTAV WIA ATTO TIC TTAEOV
TTOWTOTTOPEC KAl "AIPETIKES” 168G TOL A. X. INaylaTtdkn oTNV TTEPIOXN TNG SIPACI-
KNG PONG O€ TTopwSoN pEaa, TTOL, TEAIKA, €TTIRERAICONKE TTEIDAPATIKA. Ta TTEIOA-
HATIKA §eSopéva apopoLY TALTOXPOVN PON SLO PACEWY Tt YLAAIVA SOKIUIa
TTOPWOWV HECWY KATW ATTO KAAD EAEYXOUEVEG CLVONKESG KAl ATTOTEAOLYV KATA
TNV TEAELTAIA SEKATTEVTAETIA TNV OLOIACTIKA PACN YIA TNV ETTAANBELON AVTIOTOI-
X@WV eEOUOIWTWY TTOL AVATITLXONKAV ATTO SIAPOPES OUAdeg. H Suvauikn Twv
YAYYAiV Kal N avamntuén TNG OXETIKNG Bewpiag NTAV OTO ETTIKEVTOO TV §pa-
oTnPIOTATWY ToL A. X. Mayiatakn amo Ta XPO-vIia TToL NTav akoun Kabnyntng
oTNV AUEQI-KN KAl UEXPI TTPOOPATA. @A TIPETTEl VA ONUEI-O¢i OTI O 166G TOL
ATTO-TEAECAV TTIPOKANCN KAIONUEIO avapopdAg Yia TTOAOLG EpevvnTteég TTOL
aocxoAnBnkav apyoTepa TOCO BewPENTIKA OCO KAl TTIEIDAPATIKA UE AVTIOTOIKEG
Slepyaoieg.

To 1991, cvoTdbnke To AikTwo MPAZH pE ApPXIKO OKOTTO TNV TTPOWONCN TNG
OLUMETOXNG TV EAANVIKWV OPYAVIOU®WY OTA ELPWTTAIKA £0ELVNTIKA TTPOYPAU-
paTa Kal TN oLVEECN £PELVAC KAl TTAPAYWYNG. HTAV TTPOIOV OTPATNYIKAG CLU-

uganT

TAMEI) AMANTY=HE NEAL OIKONOMIAL 212~ ———

koL (XEB) kal TOL gpev-

under the auspices of

e § HELLENIC REPUBLIC
o
¥ ECONOM. RNCE

vnTikoL  (ITE) kOouoL
TNG XWPAG. AlELOLVTAC
kar  MNpoedpog  TNG
TexvikNG EmTOOTING TOL
MPA=H avelaPe o A. X.
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Maylatdkng. ATTooToAn 1oL SIKTLOL MPAZH cival va cuvdpduel oTn PeATicOoN
TNG AVTAYWVIOTIKOTNTAG TWV EANVIKQV ETTIXEIONTEWY KAl EPELVNTIKWV OPYAVI-
OUOV PECW CLUPWVIWV JETAPOPAG TEXVOAOYIAG, va SIELKOADVEI TNV TTOAKTIKA
KAl OIKOVOUIKN afloTroinon TV EQELYNTIKWY ATTOTEAECUATWYV, VA EVIOXVOEI TOLG
SeopOLC PropNxaviag Kal epeLVNTIKOL KOCUOUL, VA TTPOWONCEl TNV KAIVOTOUIa
OTIG ETTIXEIPNOEIC KAI VA LTTOCTNPEIEEI TNV SIELPWTTAIKN TEXVOAOYIKN KAl ETTIXEION-
LaTIKN ocvvepyaaoia. H xpnuatodotnon tou MNMPAZH yivetal uECw avTaywVIOTIKGV
TTPOYPAPUAT®Y. Tnv Tepiodo 1991 — 2009 To NMPA=ZH vAoTroinoe N ixe o€ eEENIEN
41 ¢pya ocLVOAIKOL TTPOUTTOAOYIoHOL 12,3 ekaT. €LPW. H TTOALETAG SpAcn ToL
MNMPAZH obryynoe otn cbvayn TeEITToL 150 S1IEBVV ETTIXEIONUATIKWY CLUPW VIRV
KLPIWCS PETAEL EAANVIKGV KAl EEVWV ETTIXEIPNTEWY KAl OPYAVIOU®YV, TNV LTTORO-
AN ave Tv 1000 gpeLVNTIKGV TTOOTACEWY KAl TN SnuUIovpyia kKal Siebvotroinon
15 etaipeiv TexvoPAacT@V atro 1O ITE Kal GAAA eAANVIKA EpevvnTika KévTpa Kkal
MavemoTthuia.

Me xpnuatodotnon TG SHELL (1991-1994), o1 yeAéTeg TNG SIGACIKNG PONG
KAl N METPNON TWV OXETIKGWV SIATTEQATOTATWY ATTO TNV opada tou A. X. lMayia-
TaKNG (. KeovoTavTividbng, A. ARpady) emmektabnkay oe TpIcdIaoTaTa TTPOTLTIA
TTOPWAON PETA, EVR, AVTIOTOIXWGS, AVATITOXONKE EvAG apIBUNTIKOG KWAIKAS TNG
TALTOXPOVNG PONG KAl PETAPRATIKAG €KTOTTIONG SVO pdoewyv. H S§paocTtnpldTn-
TA ALTA YEVIKELTNKE KAl ETTEKTAONKE APYOTEQA WE TNV AVATITLEN UAKOOOKOTTIKOU
UNXQVIOTIKOO PJOVTEAOL SIPATIKAG PONG O€ TToPdn LAIKA TToL RBacileTal oTnV
OANOKANPWON PAIVOPEVWY KAIUAKAG TTOPOoL (S16aKkTOPIKO M. BaAapavién, 1998).
To HoOVTEAO ALTO, YVWOTO w¢ DeProF, Atav amo ta ayamnuéva tou A. X. MNayia-
TAKN KA, EKTOTE, PEATICOONKE ONUAVTIKA e OTOXO TNV MOVTEAOTTOINON SIEQYATIWV
TALTOXPOVNG PONG SVO PACEWY OTN PAKPOOTKOTTIKN KAIUaKa e RACN TTANPO-
POPIEC TTOL APOPOLYV TA KABECTWTA PONG O SIKTLA TTOPWV KAl EPAPPOLOVTAG
APXEC EAQXIOTOTTOINONG TNG KATAVAAWDONG EVEQYEIAG. LTA TTAQIOIA EVOG VEOL
ELPWTTIAIKOL £pyoL cuvepyaciag (3o TM.I1., BRITE-EURAM, 1993-1996), Eekivnoe
N TEIPAUATIKN JETONON TV OXETIKWV SIATTEQATOTATWY TRIOV PACE®Y (LSATI-
KNG/eNDKNG/QEPA) KAl O TTIPOCSIOPICUOG TWV AVTIOTOIXWV KABECTWTWY PONG
o€ ouvAPTNON HE ASIACTATEG TTAPAUETOOLGS, OTTWS TOV TPIXOEISH APIOUO, TO
OLVTEAEOTN €EATTAWONG, TO AOYO 1IEWEWY, K.ATT.

To 1992, o A. X. MNayiatakng emmAéyeral ammo Tnv EFCE (European Federation
of Chemical Engineering) &g 0 EAANVAG ekTToOCWTTOC TNG.
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Méow Svo Siadoxikwv épywy TEMPUS (1992-1995 kal 1995-1998) avarmTo-
XOnke cLVEPYATIA TNG EPELYNTIKNG OUASAG ToL A. X. MayIaTAKN PE TNV EpELVNTI-
KN opdada Tou kaBnyntn I. Ivanov (Mav/uio ogiag, BovAyapia). Eva xapaktnpl-
OTIKO ATTOTEAEOA TNG ETTOIKOSOUNTIKAG ALTAG CLVEPYATIAC NTAV O OXESIATUOG
KAl N KATAOKELN EVOG WIKQOOKOTIIKOVD KEAIOD YIA TN WMEAETN AETITAV LYPWV LLE-
VIV HIKENG SIQUETOOL KAl LWNANG TPIXOEISOLG TTiEoNG. H eutTeipia OoTn PEAETN
AETITGOV LUEVIV KAl YOAOKTWUATOV RonBnoe oTnv avamTtuén cLVEQYATIAG e
NV eTaipeia EAATY yia Tn HeEAETN EDOTABEIAC YOAAKTOUATOV BACIOUEVGY OTO EA-
ANVIKO eAaloAado (Epyo MABE, 1995-1997, oe cuvepyaoia pe . KovoTavTivién).
H cuvepyaoia ye TNV gpeuvNnTIKA opdda ToL KABNYNTA Ivanov CLVEXIOTNKE KAl
apyoTtepa (mpoypapua INCO-Copernicus, 1999-2001).

To 1991, o A. X. Maylatdkng o€ cLvep-
yaoia pe Tov B. Mmmovpyavo Eekivouy pia
véa 6paoTNEIOTNTA OTNV TTPOCOUOIWON

HOVOQAOCIKNG Kal SIPACIKAG PONG WE TNV

TexVIKN lattice-gas kail, apyotepa, TNV TE-
XVIKN lattice-Boltzmann. Tnv emoxn ekeivn, oI TEXVIKEG ALTEG EKAvVAV TA TTPWTA
TOLG PAPATA OTO XWPEO TNG PELOTOUNXAVIKAG O€ TTOPWSEN PECA KAI TO [VOTITOOTO
ATAV AVAPECT OTA TTPWTA 1I6PLUATA OTNV ELETIN TTOL AVETTTLEQY TNV TEXVIKA
o€ eTiTTES0 £EOPOIWTA. LNUEQQA, O TEXVIKEG QLTEC EXOLV TTIA €EOTTAICEI EVA PEYAAO
APIBPO EPELVNTIKWY OUASWY O OAO TOV KOOUO, O¢ onuEio PAAIOTa va aTro-
TEAOLV TO QVTIKEIUEVO QPKETWYV SIEBVV OLVESPIWY, XAPN OTA TTAEOVEKTAUATA
TTOL TIPOCPEPOLY OTNV ETTIALON PIAG TEPACTIAG TTOIKINIAG TTPORANUATWY. Eva
TTAPASEIYUA TNG ATTOSOTIKNG CLVELYATIAG PeE TNV opada ToL KaBnyNntnA |. Ivanov
ato 10 MAVETTIOTAWIO TNG LOPIAG, PUE OIKOVOUIKN eVioXLon aTd TO TTPOYPAUUA
TEMPUS, ATav kai n avamruén evog dipaacikoL e€opoiwtn lattice-Boltzmann kata
TN S1IAPKEIQ TNG TTAPAUOVAG oTnv MNaTtpa tov V. Paunov, TTou €ixe Tn duvatotnTa
va TepIAaUBavel Kal TNV aAAayr ¢Aaong LYPEOL-ATUOL YIA YN 16AVIKG PELOTA

(816akTOPIKO A. AyyeAOTTOLAODL, 1998).

To 1992, 1o T.X.M. petakopilel OTO KAIVOLPYIO KTIPIO TV XNUIKWY Mnxavi-
Kav. To gpyaoTtnpio Tou diebBuivel o A. X. Mayliatakng petovouadletal og “Ep-
yaoTAplio Paivopevey Metagopdgs kal PuoIKoxNUIKAG Yoépobduvauikng” kal ol
AVETOI KAl ETTAPKWCS £EOTTAICUEVOI VEOI XWPEOI TTIOOTPEPOLY TTEQAITERE SLVATO-
TNTEG YIA AvVATITLEN.
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To 1992, eykpiveral éva peyalo ¢pyo BRITE-EURAM tmou mrepIAaupave tn Jo-
VTEAOTTOINON TTOALPATIKWY POWYV O€ TTOPWSN HWECA (O€ cLvEPYQTia Pe Tov B.
MTtTovpyavo). Eival n TrepioS0og Tov epgpavileTal TTOAL SLVAUIKA N SIACTACH TV
EPAPPOYWY TNG PELOTOPNXAVIKAG OTN SIACTTIOPA PN LEATIKWY LYPWYV PATCEDY
(NAPL) oT1o £6apog kal To LTTESAPOC. AyopdlovTal VEOI, TAXOTATOI YIA TNV ETTO-
XN €Keivn, LTTOAOYIOTEG Kal avaPaBuiletal N LTTOSOPN TOL £OYACTNPEIOL YIA TN
CLOTNUATIKA TTAPAKOAOLONCN TRIXOEISWV PAIVOUEVRYV OE YOAAIVA SOKiUIa TTOL

ETaIEav To POAO TRV TTPOTLTTWY TTOPWOWY HETWV.

To 1994, 10 IVvOTITOUTO APXIOE VA CLUMPETEXEI CLOTNUATIKA OTN CEIPA TWV
pueyalwv ouvedpiwv Computational Methods in Water Resources, Ta otoia
TTPAYUATOTTIOIOLVTAI Avd
SleTia evaAAag otnv Eu-
OWTIN KAl TNV AUePIKN. To
1996, o1 B. MTmovpyavog,
. Kapatlag (University of
Vermont) kar A. X. MNayio-

TAKNG avélaPav Tnv op-
yAvmon ToL cLVESPIOL ALTOL OTNV EANGSA, TTOL TTPAYUATOTTOINONKE PE PEYAAN
emTLuxia To 1998 otnv Kpntn.

Tnv mepiodo 1996-2001, o A. X. MNayiatakng SieTéAece PEAOC TOL A.X. TNG
FORTHnet A.E. Emiong, SieTéAece MéNog Tou Editorial Board Tou €moTnUOVIKOL
mepIobikoL Transport in Porous Media (Kluwer Academic Publishers) yia tnyv Tre-
piodo 1999-02, kaBwg emiong kal MéAog Tou “Physical and Engineering Science
and Technology (PST) Panel” Tou NATO (AvTimpoedpocg Tou PST Panel yia 1o
2001 kai Mpodedpog yia 1o 2002).

AedSopEvou OTI, KAta TN pOTTAVON TOL LTTESAPOLG ATTO OPYAVIKOVG KLPIWG
PLTTOLC KAl TNV EPAPPOYN TEXVOAOYIQV ATTOPELTTIAVONG, AAURAVEl XWEA WIa
ELPEIA TTOIKIANIO PAIVOUEVRV HJETAPOPAG TTOAGDYV PACEWY TTOL €ival AVTIOTOI-
XQO EKEIVROV TTOL CLPPAIVOLY CE TAUIELTHPEC LEPOYOVAVOPAKWY, LTTNPEE HIa
OTPOPN OTIC £EPAPUOYEC OTTOL £0TIACTNKE N £PELVA KATA TNV £TTOPEVN SWEE-
KaeTia (1997-2009). 1o ¢pyo “Pore-to-Core” (40 .M. tng E.E., 1997-2000) ue-
AETABNKE TTEIPAPATIKA KAl BedpNTIKA attd TNV opada Tou A. X. Mayiatakn (.
KwvoTavTiviéng, X. ToakipoyAov, A. Appadu, A. Bayevdg) n ouaoikn e€acBevi-
ON OPYAVIK@V PLTIWV OTNV KOPEoUEvN {avn TOL LTTESAPOLS WG ATTOTEAECHA
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TNG CLVEPYEIAG SIEQYATIWY PETAPOPAC (SiaAvToTroinon, SlacTropd, SIPACIKN
oOn, K.ATT.) Kal TNG RIOXNUIKAC aTtodOuNoNnG We ynyevh Pakthnela. MNepaltép,
ue ovyxpnuatodotnon armo TNy E.E. kal Tnv Mepipépeia AuLTIKNG EANGSOG (TTpo-
ypauua ERDF Innovation Actions, 2001-2004), SnuiovpynBnke To EpyaoTtnplo
MepIBAANOVTIKGV MeAETV (ouvepyaoia A. X. Mayiatakn de . KovoTavTivién)
TO OTT0I0 €EOTTAIOTNKE e YeyOAa Opyava (GC-MS, GC-LC, IC, TOC k.At.) yia TO
XNUIKO XOPAKTNEIOUO VEQPWV KAl €5APYV. LLVEXEIQ TNG £PELVAC TNG PLTTAVONG
TOL LTTESAPOLG ATTO OPYAVIKOLG PVTTOLG ATTOTEAETE N LEAETN TWV UNXAVICUWYV
POPNONG TOL ELPLTATA SIASESOUEVOL PLTOPAPPAKOL ATPAlVN OTA CLOTATIKA
TOL £5APOLG KAl TNG SIACTTIOPAG TOL OTO LTTESAPOG (S516akTOPIKO H. Kwpaiov,
2008).

Ye ouvepyaoia pe Tov X. TOakipoyAoL avamTuXONKe pIa vEa peBodoloyia
HETONONG TNG KAQOUATIKAG SIARPOXNS TTOPWSEWY PECWY, AVAADOVTAG UE KO-
paTidia oAV emmmedwy (multi-level wavelet analysis) To cryjua TNG TTONG
THEONG TTOL PETEATAI KATA TNV EKTOTTION TNG €AAIKNC ATTO TNV LEATIKA PACN O¢
HETARATIKG TTEIDAPATA EAEYXOMEVOL KAl TTOAD XAUNAOL pLBPOL PONG WOTE Va
ETTIKPATOLY Ol TPIXoelSeig Suvapelg (816akTopikd B. Yuyyouvn, 2007). Emiong,
EYIVE YIQ TTOWTN POPA CLYKPITIKA AVAALON TWV OXETIKWYV SIATTEQATOTATWY £VOG
YOAAIVOL SOKIHIOL SIKTOLOL TTOPWYV, TTOL TIPOEKLYAYV ATTO TTEIPAUATA POVIUNG
KAl TAOLTOXPOVNG PONG VO PACEWY KAl PUETARATIKA TTEIPAUATA KTOTTIONG 6LO
paocewyV (X. ToakipoyAov, A. Appadu, 2007).

To 1994, Eekivnoe (oe cuvepyaaoia pe Tov B. MTovpyavo) N ATOUICTIKN TTPO-
OOOI®ON avopyavwy aiodnmpwy agpicv (SNO,, BaTiO, k.AT.) kal Siaxvong/
poPNnong aépiyv peypdatwy (CO,, CH,, N, O, K.ATT.) oTny em@aveid Toug (816a-
KTopIkO E. IkoLpa, 2000). EmmTAéov, KAANEQYNONKE TTEQAITERGW CLVEQYATIA HE
TNV etaipeia Haldor Topsoe A/S, TTOL €ixe WG AVTIKEIPEVO, HETAEL AAAWY, KAl TO
XOPAKTNEICUO TTOPWEWY KATAALTWV HE TEXVIKES JOVTEAOTTOINONG KAl XPNUATO-
50TNBNKe aTreLOEIAG ATTO TNV ETAIPEIA. IAUEQPT, Ol TEXVIKEG ALTEC XPNOTIUOTTIOIOL-
vTal OTO IVOTITOUTO YIa TO OXeSIAOUO O€ ATOMIKNA KAIUAKA TPOTTOTTOINWEVQY CE-
OANIBIKQV S0PV TTOL ETTITEETTOLY KAADTEQOLG SIAXWPICUOVG AEQIWV PEIYUATWOV
(kopig CO,/N, aAAG Kal EAaPEGV LEPOYOVAVEPAKWY).

‘Eva amo 1a TPOoRAAUATA TNG TOIUEVTORIOUNXAVIAG €ival TO LYNAO eveQYEl-
aKO KOOTOG TNG KALONG OTOV TTEPICTPOPIKO KAIRAVO TTAPAYWYNG KAIVKED KAl

Ol TIEPIPAANOVTIKEG ETTITITWCEIC ATTO TNV EKALON TV ATTAEPIWY KALONG PETA TN
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SIEAELOT TOLG ATTO SIAPOPES UOVASES SIAXWPICUOL (KUKAGWVES, NAEKTOOOTATIKO
PIATPO, K.ATT.).  XTa TTAQICIO £€pyOL cLvepyaoiag pe TNV etaipeia TITAN (EMET-II,
KAGAPH KAYZIH, 1994-1997), SigpevvnOnke n SuvaTtdTnTa XPNoNS XONOIUOTIOIN-
HEVAV OPULKTEAQIWV WG SELTEPLOYEVOLS KALTIUOL OTOV KALOTAPA TOL KAIBAVOL
LE TNV TTAPAAANAN TTAPAKOAOLONGCN TWV TTIBAVAYV EKTTOUTIAV SIOEIVAV KAl POL-

PAViV OTA ATTAEQIA.

Tnv mepiodo 1995-1999, o A. X. MaylaTAkNG CULUMETEIXE TTOAD evePyd OTO
Epyo e TiTAo “Néa ‘Opyava yia ‘Eykaipn latpikr Aldyveon Kal BIoTEXVOAOYIKEG
Epapuoyég” (EMET-Il Tng T.ILE.T., ETT. YTTe0O. I'. AGCI0G, cuvepyaaia pe A. MoOALD-
Co, I'. KevoTtavTivién kai X. Napackevd) pye onUavTika amoTeAéopaTta. To Epyo
BewpnONnKe attd TA TIAEOV ETTI-
TOXNUEVA TNG E.E. kal piAo&evn)-
Bnke, T0 2003, og PLAAASIO TNG
HE EMAEYMEVA Epya TTOL XPN-
HaToS0TABNKAY OTNV EAANVIKA
emKPATEIA. TO £pYO OTOXELE: Q)
o070 OXeSIAOUO evOg MPmIPoL

AVIXVeLTH EykepaAikcov Oién-
uatwv (M.AN.EFK.O.) kai B) oto
OXeSIAOUO KAl OTNV KATAOKELN EVOG AVAALTH MeyEBOLSC MN LPAIPIKWY LWUA-
TISiv (A.M.M.L.1.), e KOPIEG EPAPUOYEC OTN SIAYVWON ACBEVEIWY TTOL TTPO-
EevoLV TTAPAUOPPWOEIS TWV £PLOPWY AINOCPAIPIWY KAl OE PIOTEXVOAOYIKEG
EPAPPOYEG YIA TOV €OKOAO KAl YPNYOPO TIPOCSIOPICHO TOL pEYEBOLS PBAKTN-
piwVv kal {uPouNKLTWY. H AeTtovpyia Tov A.IM.M.L.X. Raciletal oTn pEBodo TNG
QVTIOTPOPNG OKESAONG HOVOXPWHATIKAG AKTIVOROAICC Kal TNV apxr OTI KA
owuarTisio okedadel KatA Povadiko TPOTTO TNV TTPOCTITITOLOA OE ALTO NAEKTOO-
HayvVvNTIKA akTIVOROAIQ. TLVETTWGS, ATTO TO ATTOTOTTIWHA OKESAONG PTTOPOLY vVa
ANPOOLY TTANPOPOPIES YIA TN POPPOAOYIa (OXNUA, OYKOC, SIACTACEIG) KAl TO
OULVTEAEDTN SIABACONC TWV CWPATISIWV. LLVEXEID TNG EPELVAG ALTNG TTOL OTN-
PIXTNKE O€ LYPN XPWUATOYPAPIA e OTAAEG SIAXWPICHOL UE TTOOTOTTEG YOAAIVEG
O@aipEG, ATTOTEAEI O LEPOSLVAUIKOC SIAXWPICUOG TWV EUPOPPWY OTOIXEIDV
TOL QIPATOG (SIAXWEICUOC TV AELKWV ATTO TA £pLOPC AloTPaipIa) (Epyo ME-
NEA 99). ITnV €MOTNUOVIKN TTEQIOXN TNG KATACKELNGS SIAYVWOTIKWY RIOIATPIKWV

OPYAVWYV EVTACCETAl KAl O POPNTOC PETPNTAG OELYOVOL KAl CLYKEVTPWONG
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oakxapovL (Epyo IST-2001-33299 Tng E.E.) TTOL avamTuxBnke oe cLvepyaoia e
Toug . Adcio kai B. Agpparta.

Me xpnNuaTodOTNON TNG IATTVIKNG ETAIPEIAG NAekTPOVIKWYV €16V SEIKO-
EPSON (1997-2007) kal XoNOIUOTTOIVTAG pId Ve peBodo e€opoiong e KOT-
Tapika avtopata (cellular automata) avamToxdnkayv amod Tnv opada AX. Ma-
YIOTAKN BewPENTIKOI EEOUOIWTEG
TNG €KXLONG MEAQVIOL ATTO
EKTUTTTEC  (ink-jet  printers),
£TO1 WOTE VA ETTIAEYOLV €KEIVEG

Ol TTAPAUETOO! TTOL REATIOTO-

TTOIoLV TNV avTioToixn SlEpya-
oia.  Avamroxénkav, €mong,

£EOUOITEG TNG €EATTAONG KAl
e€EATUIONG OTAYOVISIV O€ LTTOCTPWPATA, KABWGS KAl TNG PONG Kal SIaxLoNG
ATV O€ CLVONKEG KEVOD, YIA TIG AVAYKEG TOL OXESIACTUOUL VEWYV TEXVOAOYIV
TTAPACKELNG LUEVIWV YIA NAEKTPOVIKEG EPAPPOYES (B. MTTOLPYAVOG).
OpIopEvES 5pACTNEIOTNTEG ETLXAV ATTELOEIAG XPNUATOSOTNONG ATTO TN PI-
opnxavia. Me xpnuatodotnon TG vopPRnyikng SAGA PETROLEUM (1997-2000)
AvamnTuxonke Pia gEBoS0G TNG emTOMAg avTibpaong SVo SIaALUATWY Kal KaBi-
{noNng ToL oXNUATIZOPEVOL SLOSIAALTOL AAATOG OTOLG TTOPOLC TTLPITIKNG A-
POV, £TO1 OTE VA ALENOEI N CLVEKTIKOTNTA KAI N AVTOXNA TWV PEEATIV TTAPAYW-
YNG TTETPEAQIOL OE TAPIELTAPEG
vépoyovavepdakwy oTn Bopeia
©@AANaooaq, XWPEIS TN SdpauaTikA
peioon TG S1IatePATOTNTAG TOL
TOPWSOLS LAIKOL. H pEBodog
SOKIHAOTNKE KATW amd Siago-
OEC OLVONKEG KAl TIICTOTTOINONKE
N QTTOTEAECUATIKOTNTA TNG OTA
TTAQICIA €LPWTIAIKOL £OYOL OL-
vepyaoiag ye Tn NORSK-HYDRO,
N SINTEF Petroleum, 1o NTNU (Trondheim, Norway) kai t1n Schlumberger (50

.M., 2001-2004) (oe cuvvepyaoia pe Touvg M. Kovtoouvko, T. Osvold kar X. MNa-
PAOCKELA) Kal, TEAIKA, KATOXLEPWONKE WS vopPnyikn (NO313203/26.08.2002) kal
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81eBVNG evpeaitexvia (PCT/NO99/00341) Twv A. C. Payatakes, P. G. Koutsoukos,
P. Read kai T. Ostvold.

H etmitoxNUEVN 1660 YIA TN CLOCWHATWON YABLPWY TTETPWHUATWV PECW TNG
EMTOTTIOL KATARLOIONG AVOPYAVWY AAATWY cLvexioTnke (2005-2010, o€ cLvEP-
yaoia pe Toug X. MNapaokevd kai M. KoutooLko) yia TNV avanTuén pebodolo-
YIQV KAl YIa AAAEC EPAPPOYEG, OTTWC TN OTABELOTIOINCN AUPWEWY TTEQIOXWV
ToL TMPOoOoPICoVTAl YIA OIKOSOUNGCN, N OTEYAVOTTIOINON LTTOYEIWY OXNUATIOUWY
KAl KATAOKELV ATTO OKLPOSEUA, OTEYAVOTTIOINON TEXVNTWYV SEEAUEVAV CLANO-
YNC ouPpicdv LEATWY, TTPOCTACIA KAANEQYNOIUWY EKTACEWY ATTO SIARPWON
TTOL TTPOKAAEITAlI ATTO TN PPOXN KAl ToV aépa (S1I6akTopika M. AIGAIoV, |. Xapel,
E. ApPBavitn kal M. Wappoo) xonoIUoTToIvVTag SIapopeTiKA Cebyn eLSIAALTWV
AAATWV KAl SIAPOPETIKES TEXVIKES EPAPUOYNG TWV SIOADUATWV.

ITIC ApxEG ToL 1999, éAnye N
(15etng) BnTeia Tov MNwpyou N. Mao-
TTABeSWEOL, TOL TTPWTOL SlELOL-
v ToL EIXHMYO, kal o ANKIBIGSNG
X. TMaylatakNG €KAEXTNKE WG VEOG
S1ELOLVTAG ToL EIXHMY®. Alopi-
oTnkKe TOV lavouvdplo Touv 1999 kail
atro 10 2000 0pIoTNKE WS AVATTAN-

pwTNC MPpodedpog Tou ITE.

‘EvaG OXeTIKA VEOG KAl APKETA LTTOOXOUEVOGS TOMEAG EQELVAG EiVAIl N PEAETN
TWV PAIVOUEVWV PETAPOPAC PAlAC T8 PLOIKA KAl TEXVYNTA KOTTAPIKA BIOAOYI-
KA PJECQA (TT.X. IOTOVG, YEAES TTAYIGELONG KLTTAPWY, PIOVBPEVES K.ATT.) TTOL £XOLV
ONUAVTIKEG EQAPUOYEG O HIO ELEEI TTEPIOXN ETTIOTNUOVIKWY KAl TEXVOAOYIKGV
TOMEWY, OTTWG €ival N 1IATPIKA, N PIOACYIA, N RIOTEXVOAOYIA, N PNXAVIKA 1I0TQY,
N TTEPIBAANNOVTIKA UNXAVI-
KN, K.ATT. KaTa 1O TEAELTAIO
XPOVIa, EXOLV AvaTITLXOEI,
LE TNV KaBodrynon Tou A.
X. Maylatakn, peBodolo-

Yieg Kal eEOPOIWTES YIA TN
BewpnTikn avaivon Siepyaciv o€ PIOAOYIKG UECA o€ SIAPOPES KAIPOKES KAl
EXOLV OLYKPEIOE Pe €MITLXIA PE PEYAAO QPIOUO SNUOCIELPEVWV TTEIOAUATIKGV
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sdedopevav (8ibaktopika I. Tyovvrtlov, 2007, T. KameAlov, 2007 kai T. AAeiov,
2010).

To Ktipio I, n Satmmdvn yia To OT10i0 £YKPI-
Bnke TO 1998, oAokKANPWONKE KaTA TA 2/3
170 2001 KQI OTEYAOE VEOLG EPELVNTEG. XTN
OULVEXEIQ, PE TIG SLVAUIKEG EVEQYEIEG TOL X.
YWTNEXOL € cuvepyaoia pe Tov A. X. MNa-
ylatakn, n Mepipepeia AvTiKAG EANGSOC TTEi-
OTNKE VA eVTAEEI TO LTTOAOITTO KTiPIO OTO MENM
AE.’ETol, TO 2003, oAokAnpwBOnkayv 1o KTiplo
[ KAl 0 TTEPIRAANRY XWPEOG pe BECEIC OTABD-
HELONG ALTOKIVATWY. EmTTAéoV, évag véog
ACPAATOSPOUOG CLVESETE TO IVOTITOVTO UE
TNV MavemoTNuIoLTTOAN. TEAOG, ayopAoTn-

KE MJIa VEQ EKTAON TTEPITTOL 5 OTPEUUATV

YIO HEANOVTIKEG KTIQIAKEG EYKATAOTACEIC.

To 2003, ¢éAn&e n BnTeia Tov A. MayiaTakn Kal TTPOKNELXTNKE N BEon SieLOL-
v ToL EIXHMY®. Yrinp&av dvo vrrownoiol, o A. X. Mayiatakng Kal, yid TpwTn
POoPJ, £VAG EPELYNTNG TTPWTNG PaABUISAG, 0 X. LwTHPXOG. H Emtpotn Kpitov
£60€ TO TTPORASICUA OTOV LTTNEETOLVTA SlELOLVTA A. X. MayIATAKN, O OTTOIOG
ETTAVEKAEXTNKE. Eva xpOvo apyoTtepa, EAnge kai n (20etng) Bnteia Tou E. N. Oiko-
VOUOUL Kal TTPOESPOG TOL
AY ITE ekAéxTnke © L. OpPao-
voLdakNng. H mmpoedpia Tov,
aTLXWG, &&v OAOKANPWON-
KE, YIOTI N €maPATN VOOOG
Tov Katépaie 1O 2005, éva
XPOVO HETA TNV €UPAVION
TNG. MNpoowpiva, N dioiknon

Tou ITE avarédnke amd TO
AY oTtov A. X. Mayiatdkn, o
OT10i0G, OTIG 17/7/2006, EKAEXTNKE, UETA ATTO TTOOKNPLEN, TTPOESPOG TOL AX ITE
KAl QvEAQPE LTTNEECIA, APOL TTPWTA TTAPAITAONKE ATTO TN BEoN ToL SlELOLVTA

[VOTITOOTOU.
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Ta xpovia autd, TTNYAIVOEPXO-
TAV aKoLPAOCTOC HETAEL MaTtpag,
ABrvag kal KpAtng, poxBwvrag
yla TNV TP0o0d0o Kal avamTuén Tou
ITE. 'ESwoe 1610iTepn onuacia otn
xapaén TTOANITIKAG, TNV opyAavwon
NG Kevipikng AliebBovong, tn B6¢-

OTIION AVAALTIKOD ECWTEQIKOL KA-

VOVIOUOU ToL 6pbpaTog, TNV agl-
oAoynon kal avaPabuion ToL TTPOCWTIIKOL, TNV AVATITLEN TOL KTIPIOAOYIKOV
TOL TTPOYPAUUATOG. APNCE THIOW TOL éva PeYAAO épyo. Q¢ Tpoedpog Tou ITE
QVTIMETTTIOE TTOAQG TTOORANUATA, ATTO TN AEITOLEYIKOTNTA TOL KTIQIOL TTOL VOI-
kiale o ENISA -the European Network and Information Security Agency- cT1o
HpdkAeio TNG KpNTNG, wg TNV mOavoTnta iSpuong KATTOIWY VEWY IVOTITOLTWV
oTnv MNaTpa kal evortoinon avTwV e To EIXHMYO kai 1o ITY u1to Tnv alyiba tou
MNavemoTtnuiov MaTtpcyv. OAa Ta avTIPeTE PE YuXPaidia, 6APPEOG Kal oOVE-
on.

MAAIOTa, éxovTag oTevr) cuvepyaaoia ue Tn FevikA Moapuateia Epevvag kal
Texvoloyiag, eixe katapépel va Treioel Tov TET OT1, epOooV LTTAPXE N TTEOBECN
va dnuiovpynBoLY vea IvoTITOLTA oTNV MATPA, ALTA va TEBOLY LTTO TNV Alyi-
5a 1oL ITE/EIXHMY® TT10UL, aevogs, Ba Exel ATTOPACIOTIKO POAO OTNV ETTAOYN
TNG OEUATIKNG TTEPIOXNG YIA VA ATTOPELXOOLY TNUAVTIKEG AAANAETTIKAADWEIS Kall,
aApeTEPOL, Ba Ta PonBnoel oTNV AvATITLEN KAl OTA TTEWTA PAUATA AEITOLEYIAG
TOULG. ZLVERAAE e OLOIACTIKO TPOTTO OTNV KATAPTION TOL TTPOYPAUUATOG EXMA
TNG MevikAG MNoappaTteiag, Kabwas Kal oTnV TTEOCTIABEIA TNG AVAUOPPWONG TOL
BeouikoL TTAQICIOL YIa TNV
Epevva. ATTO KAKrR OCLYKOL-
pid, N TTPOKNPLEN EKAOYWV
Tov Oktwppio 1oL 2009
HaTaioe TNV KATABEoN
TOL OXedioL VOPOL YIa TNV
‘Epevva oTn BoLAN kai n 6An
TTPOOTTABEIa eV TEAEOPO-

pnoe.
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ALOTLXWG, N ETTAPATN VOOOG XTOTTNOE KAl TOV AAKN. Map’ OAn TNV TTAPOIUI-
6N WG akpaia aiolodofia kal TNV ArroPacIoTIKOTNTA TOL VA Sael TN PYAXN KAl
va TNV kePSioel (EAeye XOPAKTNEIOTIKG “Agv EEPEIN APEWOTIA E TTOIOV EUTTAEEE”),
O avTiTaAog oTAaONKe TTIo dLuvaTdg. ETol, EnuepwuaTta TG 29/11/2009, o ANKNG
EQLYE ATTO KOVTA PaAg. MMiow ToL APNOE EPYO TTOAL CNUAVTIKO, TTOL TTEQIAAU-
Bavel TN Snuiovpyia kal avamnTuén Tov T.X.M. Tou M. MNMaTpwyv, ToL EIXHMY® kal
apyoTepa ToL ITE, TNV akaTaTTovNTN TTAPAYWYN LEXO! TEAOLS LWNANG TTOIOTNTAG
EMOTNUOVIKAG SOULAEIAC OTNV  TTEPIOXN TWV  PAIVOUEVWY  PETAPOPAG KAl
€I8IKOTEQA TNG PELOTOPNXAVIKAG, AAAD KAl TN HOPPWON HIAG YEVIAG XNUIKGOV
Mnxavikov TToL Touvg Si6afe va oKEPTOVTAl 0OPOOAOYIKA KAl TTOAKTIKA KAl vVa
ExoLv wg atieg TNV alokparia kal TV ToIoTNTA.

KAeivovTag, TapaBEToue Eva aTTOCTIACHA ATTO TOV £TTIKNSEIO AOYO €K pé-
POLG TOL AX TOUL ITE TTOL ekPVNOE © KaBnyntng B. AovyaAng:

“Htav avOpwTo¢ HE TPAYUATIKE OTTAVIO
nloc kat akepaldtnTa. Xe vPniés Oéoelg evhv-
vng, To 16og¢ Kat N akepaldTNTa Oa émpemne va
elvat autovonta mPooovta, aAld SVOTUXWC,
omw¢s &Epovue, eV elval Ta MPaAyUaTa mavta
£tot. 0 AAknG TIOTEVE aKpASAVTA Kl EQAPUO-
(e QUOTNPA Kal Ue CUVETELX TNV aélokpatia Kat
™V aploteia mavtov, ywpic ovufLBacuovs kat
AQVAPOPES OTNV TEPLPNUN EAANVIKY TPAYUATL-

kotnta. EBAeme ti¢ Stakpioeis kat ta aélopata

QATMOKAELOTIKG WG TINYY VEWV UTTOXPEWTEWY KAl
Bewpovoe ta kabnkovrta MoV TOU avatiOsvTo
w¢ EEYWPLOTO TTPOVOULO TTOU TOV SLVOTAV YIA VA TA PEPEL ELG TTEPAS UE TOV KAAUTEPO TPOTIO.
Eixe miotn kat umiotoovvn atous avlpwmous kat ot fAdotnon tov uéAdovtog. Ilioteve
TeAKd aTov Oplaufo Tov kadov kat Tov 0pBov Ttap’ OAeC TI¢ SUOKOAIES KatL Ta EUTOSIA TTOU
Oétel n eAMnviky Snudota {wt. Tavta éleye 6Tav Kaveic kavel cwaTtd T SOVAELd Tov,

TOTE 01 KOTTOL TOV Sev Oa rve yauévol.”
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A New Model for Granular Porous Media: Part I. Model formulation

A. C. Payatakes, Chi Tien, and R. M. Turian

Department of Chemical Engineering and Materials Science,
Syracuse University, Syracuse, New York 13210, USA

Abstract

A new model for porous media comprised of monosized, or nearly monosized grains,
is developed. In applying this model to a packed bed, the bed is assumed to consist
of a series of statistically identical unit bed elements each of which in turn consists of a
number of unit cells connected in parallel. Each unit cell resembles a piece of constricted
tube with dimensions which are random variables. The problem of flow through each unit
cellis reduced, subject to reasonable assumptions, to the determination of the flow in an
infinitely long periodically constricted tube. The solution of this flow problem is given in a
companion publication. This model, together with the solution of the flow through it, can
be used for the modeling of processes which take place in the void space of a bed.

As a preliminary test, theoretical friction factor values, based on the proposed model,
were compared with experimental ones for two different beds and found to be in good
agreement even in the region of high Reynolds numbers where the nonlinear inertia terms
are significant.

AIChE Journal, 19(1), 58-67 (1973)
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A New Model for Granular Porous Media:
Part Il. Numerical Solution of Steady State Incompressible
Newtonian Flow through Periodically Constricted Tubes

A. C. Payatakes, Chi Tien, and R. M. Turian

Department of Chemical Engineering and Materials Science,
Syracuse University, Syracuse, New York 13210, USA

Abstract

A numerical method for the solution of the problem of steady state, incompressible
Newtonian flow through periodically constricted tubes is developed. All terms of the Navier-
Stokes equation are retained, including the nonlinear inertia terms.

Sample calculations for a uniform periodically constricted tube, the geometry of which
is connected with the modeling of a packed bed of sand are given, including streamlines,
axialandradial velocity profiles, pressure profiles, and the dimensionless pressure drop versus
Reynolds number relation. The effect of some geometric characteristics of periodically
constricted tubes on their friction factor is investigated numerically, and comparison of

some existing experimental data with calculated ones is made.

AIChE Journal, 19(1), 67-76 (1973)

S

Further Work on the Flow through Periodically Constricted
Tubes - A Reply

A. C. Payatakes, Chi Tien, and R. M. Turian

Department of Chemical Engineering and Materials Science,
Syracuse University, Syracuse, New York 13210, USA

AIChE Journal, 19(5), 1036-1039 (1973)
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Correction to “Further Work on the Flow through Periodically
Constricted Tubes - A Reply”,
A. C. Payatakes, Chi Tien, and R. M. Turian, AlChe J., 19(5), 1036-1039
(1973)

A. C. Payatakes

Department of Chemical Engineering and Materials Science,
Syracuse University, Syracuse, New York 13210, USA

AIChE Journal, 20(2), 415-415 (1974)

Trajectory Calculation of Particle Deposition in Deep Bed Filtration:
Part I. Model formulation

A. C. Payatakes, Chi Tien, and R. M. Turian

Department of Chemical Engineering and Materials Science,
Syracuse University, Syracuse, New York 13210, USA

Abstract

The packed bed model developed by Payatakes, Tien, and Turian (1973a, 1973b) is
used as a basis for the study of particle deposition in deep bed filtiration. The size of the
particulate matters present in the suspension is assumed to be sufficiently large for Brownian
motion to be negligible, but small enough for straining to be unimportant. The prediction of
the rate of particle deposition is based on the one-step trajectory approach. The collector
isrepresented by a unit bed element of the porous media model and the particle trajectory
equation is formulated to include the gravitational force, the hydrodynamic force and
torque (including the correction for the presence of the unit cell wall), the London force
(including the retardation effect, which is shown to be of primary importance under
conditions usually met in deep bed filtration systems), and the electrokinetic force. Sample
capture frajectories, including the limiting capture trajectories, are given.

Based on the limiting trajectories and the assumption of uniform particle distribution
at the entrance of each unit cell, the number fractions (of suspended particles) impacted
on each unit cell are determined and then used to calculate the fraction impacted on
the entire unit collector and also the value of the filter coefficient for a clean bed. It is also
shown how the capture trajectory calculation can be used to determine the local rate of

deposition along the wall of a given unit cell.

AIChE Journal, 20(5), 889-900 (1974)
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Trajectory Calculation of Particle Deposition in Deep Bed Filtration:
Part Il. Case Study of the Effect of the Dimensionless Groups
and Comparison with Experimental Data

A. C. Payatakes, Chi Tien, and R. M. Turian

Department of Chemical Engineering and Materials Science,
Syracuse University, Syracuse, New York 13210, USA

Abstract

A case study is made to determine the dependence of the deep bed filfration
rate (expressed in terms of the fraction of suspended particles impacted) on the eight
dimensionless parameters, which are found to be relevant in the filfration process,
based on the trajectory calculation method developed in Part | of this series. In addition,
comparisons between results based on the theoretical model of this work and available
experimental data are made. Comparisons are also made with some of FitzPatrick’s
theoretical results. The results of this study demonstrate clearly the complex and interactive
nature of the relation between the various parameters and the efficiency of filtration.
Accordingly, the conventional format of correlating experimental data, which equates
the filter coefficient with a product of the pertinent dimensionless groups, each raised to
an empirical exponent, will not be adequate in providing a generalized correlation of
experimental filiration data.

AIChE Journal, 20(5), 200-905 (1974)

On the Use of Happel's Model for Filtration Studies

A. C. Payatakes, R. Rajagopalan, and Chi Tien

Department of Chemical Engineering and Materials Science,
Syracuse University, Syracuse, New York 13210, USA

Journal of Colloid and Interface Science, 49(2), 321-325 (1974)
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Application of Porous Media Models to the Study of Deep Bed Filtration

A. C. Payatakes, R. Rajagopalan, and Chi Tien

Department of Chemical Engineering and Materials Science,
Syracuse University, Syracuse, New York 13210, USA

Abstract

Two porous media models - capillaric and Brinkman - were used for the study of deep
bed filtration and to calculate the filter coefficient and the pressure drop increase during
the course of filfration.

The filter coefficient was estimated with trajectory calculations which determine the
path of particulate matters as they pass through the filter. A number of relevant forces
were included and their effects determined. The Brinkman model was found to give good
agreement with experimental results and the filter coefficients based on capillaric model
were approximately one to two orders of magnitude lower than experimental data.

Both models fail to give reasonable estimates on the pressure drop increase and the
discrepancies between the model and the experimental values were two o three orders
of magnitude. This is largely due to the failure of the models to distinguish the different roles
played by the filter grains and by the particulate matters retained. The filter grains constitute
a matrix of passages as conduits for the liquid flow, and the deposited particulate matters
act primarily to modify these flow passages (i.e. to restrict the flow). Such a distinction is

however not possible with the use of these models.

Canadian Journal of Chemical Engineering, 52(6), 722-731 (1974)
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Model of the Dynamic Behavior of a Fibrous Filter.
Application to Case of Pure Interception during Period
of Unhindered Growth

A. C. Payatakes

Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

Abstract

Asetof equations describing the dynamic behavior of filorous aerosolfiltersis developed
in analogy with that used in deep bed filfration of solid—liquid suspensions. This model
involves two correction functions, fA and fP, which account for the effect of deposited
matter on the local rate of deposition and on the local pressure gradient, respectively.
Analytical expressions for these correction factors are derived, based on first principles,
for the simple case of deposition by interception alone during the period of unhindered
particle dendrite growth. Sample calculations are presented including specific deposit
profiles, normalized concentration profiles, pressure drop profiles, as well as the change of

filtration efficiency and total pressure drop with time.

Powder Technology, 14(2), 267-278 (1976)

36 IIANEIIIEZSTHMIO ITATPQN



Model of Transient Aerosol Particle Deposition
in Fibrous Media with Dendritic Pattern

A. C. Payatakes

Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

Abstract

When a suspension of fine solid particles in a gaseous medium flows through a fibrous
filter, particles deposit on the fibers forming chainlike agglomerates known as dendrites.
This deposition pattern is responsible for the intrinsically transient behavior of the filter,
leading to drastic increases of the filtration efficiency and of the pressure drop. Related
phenomena are observed when aerosols flow through other types of porous media (for
example, granular beds), or next to duct walls, around immersed objects, etc. A theoretical
model of the particle dendrite growth was proposed recently by Payatakes and Tien. Here
arevised and generalized version of that model is developed. The following major revisions
are made: allowance is made for collisions with a particle in a given dendrite layer that
lead to retension in the same layer, radial as well as angular contributions to deposition are
considered, and the dendrite layer adjacent to the collector is allowed to contain more
than one particle. These changes lead to a substantially more realistic theoretical model.
Expressions for the transient behavior of a filter of differential thickness are obtained, based
entirely on first principles. These, as it has been shown in a previous publication, can be
used to predict the dynamic behavior of a macroscopic fibrous filter. The use and behavior
of this model is demonstrated in the simple case of deposition by pure interception. The
present treatment of deposition by pure interception is more rigorous than and supersedes

that adopted in previous works.

AIChE Journal, 23(2), 192-202 (1977)
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Model of the Constricted Unit Cell Type for Isotropic
Granular Porous Media

A. C. Payatakes, and M. A. Neira

Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

Abstract

The constricted unit cell model for isotropic granular porous media developed
by Payatakes, Tien, and Turian (1973) is extended here to take in account the random
orientation of the flow channels. In the proposed model, each unit cell corresponds to a
pore (cavern) and has two coaxial constricted inlet and outlet ports (throats). The unit cells
have random dimensions and orientations, the distributions of which can be determined
from simple experimental measurements. The flow through a unit cell is assumed to be
idenfical to that through a segment of the corresponding periodically constricted tube.
The model is applied to the case of creeping Newtonian flow. The solution to the flow
problem is obtained by a collocation method. Permeabilities of typical packings are
calculated without use of any adjustable parameters (such as tortuosities, etc.) and are

found in excellent agreement with experimental values.

AIChE Journal, 23(6), 922-930 (1977)
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Collocation Solution of Creeping Newtonian Flow through Periodically
Constricted Tubes with Piecewise Continuous Wall Profile

M. A. Neira, and A. C. Payatakes

Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

Abstract

A collocation solution of creeping Newtonian flow through periodically constricted
tubes is obtained. The profile of the wall of the type of tube considered is piecewise
continuous, composed of symmetric parabolic segments. A tfransformation of the domain
of interest into a rectangular one is obtained, which allows satisfaction of all boundary
conditions. The collocation solution gives the stream function in terms of the new
independent variables and can easily be converted to the original cylindrical coordinates.
Axial and radial velocity components are obtained in analytical form, and the pressure
drop is calculated from a volume integration of the viscous dissipation function as well
as from line integration of the Navier-Stokes equation. The results are compared with the
finite-difference solution by Payatakes et al. (1973b) and are found in good agreement.
Differences between the two solutions are attributed mainly to discretization error in the
finite-difference solution. The analytical expressions obtained from the collocation solution
can be used together with porous media models of the constricted unit cell type for the

modeling of processes taking place in granular porous media.

AIChE Journal, 24(1), 43-54 (1978)
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Mobilization and Fate of Oil Ganglia during Immiscible Displacement

K. M. Ng, and A. C. Payatakes

Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

Abstract

A criterion for the prediction of the mobilization and concomitant deformation of oil
ganglia during immiscible displacement is developed. This criterion is used in conjunction
with the porous media model developed in a previous publication to simulate the fate
of solitary ganglia. By averaging the results obtained from a large number of stochastic
realizations, expressions are developed for the probabilities of mobilization, stranding and
breakup as functions of oil ganglion volume and capillary number. Expressions for the
calculation of the stranding coefficient, breakup coefficient and axial and radial ganglia-
dispersion coefficients are also obtained. These results are necessary for the prediction of
the dynamics of large-oil ganglia populations and the determination of the condition for
successful oil-bank formation.

Journal of Rheology, 23(3), 407-408 (1979)

40 IIANEIIIZSTHMIO ITATPQN



Collocation Solution of Creeping Newtonian Flow through
Sinusoidal Tubes

M. A. Neira, and A. C. Payatakes

Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

No Abstract
AIChE Journal, 25(4), 725-730 (1979)

Advances in Deep Bed Filtration

ChiTien! and A. C. Payatakes?

Department of Chemical Engineering and Materials Science
Syracuse University Syracuse, New York 13210, USA
’Department of Chemical Engineering University of Houston, Houston, Texas 77004, USA

Abstract
The main problems which are relevant to a fundamental understanding of deep
bed filtfration are the nature of and the conditions leading to the retentfion of particles
throughout a filter bed, the change of the filter media structure due to deposition, and
its effect on filter performance. The purpose of this review is to discuss in a systematic
manner the more recent advances in the investigation of all these problems. A reasonably
complete understanding of the pertinent phenomena is essential for the establishment
of a comprehensive deep bed filiration theory which can be used as a basis of rational
design.
AIChE Journal, 25(5), 737-759 (1979)
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Experimental Investigation of Dendritic Deposition of Aerosol Particles
S. Bhutra, and A. C. Payatakes

Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

Abstract

Deposition of monodisperse aerosol particles on a single metal fiber was studied
experimentally under conditions of dominant inertialimpaction andinterception. Formation
of dendrites was observed, in accordance with previous experimental work. During each
run, the deposition process was interrupted at regular intervals and the deposits on the
same area on the fiber surface were examined; each time, the angular positions of the
individual dendrites and their sizes and configurations were recorded and photographed.
Thus, the growth of several individual dendrites was followed as a function of angular
coordinate and time. These data can be used to evaluate theoretical models of aerosol
particle deposition with dendritic pattern. In the present work the model developed by
Payatakes and Graddn (1979) is compared with the data. The theoretical rates of dendrite
growth are found in good agreement with experiment. Systematic discrepancies between
the theoretically predicted dendrite number distribution and the experimentally observed
one suggest that the “shadow effect” and skidding of particles (due to lubrication) prior to
deposition on the fiber are significant.

Journal of Aerosol Science, 10(5), 445-464 (1979)
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Dendritic Deposition of Aerosol Particles in Fibrous Media
by Inertial Impaction and Interception

A. C. Payatakes, and L. Gradon

Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

Abstract

When an aerosol of fine solid particles flows through a fibrous filter, particles deposit on
fibers and form chainlike agglomerates known as dendrites (see for instance, Fig. 1). These
dendritic structures grow relatively unhindered for an initial period of time, but eventually
they begin to interfere with each other’s growth and fo intfermesh (Fig. 2). This pattern
of deposition has profound effects on the filfration efficiency and pressure drop, both
of which increase rapidly with time. Therefore, rational design, optimization, operation,
froubleshooting and innovation require intimate understanding and accurate analysis
of the dendritic deposition process. A theoretical model of dendritic deposition for the
period during which dendrites do not intermesh was developed by Payatakes [1], subject
to the assumption that interception is the dominant capture mechanism. In the present
work the model is extended to include deposition by inertial impaction and interception,
mechanisms which are dominant for particles larger than about 1 um. The “shadow effect”
is also incorporated in the analysis.

Chemical Engineering Science, 35(5), 1083-1096 (1980)
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Dendritic Deposition of Aerosols by Convective Brownian Diffusion
for Small, Intermediate and High Particle Knudsen Numbers

A. C. Payatakes, and L. Gradon

Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

Abstract

When an aerocolloidal suspension flows through a fibrous filter, particles deposit on
the fibers and form dendrites. Similar phenomena are observed with collectors other than
fibers, provided that the characteristic dimension of the collector does not exceed that of
the particles by more than one to two orders of magnitude. This deposition pattern leads
to marked increases in capture efficiency and pressure drop, as particles accumulate
within the filter. In previous publications, theoretfical models of this process were developed
for the cases of deposition by interception alone and of deposition by combined inertial
impaction and interception. Consequently, those works apply to aerosol particles with
diameters of 1 m or larger. Here we extend the model to the case of submicron particles,
where the main transport mechanism is Brownian diffusion. To keep things specific,
we consider fine fibers as collectors, but the model can be easily converted to other
geometries. We present solutions for the cases of nonslip flow around the fiber and nonslip,
slip and free molecular flow around particles. Unlike deposition by inertialimpaction and/or

interception, convective Brownian diffusion forms dendrites over the entire fiber surface.

AIChE Journal, 26(3), 443-454 (1980)
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Oil Ganglion Dynamics during Immiscible Displacement:
Model Formulation

A. C. Payatakes, K. M. Ng, and R. W. Flumerfelt

Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

Abstract

A modelis formulatedin order to study the transient behavior of oil ganglion populations
during immiscible displacement in oil recovery processes. The model is composed of three
components: a suitable model for granular porous media; a stochastic simulation method
capable of predicting the expected fate (mobilization, breakup, stranding) of solitary oil
ganglia moving through granular porous media; and two coupled ganglion population
balance equations, one applying to moving ganglia and the other to stranded ones. The
porous medium model consists of a regular network of randomly sized unit cells of the
constricted tube type. Based on this model and a mobilization-breakup criterion, computer
aided simulations provide probabilistic information concerning the fate of solitary oil
ganglia. Such information is required in the ganglion population balance equations, the
solution of which delineates the conditions under which oil bank formation succeeds or fails.
Successful oil bank formation depends on the outcome of the competition between the
process of oil ganglion deterioration through breakup and stranding on one hand and the
process of oil ganglion collision and coalescence on the other. The parameters entering
the system of population balances are initial ganglion number concentration, average
ganglion velocity, ganglion dispersion coefficients, ganglion stranding coefficient, ganglion
breakup coefficient and probability of coalescence given a collision. These parameters
are, in turn, functions of the porous medium geometry, capillary number, ganglion size

distribution, flood velocity, oil saturation and flood composition.

AIChE Journal, 26(3), 430-443 (1980)
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Stochastic Simulation of the Motion, Breakup and Stranding
of Oil Ganglia in Water-Wet Granular Porous Media
during Immiscible Displacement

K. M. Ng, and A. C. Payatakes

Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

Abstract

The problem of immiscible displacement of oil ganglia arises in connection with oil
bank formation and attrition during enhanced oil recovery with flooding. A stochastic
simulation method is developed here, which enables prediction of the fate of solitary
ganglia during immiscible displacement in water-wet unconsolidated granular porous
media. This method takes into account the local topology of the porous medium; the initial
size, shape and orientation of the oil ganglion and the capillary number. For each ganglion
size, hundreds of realizations are performed with random ganglion shapes for a 100 x 200
sandpack. These results are averaged to obtain probabilities of mobilization, breakup and
stranding as functions of capillary number and ganglion size. Axial and lateral dispersion
coefficients are obtained as functions of the average ganglion velocity. The results from
the solitary ganglion analysis can be used with the ganglion population balance equations
developed in a companion publication (Payatakes, Ng and Flumerfelt, 1980) to study the
dynamics of oil bank formation.

AIChE Journal, 26(3), 419-429 (1980)
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Correction to “Oil Ganglion Dynamics during Immiscible Diplacement:
Model Formulation”,
A. C. Payatakes, K. M. Ng, and R. W. Flumerfelt, AIChE J., 26(3), 430-443
(1980)

A. C. Payatakes

Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

AIChE Journal, 26(4), 704-704 (1980)

Discussion of “Comments on the Paper
‘Experimental Investigation of Dendritic Deposition of Aerosol
Particles’

A. C. Payatakes

Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

Journal of Aerosol Science, 11(5-6), 571-575 (1980)

Evaluation of the Effect of Nonsphericity
of Fine Aggregate Particles in Brownian Coagulation

K. Okuyama?, Y. Kousaka?, and A. C. Payatakes?

! Department of Chemical Engineering, University of Osaka Prefecture, Sakai 591, Japan
2 Department of Chemical Engineering, University of Houston, Houston, Texas 77004, USA

Abstract

The effect of nonsphericity of solid particle aggregates on the rate of Brownian
agglomeration is investigated theoretically and experimentally. The basic population
balance equation for coagulation of liquid particles is modified for the case of fine solid
particles by infroducing the dynamic shape factor of aggregate particles to account for
nonsphericity effects. By solving this equation, temporal changes in aggregate number
concentration and Stokes radius distribution are obtained as a function of the value of the
dynamic shape factor. These theoretical results are compared with experimental data
obtained with an ultramicroscopic technique of particle size analysis and are found in
good agreement.

Journal of Colloid and Interface Science, 81(1), 21-31 (1981)
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A Visual Study of Particle Deposition and Reentrainment
during Depth Filtration of Hydrosols with a Polyelectrolyte

A. C. Payatakes, H. Y. Park, and J. Petrie

Chemical Engineering Department, University of Houston, Houston, TX 77004, U.S.A.

Abstract

A new experimental apparatus was developed to observe and photographically
record the process of particle deposition and pore-clogging during deep bed filiration
of sols in a model porous medium. Runs were made for twelve different sets of conditions,
using three different pH values and four different concentrations of a commercial cationic
polyelectrolyte. All other conditions were kept constant. In most cases of practical interest,
it was observed that the main mechanism through which deposited particles alter the
geometry of the flow channels is throat-clogging. In the case of weakly unstable hydrosols,
clogging occurs either by gradual constriction of a throat or by sudden blocking caused
by areentrained cluster. In the case of agglomerated hydrosols, throat-clogging is caused
by growing pillar-like deposits and by sudden blocking. Throat-clogging causes profound
changes in the local flow pattern, which in turn result in an increase of the local capture
efficiency and a decrease of the local flow rate. Throat-clogging leads systematically to
the formation of deposits resembling “pendants”, “pouches” and cascades of pendants
and pouches. In the case of hydrosols with reversed charge (due to polymer overdosing)
a checkerboard pattern of deposition develops. These observations explain the inifial
increase of deep bed filfration efficiency and the following monotonic decrease. They also
explain the drastic decrease of permeability caused by only small amounts of deposited
maftter.

Chemical Engineering Science, 36(8), 1319-1335 (1981)
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Comparison between Theory and Experiment
in Dendritic Aerosol Deposition. A Revision

K. Okuyama, and A. C. Payatakes

Department of Chemical Engineering University of Houston, Houston, Texas 77004, U.S.A.

Journal of Aerosol Science, 12(3), 269-274 (1981)

Estimation of the Drag Forces Acting on Particle Dendrites

V. Medjimoreé, K. Okuyama, and A. C. Payatakes

Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

Abstract

Aerosol particles depositing in fibrous media form chainlike agglomerates (dendrites)
on the fibers, and this process leads to substantial increases in filtration efficiency
and pressure drop. The object of the present work is to develop an expression for the
determination of the drag forces exerted on individual dendrites. This problem is central
to the determination of pressure drop increase caused by particle deposition. A method
for the approximate estimation of the drag force is developed, based on the concept of
the ideal dendrite, which is defined as one composed of a chain of coaxial particles. The
drag on an ideal dendrite is set equal to the drag that would be exerted on a half prolate
spheroid of appropriate dimensions, placed in the position of the dendrite. Both tangential
and normal drag components are obtained. The tangential component is derived by
considering linear shear flow, whereas the normal component is derived by considering
stagnation flow. The results are expressed in terms of correction factors for the Stokesian
confributions of the particles that compose a dendrite. These correction factors can be
used to estimate drag forces on dendrites deposited on plane or on curved surfaces. The

theory is in good agreement with existing data.

Journal of Colloid and Interface Science, 82(2), 543-559 (1981)
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Physical Meaning and Evaluation
of Dynamic Shape Factor of Aggregate Particles

Y. Kousaka?, K. Okuyama?, and A. C. Payatakes?

! Department of Chemical Engineering, University of Osaka Prefecture, Sakai 591, Japan
2 Department of Chemical Engineering, University of Houston, Houston, Texas 77004, USA

Abstract

The physical meaning of the dynamic shape factor of aggregate particles is discussed
theoretically. It is found that the dynamic shape factor is composed of the volume shape
factor and the porosity, both of which are familiar in powder technology. The analysis is
first verified by the existing experimental results obtained for model aggregate particles
composed of uniform primary spheres. Then the discussion is extended to actual existing
aggregates and it is found that the dynamic shape factor can be evaluated by measuring
the porosity of the powder bed composed of the same aggregates and by estimating the

value of volume shape factor which often lies between 0.6 and 11/6.

Journal of Colloid and Interface Science, 84(1), 91-99 (1981)

Dynamics of Oil Ganglia during Immiscible Displacement
in Water-Wet Porous Media

A. C. Payatakes

Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

Annual Review of Fluid Mechanics, 14, 365-393 (1982)
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Effects of Aerosol Particle Deposition
on the Dynamic Behavior of Uniform or Multilayer Fibrous Filters

A. C. Payatakes and K. Okuyama

Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

Abstract

A mathematical method for the prediction of the dynamic behavior of aerosol
filfration in fibrous mats is presented. This method is an extension of a previous work and
it applies not only to initially clean filters, but also to filters that have been incompletely
cleaned after loading. The effects of deposited matter on filter efficiency and pressure
drop are expressed in terms of two correction functions, fy and fp, respectively. In general,
the forms of these functions can be determined by fitting experimental data. However,
recent theoretical advances allow us to predict the forms of fy and fp for the initial period
of dendritic deposition. The forms of these functions are given here in graph form for a wide
range of values of the system parameters, for the case of deposition by inertial impaction
and interception, and for the case of convective Brownian diffusion. The utility of the

method is demonstrated with an example.

Journal of Colloid and Interface Science, 88(1), 55-78 (1982)
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Mechanism of Dendrite Formation from a Stream
of Submicron Aerosol in the Presence of External Electric Field

L. Gradon® and A. C. Payatakes ®

a Institute of Chemical Engineering, Warsaw Techn. University, Warsaw, Poland
b Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

Abstract
In the present work we extend the model of dendrite formation to the case of
submicron unipolar charged particles, where the main transport mechanism in convective
Brownian diffusion and electrical effects due to the presence of charges on the particles
and electric field around cylindrical collector.
We present solutions for the case of slip flow around the fiber and free molecular flow

around particles.

Chemical Engineering Communications, 16(1-6), 339-348 (1982)
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Dendritic Deposition of Uncharged Aerosol Particles
on an Uncharged Fiber in the Presence of an Electrical Field

F. Auzerais, A. C. Payatakes, and K. Okuyama

Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

Abstract

A Monte Carlo simulation method based on particle trajectory calculations is used
to study the effect of a uniform electrical field on the dendritic deposition of uncharged
dielectric aerosol particles on uncharged dielectric fibres. The system parameters are
chosen so that the main mechanisms of deposition are interception and electrical
aftraction. The main electrical force on an oncoming particle is that exerted by the
polarized fiber and dendrites. It is found that simple superposition of the electrical fields
of the polarized fibre and of the individual deposited particles gives an approximation
to the actual field that is adequate for practical purposes. Based on such superposition,
particle tfrajectories are calculated and the dendritic deposition phenomenon is studied.
The effects of the electrical field are found to be very important and to increase with
increasing field strength. In general, the electrical field increases the number of dendrites
per unit length of fibre, and produces dendrites which are long, slender and tend to follow
the force lines of the electrical field. The enhancement of the overall rate of deposition is

also drastic and increases with increasing electrical field strength.

Chemical Engineering Science, 38(3), 447-467 (1983)

Collocation Solution of Creeping Newtonian Flow
through Sinusoidal Tubes: A Correction

J. N. Tilton, and A. C. Payatakes

Chemical Engineering Department, University of Houston, Houston, Texas 77004, USA

AIChE Journal, 30(6), 1016-1021 (1984)
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Critical Evaluation of the Flow Rate-Pressure Drop Relation
Assumed in Permeability Models

K. M. Ng, and A. C. Payatakes

Chemical Engineering Department, University of Houston, Houston, TX 77004, USA

AIChE Journal, 31(9), 1569-1571 (1985)

Network Models for Two-Phase Flow in Porous Media.
Part 1. Immiscible Microdisplacement of Non-Wetting Fluids

M. M. Dias !, and A. C. Payatakes ?

t Schlumberger-Doll Research, Old Quarry Road, Ridgefield, CT 06877, USA
2 Department of Chemical Engineering, University of Patras,
and Research Institute of Chemical Engineering and High Temperature Chemical Processes,
Patras, GR 261 10, Greece

Abstract

A theoretical simulator of immiscible displacement of a non-wetting fluid by a wetting
oneinarandom porous mediumis developed. The porous medium is modelled as a network
of randomly sized unit cells of the constricted-tube type. Under creeping-flow conditions
the problem is reduced to a system of linear equations, the solution of which gives the
instantaneous pressures at the nodes and the corresponding flowrates through the unit
cells. The pattern and rate of the displacement are obtained by assuming quasi-static
flow and taking small time increments. The porous medium adopted for the simulations is a
sandpack with porosity 0.395 and grain sizes in the range from 74 to 148 urn. The effects of
the capillary number, Ca, and the viscosity ratfio, K = yo/uw, are studied. The results confirm
the importance of the capillary number for displacement, but they also show that for
moderate and high Ca values the role of kis pivotal. When the viscosity ratio is favourable (k
< 1), the microdisplacement efficiency begins to increase rapidly with increasing capillary
number for Ca > 10-5, and becomes excellent as Ca [rightward arrow] 10-3. On the other
hand, when the viscosity ratio is unfavourable (k > 1), the microdisplacement efficiency
begins to improve only for Ca values larger than, say, 5 x 10—4, and is substantially inferior
to that achieved with k < 1 and the same Ca value. In addition to the residual saturation
of the non-wetting fluid, the simulator predicts the time required for the displacement,
the pattern of the transition zone, the size distribution of the entrapped ganglia, and the

acceptance fraction as functions of Ca, k, and the porous-medium geometry.

Journal of Fluid Mechanics, 164, 305-336 (1986)

54 IIANEIIIZSTHMIO ITATPQN



Network Models for Two-Phase Flow in Porous Media.
Part 2. Motion of Oil Ganglia

M. M. Dias?, and A. C. Payatakes 2

t Schlumberger-Doll Research, Old Quarry Road, Ridgefield, CT06877, USA
2 Department of Chemical Engineering, University of Patras,
and Research Institute of Chemical Engineering and High Temperature Chemical Processes,
Patras, GR 261 10, Greece

Abstract

The behaviour of non-wetting ganglia undergoing immiscible displacement in a
porous medium is studied with the help of a theoretical simulator. The porous medium is
represented by a network of randomly sized unit cells of the constricted-tube type. The fluid
of a non-wetting ganglion is in contact with the wetting fluid at menisci which are assumed
to be spherical cups. The flow in every constricted unit cell occupied by a single fluid is
modelled as flow in a sinusoidal tube. The flow in every unit cell that contains a meniscus
and portions of both fluids is freated with a combination of a Washburn-type analysis
and a lubrication-theory approximation. The flow problem is thus reduced fto a system of
linear equations the solution of which gives the instantaneous pressures on the nodes, the
flowrates through the unit cells, and the velocities of the menisci. The motion of a ganglion
is determined by assuming quasi-static flow, taking a small time increment, updating the
positions of the menisci, and iterating. The behaviour of solitary ganglia is studied under
conditions of quasi-static displacement (Ca slightly larger than critical), as well as dynamic
displacement (Ca substantially larger than critical). Shape evolution, rate of flow, mode
of break-up, and stranding are examined. The stranding and break-up coefficients are
determined as functions of the capillary number and the ganglion size for a 100 x 200
sandpack. The dependence of the average ganglion velocity on ganglion size, capillary
number, viscosity ratio and dynamic contact angle is examined for the simple case of
motion between straight rows of spheres. It is found, among other things, that when po <

uw the velocity of ganglia can be substantially larger than that of the displacing fluid.

Journal of Fluid Mechanics, 164, 337-358 (1986)
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On the Motion of Oil Ganglia in Porous Media
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Abstract

Fundamental to the study of oil ganglion population dynamics is the study of solitary oil
ganglion motion. One of the most important parameters, which has not been adequately
studied, is the oil ganglion velocity. Measurements of ganglion velocity were taken as a
function of the capillary number and of the ganglion size for favorable and unfavorable
viscosity ratios. Thiswas done in a square bead pack, free from the complication of ganglion
breakup. A visual study of ganglion motion was also conducted and the effect of pressure
gradient direction on ganglion motion was investigated. Two distinct modes of motion
of ganglia were observed—quasistatic and dynamic displacements. Some observations
concerning the deformation, breakup and stranding of ganglia are also reported. Finally,
the experimental results are compared with theoretical predictions made with a microflow

simulator. Good qualitative and quantitative agreement was obtained.

Physicochemical Hydrodynamics, 8(2), 185-211 (1987)
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Creeping Flow Around and Through a Permeable Sphere
Moving with Constant Velocity towards a Solid Wall

A. C. Payatakes?, and G. Dassios®

a Department of Chemical Engineering, University of Patras,
and Institute of Chemical Engineering and High Temperature Chemical Processes,
Patras, GR 261 10, Greece
b Department of Mathematics, University of Patras, Patras, Greece

Abstract

The problem of creeping flow of a newtonian fluid around and through a permeable
sphere that is moving towards an impermeable wall with constant velocity is solved in
terms of the streamfunction and the pressure. The permeability of the sphere is assumed
to be continuous, uniform and isotropic, The flow in the sphere is modelled with Darcy’s
low, and a Beavers-Joseph-Saffman slip-flow boundary condition is assumed at the
boundary. Sample streamlines and isobars are calculated. The hydrodynamic correction
factor to Stoke’s law, f is calculated as a function of the dimensionless permeability, k, the
dimensionless slip factor, B, and the dimensionless gap length, 6. As expected, for typical
k and B values the values of f are substantially smaller than those for an impermeable
sphere. An important result is that as § decreases the value of f increases much more
slowly than it does for an impermeable sphere; furthermore, f is finite as 6—0. For moderate

and large k values the f vs & curve has a maximum.

Chemical Engineering Communications, 58(1-6), 119-138 (1987)
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Parametric Experimental-Study of Forced Imbibition in Porous-Media

O. Vizika, and A. C. Payatakes
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and Institute of Chemical Engineering and High Temperature Chemical Processes,
Patras, GR 261 10, Greece

Abstract

This article reports the results of forced imbibition experiments, that were performed
in chamber-and-throat planar networks, which were initially completely filed with an
oleic phase. Each pore network was prepared by etching the network itself and its mirror
image on two glass plates, which were then sintered. In the experiments we change
systematically the flooding velocity, the viscosity ratio, the contact angle and the porous
medium geometry. We find that for small values of Ca a large portion of the non-weftting
phase remains entrapped in the porous medium in the form of small, as well as large,
ganglia. The main mechanisms of ganglion formation are “pinch-off” by the wetting film
and “bypass cut-off” by the microfingers of the invading fluid. Pinch-off is favoured by
small contact angles at low Ca values, whereas it diminishes drastically for large contact
angles (say 6e > ~400) and high Ca values. For Ca < 10-6, the effect of Ca on the residual
saturation is negligible; in this region the wettability and the viscosity ratio are the main
physical parameters. Forlarge Ca values and favourable viscosity ratio (k = 0.5) the residual
oil saturation drops drastically and the non-wetting phase is in the form of small ganglia. For
unfavourable viscosity ratio (k = ~1.5), improvement in the microdisplacement efficiency is

observed only at rather high Ca values.

Physicochemical Hydrodynamics, 11(2), 187-204 (1989)
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A Three Dimensional Network Model
for Consolidated Porous Media. Basic Studies

G. N. Constantinides, and A. C. Payatakes

Department of Chemical Engineering, University of Patras
and Institute of Chemical Engineering and High Temperature Chemical Processes,
GR 261 10, Patras, Greece

Abstract

A three-dimensional porous medium model that pertains to consolidated permeable
porous rocks and similar structures is proposed. The porous medium is considered as a
network of chambers connected through long narrow throats and it is approximated as a
network of unit cells of the constricted tube type. The skeleton of the network can be either
regular or randomized, and the throat-to-chamber coordination number can be varied
by randomly removing a number of throats. The sizes of contiguous chambers and throats
can be cither independent random variables, or they can be correlated. This correlation
can be positive (large chambers preferring large throats), or negative (large chambers
preferring small throats). The permeability of the network is found to be minimal when the
chambers and throats are completely uncorrected. The degree of correlation also affects
the throat-to-chamber size ratio, a parameter which is very important in two-phase flows
through porous media. A substantial correlation between the local intensity of the flow

field on one hand and the local porosity and throat diameter on the other is found.

Chemical Engineering Communications, 81(1), 55-81, (1989)
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A New Simulator of Mercury Porosimetry
for the Characterization of Porous Materials

C. D. Tsakiroglou, and A. C. Payatakes
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GR 261 10, Patras, Greece

Abstract

Information about the pore structure of permeable solids is embedded in mercury
infrusion—retraction curves in a highly convoluted form. Any aftempt to derive a “pore
size distribution” must inevitably depend on postulates concerning the pore shapes and
the pore network skeleton. For an important class of permeable materials the pore space
can be represented as a matrix of chambers interconnected through narrow throats.
Information about the chamber size distribution and the network skeleton can be obtained
from serial tomography. Information about the throat size distribution can then be obtained
by deconvolving the intrusion—retraction curves. To this end, a reliable mercury infrusion—
withdrawal simulator must be available. Such a simulator for three-dimensional chamber-
and-throat networks is developed here. This simulator takes into account the mechanisms
by which mercury menisci move in pores and stop at enfrances to throats or (in certain
cases) chambers. It also takes info account the mechanism of snap-off, which leads o
the disconnection and entrapment of mercury in the form of ganglia. The sequence in
which mercury menisci move and threads break is also taken into account. The simulator
is used to study the effects of the throat size distribution, the chamber size distribution, the

coordination number, and the contact angle on the capillary pressure curves.

Journal of Colloid and Interface Science, 137(2), 315-339 (1990)
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A Theoretical Model of Collision and Coalescence
of Ganglia in Porous Media

G. N. Constantinides, and A. C. Payatakes
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Abstract

The problem of collision and coalescence of nonwetting ganglia is central to
understanding the mechanics of bank formation duringimmiscible two-phase flow in porous
media. Here we present a theoretical model of the process of collision and coalescence
of a pair of mobilized ganglia in porous media, and we investigate the conditions under
which coalescence is prompt or difficult. The porous medium is modeled as a three-
dimensional network of randomly sized unit cells of the constricted-tube type, pertaining
to consolidated porous materials. The problem of simultaneous flow of the two ganglia in
the porous medium is solved using the network approach. The details of the flow near and
between the two colliding menisci are analyzed with a film drainage model, which takes
info account the presence of the constraining pore wall, the wetting film which surrounds
the ganglia by occupying roughness features on the pore wall, and the hydrodynamic
interactions of the three liquid bodies. The factors controlling film drainage in a single
throat are investigated. While the film is draining, the colliding ganglia are moving within
the pore network, and for this reason the entire problem has to be solved on two different
time scales: that of the motion of ganglia, and that of the fim drainage. The model is
used to evaluate the probability of coalescence between pairs of colliding ganglia. Using
this model, the dependence of the probability of coalescence given a collision, C11, on
the parameters that affect the flow (capillary number Ca, viscosity ratfio k, and dynamic
contact angles) is investigated. The simulations indicate that wettability is a more important
parameter than Ca or k, and that C11 decreases as the contact angle increases. In most

cases considered the value of C11 is in the range from 0.03 to 0.15.

Journal of Colloid and Interface Science, 141(2), 486-504 (1991)
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A Mercury Porosimeter for Investigating Capillary Phenomena
and Microdisplacement Mechanisms in Capillary Networks
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Abstract

Mercury porosimetry was studied in glass-etched micromodels with the aid of an
experimental apparatus that enables the accurate measurement of capillary pressures
and mercury saturations, as well as the observation of microdisplacement mechanisms at
the pore level. The effect of fluid topology, pore size, and pore body to pore throat aspect
rafio during quasi-static imbibition for the air—mercury system is demonstrated in terms of
experimentally obtained capillary pressure curves. Imbibition is shown to be determined
by the interplay of bond-withdrawal (snap-off in throats) and site-withdrawal (withdrawal
from pores) processes. Under conditions of small variability in pore body and pre throat
size and for relatively small pore body to pore throat aspect ratio, imbibition phenomena
are confrolled by the fluid topology in a deterministic manner. That is, withdrawal occurs
first from pore throats by the snap-off mechanism and proceeds in pore bodies in a
manner that preserves the continuity of the nonwetting phase (nwp). Critical capillary
pressures were measured for the withdrawal of mercury from pores and throats under
various configurations of capillary interfaces. Theoretical calculations were in qualitative
agreement with experimental values. For fully saturated capillary networks, snap-off events
in pore throats initiate the withdrawal of mercury. The conjecture that the frontal advance
mechanism dominates mercury withdrawal over cluster growth at high initial mercury
saturation is not valid for conditions whereby all faces of the pore network are exposed to

a mercury sink.

Journal of Colloid and Interface Science, 143(1), 22-36 (1991)
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Effects of Pore-Size Correlations on Mercury Porosimetry Curves

C. D. Tsakiroglou, and A. C. Payatakes
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and ICE/HT-FORTH, GR 261 10, Patras, Greece

Abstract

The effects of pore-size correlations on mercury intrusion/retraction curves are
investigated with a new theoretical simulator. Aftention is focused on the class of porous
materials that can be represented as networks of chambers and throats. Simulations are
made with three types of networks: uncorrelated, c-f correlated, and c-c & c-t correlated.
It is found that, whereas the effects of c-t correlation on mercury porosimetry curves are
relatively weak, the effects of c-c & c-t correlation are strong. The c-c & c-t correlation
widens the infrusion curve, extending it in ranges of both low and high pressure. The
residual mercury saturation is somewhat smaller for c-c & c-t correlated networks than
for uncorrelated ones, but part of this difference is caused by boundary effects. Type
c-c & c-t correlated networks can be used to represent porous media with nonrandom

heterogeneities at the microscopic level.

Journal of Colloid and Interface Science, 146(2), 479-494 (1991)
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Three-Dimensional Trajectory Analysis
of Particle Deposition In Constricted Tubes

C. A. Paraskeva, V. N. Burganos, and A. C. Payatakes

Department of Chemical Engineering, University of Patras,
and Institute of Chemical Engineering and High Temperature Chemical Processes,
Patras, GR, Greece

Abstract

A 3-D trajectory analysis of particle deposition in unit cells of the constricted-tube type
is developed. Creeping newtonian How of the suspension through the unit cells is assumed,
and the flow field in each unit cell is computed using the collocation solution provided by
Titon and Payatakes (1984). Particle trajectory equations are developed for the three-
dimensional case, taking into account the hydrodynamic forces and torques, gravity, the
London-van der Waals force, and the double ionic layer force. The one-step trajectory
approach is used to predict the rate and pattern of deposition in a unit cell of arbitrary
orientation. Numerical results agree with the experimental observation that deposition in
oblique flow channels conftributes substantially to the overall rate of deposition. Particle size
and pore geometry effects on the rate of deposition are thoroughly studied and shown
fo be important for various cell orientations. This method can be used in a 3-D network
analysis to estimate the overall filter coefficient and the pattern of deposition in deep bed

filtration.

Chemical Engineering Communications, 108(1), 23-48 (1991)
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Three-Dimensional Trajectory Analysis
and Network Simulation of Deep Bed Filtration

V. N. Burganos, C. A. Paraskeva, and A. C. Payatakes

Institute of Chemical Engineering and High Temperature Chemical Processes,
and Department of Chemical Engineering, University of Patras,
GR 261 10, Patras, Greece

Abstract

A three-dimensional simulator of deep bed filtration in granular porous media is
developed. The void space of the porous medium is modeled as a network of unit cells
of the constricted-tube type with mouth and constriction diameters distributed according
to prescribed size distributions. The rate of deposition in each cell is determined using the
particle trajectory analysis which requires determination of the flow field in the unit cell and
of all the forces and torques acting on the particle. The overallrate of deposition, expressed
in terms of the filter coefficient, is determined through a detailed numerical procedure that
involves simultaneous solution of the local deposition rate equations, the mass balance
equation at the nodes of the network, and the equations of perfect mixing of outgoing
streams at pore intersections (nodes). Numerical results agree with the experimental
observation that deposition in oblique flow channels contributes substantially to the overall
rate of deposition. It is found that substitution of even a few relaftively large unit cells (weak
collectors) into a network of otherwise uniformly sized unit cells increases the flow rate of
lateral streams and leads to higher filter coefficients thanks to high impacted fractions in

fransverse pores.

Journal of Colloid and Interface Science, 148(1), 167-181 (1992)
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Derivation of Topological, Geometrical, and Correlational Properties
of Porous Media from Pore-Chart Analysis of Serial Section Data
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Abstract

An efficient method for the pore-chart analysis of serial section data is developed for
the determination of topological, geometrical, and pore-size correlational properties of
porous materials. The main innovative features of the method are three. First, it infroduces
an efficient method for the storage and manipulation of digitized data from 2D sections.
As a result, pore interconnectedness and geometrical properties are determined with
drastically smaller memory and CPU time requirements. Second, it infroduces a new way
of determining the genus of the network, which requires manipulation of only two sections
at any given time. This is a drastic improvement over other methods that manipulate
simultaneously all sections up to the one being processed. Third, it infroduces a rational
and efficient method for the classification of pore segments as chamlbers and pores, when
the pore structure allows such an idealization. Application of the method provides results
on the genus, genus per node, genus per unit volume, coordination number, chamber
diameter distribution, throat diameter distribution, and throat length distribution, as well as
on correlations of the type c-t, c-1, and c-c. An example of the application of the method
on a sandstone sample is given. When the experimental fechnique cannot resolve the
narrowest pores (throats) adequately, the present method can be combined with mercury

porosimetry to obtain a comprehensive analysis of the pore structure.

Journal of Colloid and Interface Science, 150(1), 61-80 (1992)
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Knudsen Diffusion in Random and Correlated Networks
of Constricted Pores
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Department of Chemical Engineering, University of Patras,
and Institute of Chemical Engineering and High Temperature Chemical Processes,
PO Box 1239, Patras, GR 26110, Greece

Abstract

Diffusion of gases in pores with converging—diverging geometry is studied and
Knudsen effective diffusivities in networks of constricted pores are computed. It is shown
analytically that asymmetric (unequal mouth size) pores and, in general, pore structures that
are asymmetric about their midsection are isotropic with respect to the sense of diffusion
only if the diffuse law for the surface reflections is valid. Other reflection laws may lead to
largely different diffusivities in opposite directions. Monte Carlo simulation of diffusion in
individual pores showed that constrictions cause drastic reduction of the tube diffusivity,
while periodic cavities yield increased diffusivity values compared to those in straight tubes
of the same mouth size. Novel spatial correlation schemes are developed for mouth and
constriction sizes and their effects on the value of the Knudsen effective diffusivity are
studied. It was found that mouth-to-mouth and mouth-to-constriction size correlations in
constricted-pore networks result in enhanced diffusion rates through the generation of
clusters and paths of highly conducting pores; however, correlation of constriction sizes
may increase or decrease the diffusion coefficient, depending on the distribution function

of the network conductances.

Chemical Engineering Science, 47(6), 1383-1400 (1992)
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Creeping Axisymmetric Flow around a Solid Particle
Near a Permeable Obstacle
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Abstract

The hydrodynamic interaction between a solid particle and a porous obstacle, both
of spherical shape, the former moving slowly along the line of their centers and the latter
held stationary in an external axisymmetrical flow field, is analyzed. Owing to the linearity
of the creeping motion equations and the boundary conditions, this general problem can
be decomposed into two simpler problems: I. the motion of the solid sphere relative to the
porous one in a fluid at rest; ll. an axisymmetrical streaming flow past the two spheres held
stationary. The solution to problem Il requires further decomposition into the problem of
undisturbed flow in the absence of the two spheres and that of the two spheres following
each other in a fluid at rest (problem lll). The above component flow problems are solved
analytically using the stream function formulation in bispherical coordinates. The flow and
pressure fields, and the drag forces exerted on both spheres are determined as functions
of the permeability, the slip factor, the gap length, and the relative size of the two spheres.
In problem | it is found that the drag force exerted on the solid particle increases with
decreasing permeability for any value of the gap length. The opposite behavioris observed
in problems Il (and Il). In all cases, however, the drag force exerted on the porous sphere
increases as the permeability decreases for any separation distance. In the region of
very small separation distances the drag forces on the two spheres in problem | attain a
weak maximum at a critical gap length which is a function of the obstacle permeability
and the sphere size ratio. The behavior of the drag forces in problems Il (and Ill) is more
complicated and depends strongly on the sphere size ratio. The effects of the slip velocity
and the particle to streaming velocity ratio (in the composite problem) on the values of the

drag forces are also examined.

AIChE Journal, 38(8), 1213-1228 (1992)
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Creeping Flow Around and Through a Permeable Sphere
Moving With Constant Velocity Towards a Solid Wall: A Revision
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Abstract

A parametric study of particle deposition during flow of suspensions through single
constricted pores is presented in order to identify the effects of the various forces acting
on the particles on the simulated deposition rate and to assess the sensitivity of the
filtfration efficiency predictions on the uncertainty involved when evaluating the relevant
parameters. The calculations of the impacted particle fraction are based on the calculation
of 3-D particle trajectories in sinusoidal tubes under the action of hydrodynamic forces
and torques, gravity, the double ionic layer force, and the London force. It is found that
the five dimensionless parameter groups that enter the calculation of the surface forces
affect the deposition rate in a similar manner. Two distinct regions can be identified for
each group; in each region the impacted fraction remains almost insensitive to changes
in the group value. However, fransition from one region to the other causes a spectacular,
abrupt change of the impacted fraction by more than five orders of magnitude. Among
the main conclusions of this parametric analysis is that the determination of the filtration
efficiency rests mainly on the easily measured gravitational group and is insensitive to the
precise value of the five surface force parameter groups, as long as it is known that each
of them is larger or smaller than a corresponding critical value given here. Finally, the
impacted fraction up to various depths into a unit cell and the impacted fraction per unit

length are calculated for vertical and horizontal cells and for variable particle size.
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Abstract

The hydrodynamic interaction between two permeable spherical particles moving
with constant velocity along the line of their centers in a fluid at infinity at rest is analyzed.
The motion of the fluid in the domain between and around the two spheres is described
by Stokes’ equation, whereas the motion of the fluid in the interior of the porous spheres
is assumed to obey Darcy’s law. At the porous boundaries, contfinuity of the pressure
and normal fluid velocity is used complemented by the simplified Beavers-Joseph slip
condition. Analytical solutions for the flow field in the exterior and for the pressure field in
the interior of the spheres are obtained using the stream function formulation in bispherical
coordinates. Quasistationary vortices are obtained when the two spheres approach each
other or when a porous sphere moves towards a porous planar wall over a wide range of
permeability values. The hydrodynamic forces exerted by the fluid on the two spheres are
determined as functions of the permeabilities of the spheres, the separation distance, the
sphere size ratio, and the velocity ratio. Finally, the distribution of the normal and shear
stresses exerted by the fluid on the surfaces of two simultaneously moving porous spheres is
calculated for various permeability values. The numerical results of this work along with the
qualitative conclusions drawn from them are useful in the modeling of cluster—particle or
cluster—cluster agglomeration, particle—cluster deposition in crossflow and dep filtration,
hydrodynamic interaction of macromolecule coils with each other and container or pore

walls, and other similar phenomena.

Chemical Engineering Science, 48(16), 2889-2900 (1993)
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Abstract

The mercury infrusion/retraction curves of many types of porous materials (e.g..
sandstones) have sections of finite slope in the region of high and very high pressure. This
feature is attributed to the existence of microroughness on the pore walls. In the present
work pore-wall roughness features are added to a three-dimensional primary network
of chambers-and-throats using ideas of fractal geometry. The roughness of the throats
is modeled with a finite number of self-similar friangular prisms of progressively smaller
sizes. The roughness of the chambers is modeled in a similar way using right circular cones
instead of prisms. Three parameters suffice for the complete characterization of the model
of fractal roughness, namely, the number of features per unit length, the common angle
of sharpness, and the number of layers (which is taken to be the same for throats and
chambers). Analytical relations that give the surface area, pore volume, and mercury
saturation of the pore network as functions of the fractal roughness parameters are
developed for monolayer and multilayer arrangements. The chamber-and-throat network
with fractal pore-wall roughness is used to develop an extended version of the computer-
aided simulator of mercury porosimetry that has been reported in previous publications.
This new simulator is used to investigate the effects of the roughness features on the form
of mercury intrusion/retraction curves. It turns out that the fractal model of the pore-wall
roughness gives an adequate representation of real porous media, and capillary pressure
curves which are similar to the experimental ones for many typical porous materials such

as sandstones. The method is demonstrated with the analysis of a Greek sandstone.
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Abstract

The problem of mass fransfer from a Newtonian fluid stream to a swarm of adsorbing
stationary solid spheroidal particles under creeping flow conditions is considered. The

|H

“spheroid-in-cell” model is used for the representation of the swarm and the axis of
symmetry is assumed parallel to the approaching uniform stream. An analytical solution
to the convective diffusion equation for high Peclet number is obtained using Levich’s
method. Simple analytical expressions are derived for the dimensionless concentration,
the local Sherwood number, and the thickness of the diffusion layer in terms of the Peclet
number, the porosity of the swarm, and the position on a meridian plane. It is found that for
prolate spheroids-in-cell the diffusion film thickness is minimal at the stagnation point asin the
case of spheres-in-cell. However, in the case of oblate spheroids-in-cell the diffusion layer
thickness becomes minimal at positions between the stagnation point and the equator.
Calculated values of the overall mass transfer coefficient indicate that the adsorption rate
is higher for oblate spheroids-in-cell than for spheres-in-cell and prolate spheroids-in-cell,
assuming either the same volume, or the same surface area. The mass transfer coefficient

increases with decreasing porosity of the swarm for all geometries studied.

Journal of Colloid and Interface Science, 161(1), 43-52 (1993)
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Abstract

The motion and deposition of suspended particles in upflow unit cells of sinusoidal
shape are studied using a three-dimensional trajectory analysis. Particle stagnation and
exclusion regions can develop at the entrance mouth of upflow cells, the extent and
distribution of which depend on several parameters including particle size, flow rate, cell
geometry, and cell inclination. It is found that the particle exclusion phenomenon can
become very significant over a wide range of the preceding parameters and can have
significant implications in network-based simulations of upflow or horizontal flow depth
filfration. A new definition of the impacted fraction is infroduced that is based on the
particle entrance velocity and the actual entrance region. Calculations of the deposition
rate in sinusoidal collectors indicate that switching from a downflow to an upflow mode
results in increased or decreased capture efficiency depending, chiefly, on the inclination

of the unit collector.

Separations Technology, 4(1), 47-54 (1994)
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Abstract

The stream function psi for axisymmetric Stokes flow satisfies the well-known equation
E4 psi = 0. In spheroidal coordinates the equation E2 psi = 0 admits separable solutions
in the form of products of Gegenbauer functions of the first and second kind, and the
general solution is then represented as a series expansion in ferms of these eigenfunctions.
Unfortunately, this property of separability is not preserved when one seeks solutions of the
equation E4 psi = 0. The nonseparability of E4 psi = 0 in spheroidal coordinates has impeded
considerably the development of theoretical models involving particle-fluid interactions
around spheroidal objects. In the present work the complete solution for psi in spheroidal
coordinates is obtained as follows. First, the generalized 0-eigenspace of the operator E2
is investigated and a complete set of generalized eigenfunctions is given in closed form,
in terms of products of Gegenbauer functions with mixed order. The general Stokes stream
function is then represented as the sum of two functions: one from the 0-eigenspace
and one from the generalized 0-eigenspace of the operator E2. A rearrangement of the
complete expansion, in such a way that the angular-type dependence enters through the
Gegenbauer functions of successive order, leads to some kind of semiseparable solutions,
which are givenin terms of full series expansions. The proper solution subspace that provides
velocity and vorticity fields, which are regular on the axis, is given explicitly. Finally, it is
shown how these simple and generalized eigenfunctions reduce to the corresponding
spherical eigenfunctions as the focal distance of the spheroidal system tends to zero, in
which case the separability is regained. The usefulness of the method is demonstrated by
solving the problem of the flow in a fluid cell contained between two confocal spheroidal

surfaces with Kuwabara-type boundary conditions.

Quarterly of Applied Mathematics, 52(1), 157-191 (1994)
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Abstract

The role of the viscosity ratio k during forced imbibition in porous media is investigated
theoretically using a new simulator, and experimentally based on displacements in
model pore networks. Both theory and experiment show that k is an important parameter
of microdisplacement in porous media, not only for intermediate and large capillary
number values, but also for small values, say Ca < 10-6. In the latter region the residual
nonwetting saturation Sor is virtually independent of Ca for k < 1, and increases weakly
with decreasing Ca for k > 1. The unexpected result is that, even for very small values
of Ca, Sor decreases appreciably as k decreases, especially in the case of very good
wefttability. Simulations indicate that the effect of k on Sor for low Ca values is enhanced
as the confact angle decreases. The phenomenon is attributed to a synergistic effect
between capillary microfingering and localized viscous forces. It must be emphasized that
the velocity gradients which are created locally by the advance of a single meniscus, or
of a wetting film, are sufficiently large to make viscous stresses important, even when the
Ca value of the macroscopic flow is very low (say, of order 10-8). A favorable viscosity
rafio reduces the extent of capillary microfingering and thus increases the efficiency of
microdisplacement, despite the fact that for Ca < 10-6 the viscous stresses are negligible
on a macroscopic scale. Further work is needed to analyze the synergism between k and

Be at low Ca values.
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Abstract

A comparative experimental study of steady-state two-phase flow in two types
of model porous media is made to determine the effects of nonplanarity on the flow
mechanisms and the mesoscopic flow behavior. The two model porous media have virtually
the same pore geometry, but one has a planar network skeleton, whereas the other has
a nonplanar (two-layer) skeleton. The latter is a new type of model porous medium that
permits detailed visual observation and quantitative measurements without sacrificing the
3D character of the pore network topology. The capillary number and the flowrate ratio
are changed systematically, whereas the viscosity ratio and the wettability (contact angle)
are kept constant. Conventional relative permeabilities are determined and correlated
with the porescale flow phenomena. In the range of parameter values investigated, the
flow mechanism observed was ganglion dynamics (intrinsically unsteady, but giving a time-
averaged steady-state). The nonplanarity is shown to have small qualitative but significant
qguantitative effects. In the nonplanar porous medium, the ganglion size distribution is
wider, the mean ganglion size larger, and the stranded ganglia are fewer than those in

the planar one, under the same flow conditions.

Transport in Porous Media, 16(1), 75-101 (1994)
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Abstract

Atestparticle frajectory approachis developed for the simulation of deep bed filtration.
A 3-D network of constricted pores represents the pore space of granular filters, network-
scale trajectories of a large number of non-Brownian test particles are computed, and filter
coefficient predictions are obtained for horizontal, down-and upflow filtration operation.
This simulator yields numerical results that agree excellently with our earlier predictions
by the pore-scale frajectory-based population balance method. The new approach,
however, circumvents the cumbersome step of calculating the impacted fraction in each
unit cell, which the earlier method required, by providing direct statistical estimates of
the local and overall deposition rates for continuous and discrete pore-size distributions.
For large superficial velocities (Vs > ~1 mm/s) and distributed pore size, downflow filters
are more efficient than horizontal flow filters, whereas for small velocities (Vs< ~0.5 mm/s)
the opposite is observed. Horizontal flow operation is also favored by uniform packing for
almost any value of the external pressure gradient. Upflow operation is the least efficient
for the packings considered here over a broad range of superficial velocity and particle-
size values. Observed differences among the three filtration types are maximal for uniform

packings and decrease considerably with increasing packing heterogeneity.

AIChE Journal, 41(2), 272-285 (1995)
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Abstract

The problem of mass transfer from a Newtonian fluid to a swarm of spheroidal
adsorbers under creeping flow conditions is considered using the spheroid-in-cell model
to represent the swarm. The flow field within the fluid envelope for the Kuwabara type
of boundary conditions is obtained from the analytical solution of Dassios et al. (1994).
The complete convective diffusion equation is used to describe mass fransport within the
envelope so that moderate and strong diffusional terms can be taken info account. A new
set of boundary conditions is used that respects mass flux and concentration continuity
across the outer surface of the cell and maximizes the applicability of the spheroid-in-cell
model in the convection-to-diffusion transition regime. The resulting elliptic problem in two
dimensions is solved numerically. Results for the upstream and downstream concentration
profiles reveal that tangential diffusion is very significant and should not be neglected for
moderate and low Peclet number values. Also, the classical Levich-type of formulation,
which is theoretically valid for very weak diffusional terms only, can in practice be modified
to predict with fair accuracy the overall Sherwood number and the adsorption efficiency

of prolate and oblate spheroids-in-cell even in moderate Peclet number cases.

AIChE Journal, 41(5), 1122-1134 (1995)
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Abstract

Particle-in-cell models are useful in the development of simple but reliable analytical
expressions for heat and mass fransfer in swarms of particles. Most such models consider
spherical particles. Here the creeping flow through a swarm of spheroidal particles,
which move with constant uniform velocity in the axial direction through an otherwise
quiescent Newtonian fluid, is analyzed with a spheroid-in-cell model. The solid internal
spheroid represents a particle of the swarm. The external spheroid contains the spheroidal
particle and the amount of fluid required to match the fluid volume fraction of the swarm.
The boundary conditions on the (conceptual) external spheroidal surface are similar to
those of the sphere-in-cell Happel model [1], namely, nil normal velocity component and
shear stress. The stream function is obtained in series form using the recently developed
method of semiseparation of variables. It turns out that the first term of the series is sufficient
for most engineering applications, so long as the aspect ratio of the spheroids remains
within moderate bounds, say ~1/5<a3<~5. Analytical expressions for the streamfunction,
the velocity components, the vorticity, the drag force acting on each particle, and the
permeability of the swarm are obtained. Representative results are presented in graph form
and they are compared with those obtained using Kuwabara-type boundary conditions.
The Happel formulation is slightly superior because it leads to a particle-in-cell that is self

sufficient in mechanical energy.
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Abstract

Steady-state two-phase flow in porous media was studied experimentally, using a
model pore network of the chamber-and-throat type, etched in glass. The size of the
network was sufficient to make end effects negligible. The capillary number, Ca, the flow-
rate ratio, r, and the viscosity ratio, k, were changed systematically in a range that is of
practical interest, whereas the wettability (moderate), the coalescence factor (high), and
the geometrical and topological parameters of the porous medium were kept constant.
Optical observations and macroscopic measurements were used to determine the flow
regimes, and to calculate the corresponding relative permeabilities and fractional flow
values. Four main flow regimes were observed and videorecorded, namely large-ganglion
dynamics (LGD), small-ganglion dynamics (SGD), drop-traffic flow (DTF) and connected
pathway flow (CPF). A map of the flow regimes is given in figure 3. The experimental
demonstration that LGD, SGD and DTF prevail under flow conditions of practical interest,
for which the widely held dogma presumes connected pathway flow, necessitates the
drastic modification of that assumption. This is bound to have profound implications for the
mathematical analysis and computer simulation of the process. The relative permeabilities
are shown to correlate strongly with the flow regimes, figure 11. The relative permeability
to oil (non-weftting fluid), kro, is minimal in the domain of LGD, and increases strongly as
the flow mechanism changes from LGD to SGD to DTF to CPF. The relative permeability
to water (wetting fluid), krw, is minimal in the domain of SGD; it increases moderately
as the flow mechanism changes from SGD to LGD, whereas it increases strongly as the
mechanism changes from SGD to DTF to CPF. Qualitative mechanistic explanations for
these experimental results are proposed. The conventional relative permeabilities and the
fractional flow of water, fw, are found to be strong functions not only of the water saturation,
Sw, but also of Ca and k (with the wettability, the coalescence factor, and all the other
parameters kept constant). These results imply that a fundamental reconsideration of

fractional flow theory is warranted.

Journal of Fluid Mechanics, 293, 207-236 (1995)

80 IIANENIZSTHMIO [TATPQON



Investigation of Thin Liquid Films of Small Diameters
and High Capillary Pressures by a Miniaturized Cell

O. D. Velev?, G. N. Constantinides 23, D. G. Avraam 23, A. C. Payatakes 23,
and R. P. Borwankar*

Laboratory of Thermodynamics and Physico-chemical Hydrodynamics,
University of Sofia, Faculty of Chemistry, J. Bourchier Avenue 1, 1126 Sofia, Bulgaria;
’Department of Chemical Engineering, University of Patras;

SInstitute of Chemical Engineering and High Temperature Chemical Processes,
GR 26500, Patras, Greece;

“Kraft General Foods, Inc., Technology Center,

801 Waukegan Road, Glenview, lllinois 60025, USA

Abstract

A highly miniaturized cell for the experimental investigation of thin foam and emulsion
films has been constructed. The miniaturization of the structure in the new designis achieved
by forming the cell out of thin glass slides drilled by excimer laser and sintered into a single
structure. The capillary pressures and fim dimensions aftainable in our type of cell are
closer to reality than those in the currently deployed models. Parallel experiments on the
formation and thinning of emulsion films stabilized with nonionic surfactant (Tween 20) and
with protein (BSA) have been carried out in the newly designed and in the conventional
cell. The data reported in the paper show that the patterns and the time scales of fim
evolution in the two cells are significantly different. No dimple formation in the realistic
films has been observed. A particularly drastic difference in the time scales is recorded
in the case of protein-stabilized systems, probably resulting from the increased interfacial

viscosity and elasticity.

Journal of Colloid and Interface Science, 175(1), 68-76 (1995)
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Abstract

A parametric experimental investigation of the coupling effects during steady-state
two-phase flow in porous media was carried out using a large model pore network of
the chamber-and-throat type, etched in glass. The wetting phase saturation, S1, the
capillary number, Ca, and the viscosity ratio, k, were changed systematically, whereas
the wettability (contact angle, 6e ), the coalescence factor, Co, and the geometrical
and fopological parameters were kept constant. The fluid flow rate and the pressure drop
were measured independently for each fluid. During each experiment, the pore-scale
flow mechanisms were observed and videorecorded, and the mean water safuration
was defermined with image analysis. Conventional relative permeability, as well as
generalized relative permeability coefficients (with the viscous coupling terms taken
explicitly into account) were determined with a new method that is based on a B-spline
functional representation combined with standard constrained optimization techniques. A
simple relationship between the conventional relative permeabilities and the generalized
relative permeability coefficients is established based on several experimental sets. The
viscous coupling (off-diagonal) coefficients are found to be comparable in magnitude
to the direct (diagonal) coefficients over board ranges of the flow parameter values. The
off-diagonal coefficients (krij / yj ) are found to be unequal, and this is explained by the
fact that, in the class of flows under consideration, microscopic reversibility does not hold
and thus the Onsager-Casimir reciprocal relation does not apply. The coupling indices are
infroduced here; they are defined so that the magnitude of each coupling index is the
measure of the confribution of the coupling effects to the flow rate of the corresponding
fluid. A correlation of the coupling indices with the underlying flow mechanisms and the

pertinent flow parameters is established.

Transport in Porous Media, 20(1-2), 135-168 (1995)
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Abstract

A computer-aided simulator of steady-state two-phase flow in consolidated porous
media is developed. The porous medium is modeled as a 3-D pore network of suitably
shaped and randomly sized unit cells of the constricted-tube type. The problem of two-
phase flow is solved using the network approach. The wetting phase saturation, the
viscosity ratio, the capillary number, and the probability of coalescence between two
colliding ganglia are changed systematically, whereas the geometrical and topological
characteristics of the porous medium and wettability (dynamic contact angles) are kept
constant. In the range of the parameter values investigated, the flow behavior observed is
ganglion population dynamics (intrinsically unsteady, but giving a time-averaged steady
state). The mean ganglion size and fraction of the nonwetting phase in the form of stranded
ganglia are studied as functions of the main dimensionless parameters. Fractional flows
and relative permeabilities are determined and correlated with low phenomena at pore
level. Effects of the wetting phase saturation, the viscosity ratio, the capillary number, and

the coalescence factor on relative permeabilities are examined.

AIChE Journal, 42(2), 369-382 (1996)
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Abstract

A thorough study of Vosges sandstone samples is presented in this work. First, the

geometry of these porous media is analyzed using serial thin sections. Then, random

numerical samples are reconstructed according to the measured statistical geometrical

parameters. Finally, the macroscopic fransport properties are determined from the

numerical solutions in the reconstructed samples of the local equations governing the

corresponding fransport phenomena and compared to available experimental data.

Mercury infrusion in the simulated media is modelled and pore size distribution results are

compared with those obtained from serial tomography.
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Abstract

The role of the oil/water viscosity ratio k and the wettability (expressed as equilibrium
contact angle Beq) during forced imbibition in a nonplanar (two-layer) porous medium is
investigated experimentally. The results show that k and 6eq act in combination not only
for intermediate and large capillary numbers, but also for small values, say Ca < 10-6.
Extensive capillary microfingering is observed, and the residual oil saturation Sor increases
as Beq decreases and k increases. This behavior becomes more significant at small contact
angles and small Ca values. This phenomenon is attributed to the combined effect of the
sizeable precursor wetting film and the local viscous forces. The velocity gradients that
are created by the fast motion of either a meniscus in a single pore or the weftting film are
sufficiently large to render viscous stresses important locally, even when the Ca value is

very low, that is, even when the viscous stresses are negligible on a macroscopic scale.

Journal of Colloid and Interface Science, 189(1), 27-36 (1997)
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Abstract

During mercury porosimetry experiments two of the most basic mechanisms responsible
for mercury intrusion (drainage) into and retraction (imbibition) from porous media are
meniscus infrusion info constrictions and thread snap-off in narrow pores, respectively. The
present work consists of an experimental and theoretical study of these phenomena in
model lenticular capillaries, that is, capillaries with lens-shaped cross section. The reason for
this apparently strange choice is that several porous media of interest, such as sandstone
reservoir rocks (and also model pore networks etched in glass plates and used in numerous
experimental studies of multiphase flow in porous media) have pores of such type. The
crifical pressures for mercury intrusion and snap-off in lenticular pores are measured
experimentally and expressed in dimensionless form as functions of the pore aspect ratio
(ratio of pore width to pore depth) and the contact angle. Analytical mathematical
relationships are also developed for the calculation of these critical pressures. In the case of
mercury penetration, very good agreement between experiment and theory is observed
over the whole region of pore width to pore depth aspect ratio. In the case of mercury
snap-off, very good agreement is observed for small and medium values of pore aspect
rafio. A sizable discrepancy in the case of snap-off is observed in pores of large aspect
rafio, and this is caused by the considerable deviation (in this case) of the pore shape
of the experimental models from the lenticular one used in the theoretical calculations,
as well as by the strong effect of the pressure of residual air on the values of measured

pressures.
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Abstract

A lattice-Boltzmann simulator of two-phase equiliorium and flow is presented and
applications to interface stability problems are discussed. The simulator is based on a
lattice-Boltzmann model of nonideal fluids that allows coexistence of two phases of a single
substance at an explicitly defined temperature. A set of thermodynamically consistent
algorithms is developed to prescribe the equilibrium densities and kinematic viscosities
of the vapor and liquid phases of a van der Waals fluid and also the interfacial tension
and interfacial thickness. Flow is induced by applying either a constant macroscopic
pressure gradient or an external body force. Application to gas displacement by liquid
in a pore structure showed that the simulator is capable of reproducing critical flooding
phenomena under strong wettability conditions, such as formation of thin films, snap-off in

narrow throats, and entrapment of the nonwetting phase.

Physical Review E, 57(3), 3237-3245 (1998)

IAPYMA TEXNOAOTIAY & EPEYNAS 87



Mechanistic Model of Steady-State Two-Phase Flow in Porous Media
Based on Ganglion Dynamics

M. S. Valavanides, G. N. Constantinides, and A. C. Payatakes
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Abstract

Recent experimental work has shown that the pore-scale flow mechanism during
steady-state two-phase flow in porous media is ganglion dynamics (GD) over a broad
and practically significant range of the system parameters. This observation suggests that
our conception and theoretical freatment of fractional flow in porous media need careful
reconsideration. Here is proposed a mechanistic model of steady-state two-phase flow in
those cases where the dominant flow regime is ganglion dynamics. The approach is based
on the ganglion population balance equations in combination with a microflow network
simulator. The fundamental information on the cooperative flow behavior of the two fluids
at the scale of a few hundred pores is expressed through the system factors, which are
functions of the system parameters and are calculated using the simulator. These system
factors are utilized by the population balance equations to predict the macroscopic
behavior of the process. The dependence of the conventional relative permeability
coefficients not only on the wetting fluid saturation Swbut also on the capillary number,
Ca, the viscosity ratio the wettability (0 a, 0r), the coalescence factor, Co, as well as the
porous medium geometry and topology is explained and predicted on a mechanistic basis.
Sample calculations have been performed for steady-state fully developed (SSFD) and
steady-state nonfully developed (SSnonFD) flow conditions. The number distributions of the
moving and the stranded ganglia, the mean ganglion size, the fraction of the nonwetting
fluid in the form of mobile ganglia, the ratio of the conventional relative permeability
coefficients and the fractional flows are studied as functions of the system parameters and

are correlated with the flow phenomena at pore level and the system factors.

Transport in Porous Media, 30(3), 267-299 (1998)
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Mercury Intrusion and Retraction in Model Porous Media
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Abstract

Chamber-and-throat pore networks etched in glass (or plastic) are often used as
model porous media to study the pore-scale mechanisms and their cooperative effects
on macroscopic fransport coefficients of important multiphase processes, such as
hydrocarbon recovery from rock reservoirs, pollution of soils and aquifers by liquid organic
wastes, etc. Such models have special built-in characteristics, notably, small pore depth
(compared to the pore widths and diameters), equivalent capillary diameter that is nearly
equal to the pore depth and has small variation and small chamber to throat equivalent
capillary diameter ratio. Given that all these features strongly affect the various multiphase
fransport processes that are studied experimentally in model porous media, it is necessary
to take theminto account quantitatively. The present work develops a 2-D network mercury
infrusion—retraction simulator that is adapted to the specific geometrical and topological
characteristics of model pore networks. Based on experimental observations, the mercury
meniscus motion in chambers and throats during intrusion and the mercury disconnection
events during retraction are analyzed at pore-scale. Mercury intrusion or retraction in
chamber-and-throat networks is simulated as a sequence of flow events occurring at
progressively increasing or decreasing external pressures, respectively. It is found that the
location and the degree of hysteresis of mercury infrusion-retraction curves are determined
primarily by the depth of pores and the values of contact angles. The pressure of residual
air may influence the high pressure region of intrusion curve and the low pressure region
of retraction curve. Mercury retraction from the pore network is carried out through cluster
growth, over a narrow pressure region and the residual mercury saturation is low because
of the strong dependence of capillary pressures of refraction from pore chambers on the
local fluid topology. The simulator predicts the experimental capillary pressure curves of
two glass models safisfactorily; furthermore, the simulated patterns of mercury infrusion—
retraction are in agreement with corresponding experimental ones. The experimentally
validated simulator provides a reliable tool for the thorough characterization of the
structure and the prediction of the capillary properties of model porous media as well as

of real porous media with similar pore scale characteristics.

Advances in Colloid and Interface Science, 75(3), 215-253 (1998)
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Particles and Comparison with Experimental Results
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Abstract

A laboratory prototype of a novel experimental apparatus for the analysis of spherical
and axisymmetric nonspherical particles in liquid suspensions has been developed. This
apparatus determines shape, volume, and refractive index, and this is the main difference
of this apparatus from commercially available particle analyzers. Characterization is based
on the scattering of a monochromatic laser beam by particles [which can be inorganic,
organic, or biological (such as red blood cells and bacteria)] and on the strong relation
between the light-scattering pattern and the morphology and the volume, shape, and
refractive index of the particles. To keep things relatively simple, first we focus aftention
on axisymmetrical particles, in which case hydrodynamic alignment can be used to
simplify signal gathering and processing. Fast and reliable characterization is achieved
by comparison of certain properly selected characteristics of the scattered-light pattern
with the corresponding theoretical values, which are readily derived from theoretical data
and are stored in a look-up table. The data in this table were generated with a powerful
boundary-element method, which can solve the direct scattering problem for virtually
arbitrary shapes. A specially developed fast pattern-recognition technique makes possible
the on-line characterization of axisymmetric particles. Successful results with red blood cells

and bacteria are presented.

Applied Optics, 37(31), 7310-7319 (1998)
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CFD Predictions for Cement Kilns Including Flame Modelling,
Heat Transfer and Clinker Chemistry
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Abstract

Clinker formation in coal-fired rotary cement kiins under realistic operation conditions
has been modelled with a commercial axisymmetric CFD code for the gaseous phase
including a Monte Carlo method for radiation, a finite-volume code for the energy
equation in the kiln walls, and a novel code for the species and energy conservation
equations, including chemical reactions, for the clinker. An iterative procedure between
the predictions for the temperature field of the gaseous phase, the radiative heat flux to
the walls, and the kiln and clinker tfemperature is used to predict the distribution of the
inner wall temperature explicitly, including the calculation of heat flow to the clinker. It was
found that the dominant mode of heat transfer between the gas and the kiln walls is by
radiation and that the heat lost through the refractories to the environment is about 10%
of the heat input and a further 40% is used for charge heating and clinker formation. The
predictions are consistent with frends based on experience and limited measurements in

a full-scale cement kiln.

Applied Mathematical Modelling, 23(1), 55-76 (1999)
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Gas Sensing and Structural Properties
of Variously Pretreated Nanopowder Tin (IV) Oxide Samples
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Abstract

The correlation between the gas sensing properties and the pore structure of pure
nanopowder SNO, samples subjected to varying degrees of thermal pretreatment has
been investigated. It is shown that both the intrinsic air resistance and the sensitivity to
reducing gases are generally more dependent upon operating temperature than the
degree of pretreatment. Nevertheless, there is evidence for a correlation between the
porosity and the observed gas sensitivities of samples which have not undergone significant
grain growth. It is concluded that under fixed operating conditions, the pore structure of

the oxide strongly influences the observed gas sensitivity in such samples.

Sensors and Actuators B-Chemical, 53(1-2), 76-90 (1998)
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Flow Mechanisms, Relative Permeabilities, and Coupling Effects
in Steady-State Two-Phase Flow through Porous Media.
The Case of Strong Wettability
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Abstract

The pore-scale flow mechanisms and the relative permeabilities during steady-state
two-phase flow in a glass model pore network were studied experimentally for the case of
strong wettability (Be < 10°). The capillary number, the fluid flow rate ratio, and the viscosity
rafio were changed systematically, while all other parameters were kept constant. The
flow mechanisms at the microscopic and macroscopic scales were examined visually and
videorecorded. As in the case of infermediate wettability, we observed that over a broad
range of values of the system parameters the pore-scale flow mechanisms include many
strongly nonlinear phenomena, specifically, breakup, coalescence, stranding, mobilization,
etc. Such microscopically irreversible phenomena cause macroscopic nonlinearity and
ireversibility, which make an Onsager-type theory inappropriate for this class of flows. The
main effects of strong wettability are that it changes the domains of the system parameter
values where the various flow regimes are observed and increases the relative permeability
values, whereas the qualitative aspects of the flow remain the same. Currently, a new frue-

to-mechanism model is being developed for this class of flows.

Industrial & Engineering Chemistry Research, 38(3), 778-786 (1999)
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Abstract

Gas diffusion and sorption in nanoceramic semiconductors are studied using atomistic
simulation techniques and numerical results are presented for a variety of sorbate-sorbent
systems. SnO,, BaTiO,, CuO, and MgO substrates are built on the computer using latfice
constants and atomic parameters that have been either measured or computed by
ab initio methods. The Universal force field is employed here for the description of both
inframolecular and nonbonded interactions for various gas sorbates, including CH,, CO,
CO,, and O,, pure and in binary mixtures. Mean residence times are determined by
molecular dynamics computations, whereas the Henry constant and the isosteric heat of
adsorption are estimated by a Monte Carlo technique. The effects of surface hydroxylation
on the diffusion and sorption characteristics are quantified and discussed in view of their
significance in practical gas sensing applications. The importance of fast diffusion on the
response time of the sensitive layer and of the sorption efficiency on the overall sensitivity

as well as the potential synergy of the two phenomena are discussed.

Journal of Chemical Physics, 110(18), 9244-9253 (1999)
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Effects of Precursor Wetting Films
in Immiscible Displacement through Porous Media
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Abstract

A computer-aided simulator of immiscible displacement in strongly water-wet
consolidated porous media that takes info account the effects of the wetting films is
developed. The porous medium is modeled as a three-dimensional network of randomly
sized unit cells of the constricted-tube type. Precursor wetting films are assumed to advance
through the microroughness of the pore walls. Two types of pore wall microroughness are
considered. In the first type of microroughness, the film advances quickly, driven by capillary
pressure. In the second type, the meniscus moves relatively slowly, driven by local bulk
pressure differences. In the latter case, the wetting film often forms a collar that squeezes
the thread of oil causing oil disconnection. Each pore is assumed fo have either one of
the aforementioned microroughness types, or both. The type of microroughness in each
pore is assigned randomly. The simulator is used to predict the residual oil saturation as a
function of the pertinent parameters (capillary number, viscosity ratio, fraction of pores
with each type of wall microroughness). These results are compared with those obtained
in the absence of wetting films. It is found that wetting films cause substantial increase of
the residual oil saturation. Furthermore, the action of the wetting films causes an increase

of the mean volume of the residual oil ganglia.

Transport in Porous Media, 38(3), 291-317 (2000)
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Abstract

Processes of fluid transport through underground reservoirs are closely related with
microscopic properties of the pore structure. In the present work, arelatively simple method
is developed for the determination of the topological and geometrical parameters of
the pore space of sedimentary rocks, in terms of chamber-and-throat networks. Several
parameters, such as the chamber-diameter distribution and the mean specific genus of
the pore network are obtained from the serial sectioning analysis of double porecasts.
This information is used in the computer-cided construction of a chamber-and-throat
network which is to be used for further analysis. Mercury porosimetry curves are fitted to
either 2-parameter or 5-parameter non-linear analytic functions which are identified by
the median pressures, mean slopes and breakthrough pressures. A simulator of mercury
infrusion/retraction, incorporating the results of serial fomography, in conjuction with
the experimental mercury porosimetry curves of the porous solid are used iteratively to
estimate the throat-diameter distribution, spatial correlation coefficients of pore sizes and
parameters characterizing the pore-wall roughness. Estimation of the parameter values
is performed by fitting the simulated mercury porosimetry curves to the experimental
ones in ferms of the macroscopic parameters of the analytic functions. The validity of the
pore space characterization is evaluated through the correct prediction of the absolute
permeability. The method is demonstrated with its application to an outcrop Grey-Vosgues

sandstone.

Advances in Water Resources, 23(7), 773-789 (2000)
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Abstract

A new method has been developed to prevent sand reentrainment during oil
production from unconsolidated or poorly consolidated reservoir formations. Consolidation
of the formation around the well is achieved through in situ precipitation of a sparingly
soluble salt, namely, calcium phosphate. Conftrol of the depth of salt formation is achieved
by alternating injection, mixing, and reaction of two aqueous solutions of calcium chloride
and potassium phosphate. Calcium phosphate crystals precipitate and grow on the grain
surfaces, forming sufficiently uniform coatings. The formation of relatively uniform coatings
on the grains causes an acceptably small decrease of the permeability, which is a feature
of primary importance for oil production. The grains are gradually “cemented” with bridges
of calcium phosphate crystallites and form a consolidated and still porous structure. As a
result, the rate of hydrocarbon production for the problematic reservoir can be increased
considerably without undesirable reenfrainment of sand. The proposed method for
consolidation has been successfully tested in sandbeds. Several series of experiments have
been carried out under diverse conditions to establish the optimum parameter values for
the implementation of this method. A set of optimum conditions at 25°C were determined
and these conditions gave satisfactory consolidation with permeability loss of ca. 60%
of the initial value. The conditions of precipitation were chosen so that the precipitated
phase was octacalcium phosphate [Ca,H(PO,)322.5H,0], along with its byproduct
hydroxyapatite [Ca,(PO,),OH]. Experiments were also carried out at 70°C and have shown

that it is feasible to consolidate loose sandpacks at oil reservoir conditions.

Journal of Colloid and Interface Science, 232(2), 326-339 (2000)
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Abstract

Gas diffusion and sorptfion on the surface of metal oxides are investigated using
atomistic simulations, that make use of two different force fields for the description of the
inframolecular and infermolecular interactions. MD and MC computations are presented
and estimates of the mean residence fime, Henry's constant, and the heat of adsorption
are provided for various common gases (CO,CO,0,CH, Xe), and semiconducting
substrates that hold promise for gas sensor applications (SnO,,BaTiO,). Comparison is made
between the performance of a simple, first generation force field (Universal) and a more
detailed, second generation field (COMPASS) under the same conditions and the same
assumptions regarding the generation of the working configurations. It is found that the
two force fields yield qualitatively similar results in all cases examined here. However, direct
comparison with experimental data reveals that the accuracy of the COMPASS-based
computations is not only higher than that of the first generation force field but exceeds

even that of published specialized methods, based on ab initio computations.

Journal of Chemical Physics, 114(1), 545-552 (2001)
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True-to-Mechanism Model of Steady-State Two-Phase Flow
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Abstract

A tfrue-to-mechanism model is proposed, which considers steady-state two-phase
flow in porous media (SS2PPM) as a composition of two prototype flows, namely ganglion
dynamics (GD) and connected-oil pathway flow (CPF). Coupling of the prototype flows
is effected with the simple rule that the macroscopic pressure gradient is the same in
both. For a given set of values of the flow system parameters, a domain of admissible flow
combinations is obtained. The solution is determined by assuming that each point in this
domain has equal probability of being ‘visited’. This leads to unique values for the flow
arrangement variables (FAV), the rate of mechanical energy dissipation, and the relative
permeabilities. The new model accounts for the non-linearity of the flow as well as for the
effects of all the system parameters (notably those affecting interfaces), and its predictions

are in very good agreement with existing data.

Advances in Water Resources, 24(3-4), 385-407 (2001)
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Abstract

A new simulator for flow of aqueous suspensions and deposition of non-Brownian
particles in granular media can predict the pattern of deposition and concomitant
reduction in permeability as functions of depth, time and system parameters. The porous
structure of the granular medium represented as a 3-D network of constricted pores
considers the converging-diverging character of flow within pores. Using Lagrangian-
type simulation the particle deposition rate was calculated. Gravity and drag, as well
as hydrodynamic and physicochemical interactions between suspended particles and
pore walls, were considered in calculating 3-D particle frajectories. Deposit configurations
were computed, and the evolution of the pore structure was simulated at discrete time
steps. Changes in the pore geometry and nature of the collector surface affect flow and
frajectory computations directly. Clusters of deposited particles were allowed to become
reentrained if exposed to shear stress higher than a critfical value. Reentrained clusters,
which moved through downstream pores, might redeposit downstream at suitable sites and
cause clogging of sufficiently narrow pores. Particle clusters clogging pores have a finite
permeability, which significantly affects the system’s transient behavior. Clogged pores
act as collectors of solitary particles and of reentrained clusters, and substantially affect
the fransient behavior of the filter. The loss of permeability was monitored by calculating
pore and network hydraulic conductance at each time step. Numerical results for the loss
of permeability, temporal evolution of filter efficiency, and specific deposit profiles are

based on suspension flow simulations in a typical granular porous medium.

AIChE Journal, 47(4), 880-894 (2001)
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Abstract

Biodegradation in porous media is studied with carefully confrolled and well-
characterized experiments in model porous media constructed of etched glass. Porous
media of this type allow visual observation of the phenomena that take place at pore scale.
An aqueous solution of five organic pollutants (toluene, phenol, o-cresol, naphthalene
and 1,2,3-frimethylbenzene) was used as a model NAPL (representing creosote). The
bacteria used were Pseudomonas fluorescens, which are indigenous (even predominant)
in many contaminated soils. The maximum aqueous concentrations of the specific
organic substances, below which biodegradation becomes possible, were determined as
a function of temperature from toxicity experiments. Visualization experiments were made
under various flow velocities and organic loadings to study the morphology and thickness
of the biofilm as a function of the pore size and the distance from the enfrance, and the
efficiency of biodegradation. The efficiency of biodegradation decreased as the aqueous
concentration of NAPL at the inlet increased and/or as the flow velocity increased. The
thickness of biofim decreased as the distance from the inlet increased and/or the pore
diameter decreased. A quasi-steady-state theoretical model of biodegradation was used
to calculate the values of the mesoscopic biochemical rates and to predict the profile
of NAPL concentration in the porous medium and the thickness of biofilm in pores. The

agreement between experimental data and model predictions is quite satisfactory.

Advances in Water Resources, 25(2), 203-219 (2002)
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Abstract

A two-dimensional two-phase lattice-Boltzmmann model is presented and used for the
study of interfacial phenomena under static and flow conditions. The model is based on
the nonideal lattice-Boltzmann model proposed originally by Swift, Osborn, and Yeomans
[Phys. Rev. Lett. 75, 830 (1995)] and makes it possible to couple a prescribed equation of
state with the pressure tensor af the interface and the excess free-energy density formalism.
The characteristic feature of the present modelis that Galilean invariance is restored in the
presence of interfaces without sacrificing any of the merits of the original model and, hence,
the Navier-Stokes equation is adequately (to second order) recovered. The fluid properties
can be prescribed in a thermodynamically consistent manner, which remains accurate at
states close to the critical point. The model is first validated through static equilibrium fests
and then applied to flow systems. It is shown that the simulator can reproduce some known
two-phase flow configurations, like the motion of deformable droplets under the action
of an external flow field. The simulator can also capture some interesting events during jet
breakup and can be useful for the parametric study of the process in the two-dimensional

case.

Physical Review E, é5(5), Article Number: 056702 (2002)
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Abstract

A three-dimensional lattice-Boltzmann model is developed for the simulation of
nonideal fluids under static and flow conditions. The van der Waals formulation of quasilocal
thermodynamics for nonuniform fluids is used, and the interfacial stress tensor for nonideal
fluids appears explicitly in the hydrodynamic equations. The continuity and flow equations
are fully recovered, and Galilean invariance is restored through appropriate manipulations
of the pressure tensor. Although applied here to the D3Q15 lattice, the methodology of
Galilean restoration can be easily modified for use with other three-dimensional lattices as
well. The Laplace law and Gibbs-Thomson equations are satisfied with excellent accuracy
by the model, as demonstrated by droplet equilibrium simulations. Spinodal decomposition
and droplet coalescence simulations are also carried out, revealing a direct proportionality
of the characteristic times to the viscosity, as expected. A wefttability adjustment was
made possible through the prescription of a chemical potential profile along the fluid-wall

interface, and used for the simulation of droplet formation from a conical orifice.

Physical Review E, é7(1), Article Number: 016702 (2003)

IAPYMA TEXNOAOTIAY & EPEYNAS 103



Simulation of Downflow and Upflow Depth Filtration
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Abstract

The mechanistic simulator of depth filtration of non-Brownian particles in granular
beds, which was reported in Burganos et al., 2001, is upgraded and used to investigate
the effects of various filter design modes on particle capture efficiency and permeability.
The simulation covers all stages of deposition, including extensive pore clogging. The
design modes which are examined here are downflow and upflow, in combination with
either constant flowrate or constant pressure drop. It is shown that the direction of the
macroscopic flow relative to that of gravity has significant effects. Downflow filters clog
slower than upflow ones. It is also shown that the modulating functions, which give the
effect of the specific deposit on the filtration coefficient and the permeability, depend
on whether the flowrate or the pressure drop is kept constant. During the early stages of
deposition, the modulating functions are virtually the same for both modes of operation, but
in advanced stages of deposition substantial differences are observed. These differences
are afttributed fo the fact that when the flowrate is kept constant (at the expense of a
virtually monotonically increasing pressure drop), the flow is channeled through certain
connected pathways which are composed of relatively deposit-free pores. Such pores
are kept clean because the local interstitial velocity is high. This phenomenon is much
weaker or even absent when the pressure drop is kept constant, in which case the
flowrate decreases virtually monotonically. Another interesting new result is that both of

the modulating functions depend, weakly but noticeably, on depth.

Journal of the Chinese Institute of Chemical Engineers, 35(1), 87-100 (2004)
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Abstract

The mass transport problem from a Newtonian fluid to a swarm of prolate or oblate
spheroidal adsorbing particles under creeping flow conditions is considered here. The
spheroidal-in-cell model is used for the analytical description of the flow field within the
swarm. A redlistic adsorption-reaction-desorption mechanism is used to describe the
adsorption of mass on the particle surface, instead of the assumption of instantaneous
adsorption that has been adopted previously. The convective diffusion equation
accompanied by the appropriate boundary conditions is solved analytically for the case of
high Peclet numbers and numerically for the low ones. In both cases, analytical expressions
for the overall Sherwood number, the adsorption rate, and the mass fransport coefficient
were obtained. It was found that the adsorption rate is higher for oblate shapes and for
diffusional, instead of convectional, environments. Finally, the assumption of instantaneous
adsorption leads to values for the overall Sherwood number and the adsorption efficiency
that are 15-50% lower and 10-35% higher, respectively, than those obtained by using the

more realistic adsorption-reaction-desorption model.

AIChE Journal, 50(4), 779-785 (2004)
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Abstract

Many practical applications involve partficles (inorganic, organic, biological) with
non-spherical but still axisymmetric shapes. The present work is concerned with some
inferesting aspects of the theoretical analysis of Stokes flow in spheroidal domains. Two
different complete representations of Stokes flow are considered here. The first one is
obtained through the theory of generalized eigenfunctions, according to which the
stream function is expanded in terms of separable and semiseparable eigenfunctions.
The second one, valid in non-axisymmetric geometries as well, is the Papkovich-Neuber
differential representation, where the velocity and pressure fields are expressed in terms of
harmonic spheroidal eigenfunctions. Connection formulae are obtained for the case of
axisymmetric flows, which relate the spheroidal harmonic eigenfunctions of the Papkovich-
Neuber representation with the semiseparable spheroidal stream eigenfunctions. In the
case of axisymmetric spheroidal flows the Papkovich-Neuber approachis equivalent to the
Stokes stream function approach, but the three-dimensional representation offers certain
important advantages. Particle-in-cell models for Stokes flow through a swarm of particles
are of substantial practical interest, because they provide a relatively simple platform for
the analytical or semianalytical solution of heat and mass fransport problems. The early
versions of these models were concerned with spherical parficles. For this reason particle-
in-cell models for spheroidal particles were developed more recently. The flexibility of the
Papkovich-Neuber differential representation is demonstrated by solving the problem of
the flow in a fluid cell filing the space between two confocal spheroidal surfaces with

Kuwabara-type boundary conditions.

Quarterly Journal of Mechanics and Applied Mathematics, 57(2), 181-203 (2004)
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Abstract

Loose sand formations greatly reduce the efficiency of oil pumping from sandy soil
reservoirs. Studies of the in-situ deposition of calcium phosphate salts gave promising
results, which indicated that consolidation may be achieved through the formation of
salt bridges between sand grains. The formation of micron-sized platelike crystallites is
desirable for the achievement of maximum sand consolidation with minimal loss of fluid
permeability. In the calcium phosphate system, this crystal morphology corresponds to
the formation of octacalcium phosphate (Ca,H,(PO,),*5H,0, OCP). In the present work,
precipitation of calcium phosphate phases from supersaturated solutions on silicate sand
substrates was investigated. Because OCP is thermodynamically unstable, the conditions
at which this phase may be stabilized was studied with kinetics measurements in batch
reactors. Experiments were done in supersaturated solutions seeded with silicate sand over
the temperature range from 25 to 70 °C and initial solution pH values 6.0, 7.0, and 8.0. The
jionic strength adjusted with sodium chloride was 0.1 and 0.5 M; the solution supersaturation
was varied using different calcium and phosphate concentrations (2-20 mM). Clean, dry
sand with an average grain size diameter < 0.2 mm was used to seed supersaturated
calcium phosphate solutions to determine the influence of the sand grains on the kinetics
of formation of the precipitating phase and to investigate the extent of stabilization of
calcium phosphates less stable than the thermodynamically most stable hydroxyapatite
(Ca5(PO4)30H, HAP). A detailed parameftric study showed that the experimental
conditions of the supersaturated solutions determined the nature of the calcium
phosphates forming. Dicalcium phosphate dihydrate (CaHPO4¢2H20, DCPD) the least
stable thermodynamically crystalline form of calcium phosphate formed predominantly at
25 °C and initial pH values lower than 7.0. In the presence of sand grain substrates, DCPD
was stabilized to some extent even aft relatively high pH. At 50 °C, the formation of DCPD
was found fo result in a drop of the solution pH to 6.0. At 70 °C, however, no DCPD was
detected over the pH range investigated. OCP and HAP were the predominant phases at
50 and 70 °C both in the presence and in the absence of sand. Sand was found to favor
the formation of OCP at higher pH values. The ionic strength of the supersaturated solutions
adjusted with sodium chloride did not have any appreciable effect on the nature of the
calcium phosphate phases nucleated on the sand grains.

Crystal Growth & Design, 6(3), 675-683 (2006)
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Abstract

A fransparent porous medium of confrolled fractional wettability is fabricated by
mixing intermediate-wet glass microspheres with strongly oil-wet polytetrafluouroethylene
microspheres, and packing them between two transparent glass plates. Silicon oil is
displaced by water, the growth pattern is video-recorded, and the fransient response
of the pressure drop across the pore network is measured for various fractions of oil-wet
particles. The measured global capillary pressure fluctuates as the result of the variation of
the equilibrium curvature of menisci between local maxima and local minima. With the aid
of wavelets, the fransient response of the capillary pressure is fransformed to a capillary
pressure spectrum (CPS). The peaks of the CPS are used to identify the most significant flow
events and correlate their amplitude with the spatial distribution of fractional wettability.
The flow events are closely related with the fluctuations of the capillary pressure and
are classified intfo three main categories: motion in pore clusters, generation/expansion
of capillary fingers, coalescence of interfaces. The amplitude of the peaks of CPS is
related quasilinearly with a local coefficient of fractional wettability presuming that
the same class of flow events is concerned. Approximate calculations of the maximum
meniscus curvature in pores of converging-diverging geometry and uniform wettability in
combination with simple mixing laws predict satisfactorily the experimentally measured
average prebreakthrough capillary pressure as a function of the fraction of the oil-wet

particles.

Physics of Fluids, 18(5), Arficle Number: 053302 (2006)
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Abstract

The adsorption of the widely used herbicide atrazine onto three model inorganic soil
components (silica gel, y-alumina, and calcite (CaCO,) was investigated in a series of
batch experiments in which the aqueous phase equilibrated with the solid, under different
solution conditions. Atrazine did not show discernible adsorption on y-alumina (6=250C,
3.8<pH<12.1) or calcite (6=250C, 7.7<pH<11.7). Significant and completely reversible
adsorption from solutions was found for silica gel suspensions. The adsorption isotherms
obtained for afrazine uptake on silica gel particles were best fitted with the Freundlich
model. An increase of the ionic strength of the electrolytic solution induced an increase
of the surface concentration of atrazine on silica gel, indicating significant electrostatic
interactions between atrazine and silica gel particles, possibly through interaction with
the surface silanol groups of the solid substrate. Increase of the pH value of the electrolyte
solution from 6 to 9 considerably decreased the amount of atrazine adsorbed on the silica
gel substrate. Decrease of the solution pH from 6 to 3 had only a slight effect on the surface
concentration of the adsorbed atfrazine. The adsorption of atrazine on silica gel increased
when the temperature was decreased from 40 to 250C, an indication that the adsorption is
exothermic. The calculated enthalpy of adsorption (~10 kJ/mol) indicates that the uptake

at the solid-liquid equilibrium pH (6.1) was largely due to physisorption.

Journal of Colloid and Interface Science, 299(1), 88-94 (2006)
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Abstract

The growth kinetics of a bacterium of the strain Pseudomonas fluorescens, which
is indigenous in soil, has been investigated in bafch cultures and sand packs during
biodegradation of phenol. Batch experiments were conducted at 25 °C with four different
inifial concentrations of phenol for the estimation of the kinetic parameters. Phenol was
found to inhibit microbial growth and so Andrews’s model was used to describe the growth
rate. Growth kinetics in sand packs was studied in a series of eight virtually identical columns,
which were operated simultaneously under the same conditions and in a contfinuous flow
mode, with phenol as the sole carbon source. The idea of eight columns allowed monitoring
of biomass growth as a function of fime. Every 1 or 2 weeks, one column was drawn out of
the system and was “sacrificed” to measure the developed biomass in the porous medium.
The results indicated that growth of P. fluorescens in sand packs during biodegradation of
phenol was an intfensely dynamic phenomenon. Detachment of clusters of bacteria from
the sand grains was found to be one of the main processes taking place in such a system,

caused by a combination of low nutrient supply, oxygen availability and flow velocity.

Biochemical Engineering Journal, 30(2), 164-173 (2006)
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Abstract

A novel simulator of the tfranslational and rotational motion of rigid aggregates of
aerosol particles has been developed, taking info account the stochastic Brownian force,
gravity, and the hydrodynamic drag as functions of the size, overall shape and internal
structure of the aggregate. The simulator is used to determine the dynamics of aerosol
aggregates of various sizes, overall shape, and internal structure, in order to extract the
corresponding diffusion coefficient values. The diffusion coefficient is shown to be a strong
function of the number of particles forming the aggregate (N), as well as of the detailed
structure of the aggregate. It is found that for large values of N the “fractal dimension”
is a convenient parameter characterizing the internal structure of the aggregates with
roughly spherical overall shape. A key result is that the norm of the diffusion coefficient
tensor of such aggregates is much smaller than the values which are estimated using the
various “equivalent sphere” approximations. It should be noted that the new simulator,
in its present form, can also be used in cases of aggregates with virtually arbitrary overall

shape and non-uniform internal structure.

Journal of Aerosol Science, 37(9). 1081-1101 (2006)
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Abstract

The effect of four different polymers on the precipitation of calcium sulfate was
investigatedin the present work. The degree of inhibition was estimated from measurements
of the calcium ion activity and from specific solution conductivity measurements in the
supersaturated solutions during the course of the precipitation process. The effects of
polyacrylic acid (PAA, three different polymers with average molecular weight 2000, 50,000,
and 240,000, respectively) and of a co-polymer of PAA with polystyrene sulfonic acid (PSA,
average molecular weight <20,000) were investigated with respect to their effect on the
kinetics of spontaneous precipitation of calcium sulfate salts. The results of the kinetics
experiments suggested that the spontaneous precipitation from supersaturated calcium
sulfate solutions at 25 °C yielded exclusively calcium sulfate dihydrate (gypsum) bothin the
absence and in the presence of the polymeric additives. The induction times, preceding
the formation of the solid increased in all cases in the presence of the polymeric additives.
Polymer concentrations as low as 2.0 ppm increased induction time from practically zero
tfo 10 min. The rates of precipitation were reduced according to the solutions content
in the polymers added and precipitation was completely suppressed in the presence
of 6.0 ppm of the polymers tested, depending on their molecular weight. The lower the
molecular weight of PAA, the more efficient was the threshold inhibition and the stronger
the reduction of the rates of spontaneous precipitation. PSA yielded the poorest inhibition
efficiency in comparison with the PAA, possibly because of the relatively lower affinity of
the sulfonate groups for the calcium ions of the surface of the solid forming. The kinetics
results analysis assuming Langmuir-type adsorption of the polymeric molecules on the
growing supercritical gypsum nuclei showed different affinity for the polymers tested in
agreement with the respective inhibition efficiency, in the order: PAAT > PAA2 > PSA >
PAA3. The presence of the polymers in the supersaturated solutions resulted in modification

of the precipitated gypsum crystals morphology.

Journal of Colloid and Interface Science, 303(1), 164-170 (2006)
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Abstract

The precipitation of calcium carbonate as a binding salt for the consolidation of loose
sand formations is a promising approach. The heterogeneous nucleation and growth of
calcite were investigated in supersaturated solutions. The ionic activities in the solutions
tested were selected so that they included both supersaturations in which crystal growth
took place only following the intfroduction of seed particles and supersaturations in which
precipitation occurred spontaneously past the lapse of induction times. In the latter case
the supersaturation conditions were sufficiently low to allow the measurement of induction
times preceding the onset of precipitation. The stability domain of the calcium carbonate
system was established at pH 8.50, 25 °C, measuring the induction times in the range
between 30 min and 2 h. The rates of precipitafion following the destabilization of the
solutions were measured from the pH and/or concentration-time profiles. The induction
fimes were inversely proportional and rates proportional to the solution supersaturation
as expected. The high-order dependence of the rates of precipitation on the solution
supersaturation suggested a polynuclear growth mechanism. Fitting of the induction
fime—supersaturation data according to this model yielded a value of 64 mJ/m? for the
surface energy of the calcite nucleus. In the concentration domain corresponding fo
stable supersaturated solutions, seeded growth experiments at constant supersaturation
showed a second-order dependence on the rates of crystal growth of calcite seed
crystals. Inoculation of the stable supersaturated solutions with quartz seed crystals failed
to induce nucleation. Raising supersaturation to reach the unstable domain showed
interesting features: calcite seed crystals yielded crystal growth kinetics compatible with
the polynuclear growth model, without any induction time. The presence of quartz seed
crystals reduced the induction times and resulted in nucleation in the bulk solution. The
kinetic data in the latter case were consistent with the polynuclear growth model and
the surface energy for the newly forming embryo was calculated equal to 31.1 mJ/m?,

because of the dominantly heterogeneous nature of the process.

Journal of Colloid and Interface Science, 308(2), 421-428 (2007)
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Abstract

A new simulator is developed for the prediction of the rate and pattern of growth of
biofilms in granular porous media. The biofilm is considered as a heterogeneous porous
material that exhibits a hierarchy of length scales. An effective-medium model is used
to calculate the local hydraulic permeability and diffusion coefficient in the biofiim, as
functions of the local geometric and physicochemical properties. The Navier-Stokes
equations and the Brinkman equation are solved numerically to determine the velocity
and pressure fields within the pore space and the biofilm, respectively. Biofim fragments
become detached if they are exposed to shear stress higher than a critical value. The
detached fragments re-enter intfo the fluid stream and move within the pore space
until they exit from the system or become reattached to downstream grain or biofilm
surfaces. A Lagrangian-type simulation is used to determine the trajectories of detached
fragments. The spatiotemporal distributions of a carbon source, an electron acceptor
and a cell-to-cell signaling molecule are determined from the numerical solution of the
governing convection-diffusion-reaction equations. The simulator incorporates growth
and apoptosis kinetics for the bacterial cells and production and lysis kinetics for the EPS.
The specific growth rate of active bacterial cells depends on the local concentrations
of nutrients, mechanical stresses, and a quorum sensing mechanism. Growth-induced
deformation of the biofilms is implemented with a cellular automaton approach. In this
work, the spatiotemporal evolution of biofilms in the pore space of a 2D granular medium
is simulated under high flow rate and nutrient-rich conditions. Transient changes in the pore
geometry caused by biofilm growth lead to the formation of preferential flowpaths within
the granular porous medium. The decrease of permeability caused by clogging of the
porous medium is calculated and is found to be in qualitative agreement with published

experimental resulfs.

Advances in Water Resources, 30(6-7), 1648-1667 (2007)
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Abstract

An improved simulator for the transient behavior of horizontal depth filters, based
on the one-dimensional simulator published recently by the authors, is developed. The
need for a different approach in designing horizontal filters arises from the inherent two-
dimensional character of horizontal filtiration, since gravity causes a drift of particle motion
in a direction normal to the main flow, as opposed to the one-dimensional character of
upward or downward filfration. Calculation of horizontal and vertical filtration coefficients
is based on a new set of phenomenological equations which take into consideration
the two-dimensional character of the particle motion. This approach also considers the
motion of particle clusters that become detached from grain surfaces under the effect of
local shear stresses, become reentrained, and usually clog downstream and/or downhill
pores. Results are given in terms of the evolution of the specific deposit, the directional filter

efficiencies, and the directional losses of filter permeability.

Separation and Purification Technology, 56(3), 325-339 (2007)
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Abstract

The water krw and oil kro relative permeability curves of a glass-etched planar pore
network are estimated with history matching from transient displacement experiments
performed at varying values of the capillary number, Ca, for two fluid systems: one of
infermediate and one of strong wefttability. The transient krw, kro are compared to
corresponding ones measured with the steady-state method on the same porous medium
[Avraam DG, Payatakes AC. Flow regimes and relative permeabilities during steady-state
two-phase flow in porous media. J Fluid Mech 1995;293:207-36; Avraam DG, Payatakes
AC. Generalized relative permeability coefficients during steady-state two-phase
flow in porous media and correlation with the flow mechanisms. Transport Porous Med
1995;20:135-68; Avraam DG, Payatakes AC. Flow mechanisms, relative permeabilities, and
coupling effects in steady-state two-phase flow through porous media. The case of strong
wefttability Ind Eng Chem Res 1999;38:778-86.], and potential differences from them are
inferpreted in the light of the differences between the transient growth pattern, and the
steady-state two-phase flow regime. For intermediate wettability, the tfransient kro and krw
exceed the corresponding steady-state functions atlow Ca values and have the tendency
to become smaller than the steady-state ones at high Ca values. For strong wettability, the
fransient kro and krw are increasing functions of Ca, the fransient kro is higher than the
steady-state one, whereas the transient krw decreases substantially and becomes lower
than the steady-state one at low Ca values. The dynamic capillary pressure estimated
from transient experiments is a decreasing function of Ca in agreement with previous

theoretical and experimental studies.

Advances in Water Resources, 30(9), 1981-1992 (2007)
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Abstract

Anintegrated methodology is developed for the theoretical analysis of solute transport
and reaction in cellular biological media, such as fissues, microbial flocs, and biofilms.
First, the method of local spafial averaging with a weight function is used to establish the
equation which describes solute conservation at the cellular biological medium scale,
starting with a continuum-based formulation of solute transport at finer spatial scales.
Second, an effective-medium model is developed for the self-consistent calculation of
the local diffusion coefficient in the cellular biological medium, including the effects of the
structural heterogeneity of the extra-cellular space and the reversible adsorption to extra-
cellular polymers. The final expression for the local effective diffusion coefficient is: D =
)\BDAU, where DA is the diffusion coefficient in water, and )\B is a function of the composition
and fundamental geometric and physicochemical system properties, including the size
of solute molecules, the size of extra-cellular polymer fibers, and the mass permeability
of the cell membrane. Furthermore, the analysis sheds some light on the function of the
extra-cellular hydrogel as a diffusive barrier to solute molecules approaching the cell
membrane, and its implications on the transport of chemotherapeutic agents within a
cellular biological medium. Finally, the model predicts the qualitative frend as well as the
quantitative variability of a large number of published experimental data on the diffusion
coefficient of oxygen in cell-entrapping gels, microbial flocs, biofims, and mammalian

tissues.

Mathematical Biosciences, 210(1), 177-237 (2007)
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Abstract

Visualization experiments of rate-controlled immiscible displacement of oil by water
are performed on a model porous medium of controlled fractional wettability, fabricated
by mixing water-wet glass microspheres with strongly oil-wet polytetrafluoroethylene
microspheres and packing them between two transparent glass plates. The growth
pattern is video recorded and the fransient response of the pressure drop across the
pore network is measured for various fractions of oil-wet particles. The space-averaged
capillary pressure coincides to the pressure drop measured across the porous medium.
The oscillating transient signal of the capillary pressure is analyzed with multilevel wavelets
to produce the best level wavelet details or best level capillary pressure spectrum (BLCPS)
by minimizing the “entropy” of wavelet approximation. Invasion of water in oil-wet areas is
reflected in high-frequency and low-amplitude fluctuations of the BLCPS. Correspondingly,
invasion of water in water-wet areas is associated with low-frequency and high-amplitude
fluctuations of the BLCPS. The displacement growth pattern is reflected in the “energy”
and “frequency” of the BLCPS which along with the time-averaged capillary pressure are
correlated with two parameters quantifying the spatial variation of wettability over the
porous medium: the frontal wettability of the active interface of the fluids before each

invasion step and the regional wettability of the area invaded by the displacing fluid.

Physical Review E, 76(5), Article Number: 056304 (2007)
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Abstract

The formation of phosphorus containing sparingly soluble salts from supersaturated
solutions which may be formed at locations such as subsoil or in subsediment formations
consisting of loose sand is a promising alternative solution for attaining stabilization of
loose particulate systems. In the present work, we present a novel methodology for the
development of supersaturation by the release of phosphate through the hydrolysis of
polyphosphate substrates by phosphatase enzymes (acid and alkaline). The phosphate
released through the enzymic activity in the presence of excess of alkaline earth metals
concentrations are critical in developing the supersaturation needed for the precipitation
of the respective phosphate salt. In the present work, the methodology was demonstrated
by the precipitation of calcium phosphate and magnesium ammonium phosphate in
silicic sand and topsoil particulate samples. The rate of the enrichment of the solutfions with
phosphates and the extent of decomposition of the substrates (kinetic parameters) were
investigated as a function of solution pH, amount of enzyme, substrate concentration, and
temperature. pH increase was found to decrease the rate of total phosphates released
and the extent of hydrolytic decomposition in the presence of acid phosphatase. The
kinetic parameters were increased with increasing enzyme concentration. At pH = 7.50,
kinetics of polyphosphate hydrolysis increased with increasing enzyme concentration in
the presence of acid phosphatase. Above this pH, the enzyme activity was insignificant.
Hydrolysis rates increased with increasing substrate concentration for the case of alkaline
phosphatase only. Alkaline phosphatase was employed in solutions with pH values
between 9 and 10. Both the rates and the extent of hydrolysis increased with temperature
for both enzymes. In the presence of calcium ions in the hydrolysis medium, a mixture of
calcium phosphate dihydrate (CaHPO,*H,O, DCPD) and hydroxyapatite (Ca,(PO,),OH,
HAP) were obtained at the alkaline pH, which is optimal for the alkaline phosphatase.
In the presence of magnesium and ammonium ions, struvite crystals formed as soon
as critical supersaturation was achieved. In the presence of silicate sand, the rate of
substrate hydrolysis increased only in the presence of the acid phosphatase. Higher sand
concentrations however resulted in reduction of the rates and of the extent of hydrolysis. In
the presence of soil rich in silicates the activity of both enzymes tested was reduced.

Crystal Growth & Design, 8(4), 1390-1398 (2008)
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Abstract

Fluid-structure interactions strongly affect, in multiple ways, the structure and function of
cellular biological media, such as tissues, biofims, and cell-entrapping gels. Mathematicall
models and computer simulation are important tools in advancing our understanding of
these interactions, interpreting experimental observations, and designing novel processes
and biomaterials. In this paper, we present a comprehensive survey and highlight promising
directions of future research on theoretical modeling of momentum fransport in cellular
biological media with focus on the formulation of governing equations and the calculation
of material properties both theoretically and experimentally. With regard to the governing
equations, significant work has been done with single-scale approaches (e.g. mixture
theory), whereas traditional upscaling methods (e.g. homogenization, volume averaging)
or multiscale equation-free approaches have received limited attention. The underlying
concepfts, strengths, and limitations of each approach, as well as examples of use in
the field of biomaterials are presented. The current status of knowledge regarding the
dependence of macroscopic material properties on the volume fractions, geometry, and
infrinsic material properties of the constituent phases (cells, extracellular matrix and fluid) is
also presented. The observation of conformational changes that occur at finer levels of the
structural hierarchy during momentum transport, the correlation of macro-properties with
geometrical and topological features of materials with heterogeneous and anisotropic
microstructure, as well as the determination of dynamic material properties are among

important challenges for future research.

Mathematical Biosciences, 225(2), 83-93 (2010)
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