IIPOZOMOIQZEIY AIEPTAYXIQN

YE ITOAYIIAOKA XYZTHMATA

[.II.T.A
E.K.E.®.E. Annoxkpitog

9 Maptiou 2009



Toueig evéra@epoviog tTne opadag
YnioAoylotikég pEOo0do1 - Aoylopiko

Xapakinplopog oung ouvlet®v VAIKGOV
Wnelakn avakataokeutr] ITOAUTTAOK®V OUCTIATOV

MeAstn Oiepyaoimwv 1oopportiag (Kupiwg Ospuoduvamikn O1ermeavei®v)
Density Functional Theory (DFT)
Simulated Annealing (SA)
Monte Carlo oto MeyaAo Kavoviko Ztatiotiko Xuvolo (GCMC)

MeAstn Suvaukwv dicpyaolwv (Letagopd 1alag Kat opung, ayeayipotnta)
Ap1OunTikr ermiAuon @V O1aPOPIK®WV ES10WOERDV
Tuxaiog repirtatog
Mopiakr) duvapikr) (MD)
MeBobog Lattice-Boltzmann (LBM)




Toueig evéra@epoviog tTne opadag
YnioAoylotikég pEOo0do1 - Aoylopiko

XapaKInetopog 60ung ouvoleT®V UAK®OV
Wnelakr) avakataokeUr] MOAUTTAOK®V OUCTAT®V

MeAgtn Oiepyaoimwv 1oopportiag (Kupiwg Ospuoduvamikn O1ermeavei®v)
Density Functional Theory (DFT)
Simulated Annealing (SA)
Monte Carlo oto MeyaAo Kavoviko Ztatiotiko Xuvolo (GCMC)

MeAstn Suvaukwv dicpyaolwv (Letagopd 1alag Kat opung, ayeayipotnta)
Ap1OunTikr ermiAuon @V O1aPOPIK®WV ES10WOERDV
Tuxaiog repirtatog
Mopiakr) duvapikr) (MD)
MeBobog Lattice-Boltzmann (LBM)




Wn@laki avaKATaoKEUT] TOAUNMAOK®OV CUCTNRATKOV

e JT0XAOTIKY] AVAKATACKEUT)

o AvakaraokKeun UE TPOOOUOIWON TG OnuioUpylag Tou CUVOETOU OUCTHLATOC

o AvaKaraokeur) O atouiky — nopiaxkn kKdiuarxa



Wn@laki avaKATaoKEUT] TOAUNMAOK®OV CUCTNRATKOV

e JT0XAOTIKY] AVAKATACKEUT)

o AvakaraokKeun UE TPOOOUOIWON TG ONUioUpYylag Tou CUVOETOU OUCTHILATOC

o AvakaraokKeun O€ atoulky — popiaxt] kAinaxa



ZTOXAOTLKI] AVAKATACKEUT)
IIp00610p1OPOG TOV CTATIOTIKOV 1810THTOV

NSTp, ovia Mikpockomio 1.0-
f _
, ] (Z(x)—-¢e)(Z(x+u)—¢)
Axtivec-X 0-81 R (w)-! ) 8_(52 )S-o)
5 06
- N
» @ 04-
0.21
Z(X) ool
v, 5 - 0 100 200 300 400 500
I -0.2-

L]
107 *e, L ~ {\-s 1Y,
1 < 'b;h‘é
10 %, g J A




ZTOXAOTLKI] AVAKATACKEUT)

Z(x,y,2)

KupwAia (CaCO,)
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Ilpocopoiwon npooponong (DFT)
Erev0epn evépyelo cuvaptiioel g mokvomag F({p, })
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Katavopun $1a@opeTIROV (pACERDV 0TV Nopwon donur)
EAaxiotonoinon tng dienupavelaxng eAeubepng eveépyelag

» EmmAoyn apxIkng Katadotaong

=

old

» AAAayr @aong dUo Tuxaiwv BEcewv

new

Gy = Z Ay, = F

» av AE<0, n véa dtoudpemon givol omodekt

» av AE>0, n véa dtopopemon givorl omodektn pe mbovotnro,

P(AE) = exp{— ;EJ

ref
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A.Galani, M.Kainourgiakis, E.Kikkinides, Th.Steriotis, A.Stubos, A.Papaioannou Colloids and Surfaces A, 300 169 (2007)
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IIpocopoicwon GCMC

Anuovpyia
P, =min{l,exp(-AE__ /kT +In(zV/N +1))}

Koataotpo1)
=min{l,exp(-AE, _ /kT +In(N/zV))}

Pm—sn

Merakivnon
=min{l,exp(-AE, , /kT)}

Pm—sn
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M.Konstantakou, Th.Steriotis, G.Papadopoulos, M.Kainourgiakis, E.Kikkinides, A.Stubos, Applied Surface Science, 253, 5715 (2007)
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N. Papadimitriou,l. Tsimpanogiannis,C.Peters,A.Papaioannou,A.Stubos, J. Phys. Chem. B, 112, 14206 (2008)
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I810tnteg peta@opag
(EuvteAeotng 61axXuong KAl OUVIEAEOTIC AYWYLHOTHTAG)

AloyvtotnTo J=-DVec

H\extpikn| ayoypotra J=-GVU

Awmepatotnra
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IIpoodloplopog ouvieAsotr) Siaxuong (tuxaiog nepinatog)

Lattice Off Lattice
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IIpocopoioon IHeipopa
Yvoocmpevon ocarpav (e=0.41) 0.25 0.25
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M.E. Kainourgiakis, E.S. Kikkinides, A.K. Stubos, J. of Porous Materials, 9, 141 (2002)
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I610tnteg petagopag (6ranspatotnta)
H né0odog Lattice Boltzmann

Al0Kp1LTOTOINGN TOL YOPOL Kl TNG TAYVTNTOS

D3Q19 D2Q9




I810tnteQ petagopag
H ne0odog Lattice Boltzmann

J;(x1) =KAdopo popiov tov pevotod otn BEon X
TOL KvouVTaL 6TNV Katevbuvon e,

fl.(x+el.,t+1)—fl.(x,t):—l[ﬁ.(x,t)—fi"q(x,t)] + F,
T

f;eq(xat) = Wi,O(X,Z)|:1+3el. 'u-l-—l-%(ei .u)2 _%u2:|

MoKpOGKOTUKEC 1O1OTNTEC

v = %(r -0.5)  1fwdec

p(X,1) = Zq: fi(x,t) TwOKVOTHTO,

i=0

u(x,r)=

q
p(i > Y e fix,r) TOXVTHTO
’ i=0



IIpoodloplopog tng Sranepatotnrag Darcy

k
(v)===-Vp
u
Awameparotnra Darcy
[Topwoeg k (m?) vTOAOYIGHOC B oypapia

2VGGMPEVCT) GPULPDV 0.41 4.3%x10°1° 4-5x10-1? (Blake — Kozeny)
"Yalog Vycor 0.28 7.8x10-20 4-10 x1020
Kipoiio 0.383 4x10°15 4x10°15
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J. Psihogios.M.Kainourgiakis,A.Yiotis,A.Papaioannou,A.Stubos, Transport in Porous Media, 70, 279 (2007)



Alwpaolrn porn

fi(x+e,t+1)— f.(x1) :—%[fl.(x,t)—fi“’(x,t)] +F,

F =—[V(R, - pRT )]+ |kpVV?p |+ G

Auvauik: yayyAiov

AotaBs1a Rayleigh - Taylor

A.Yiotis,J.Psihogios,M.Kainourgiakis,A.Papaioannou, A.Stubos, Colloids and Surfaces A, 300, 35 (2007)
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fl.(x+el.,t+1)—fl.(x,t)=—l[fl.(x,t)—fl.“’(x,t)] + F
T

F =VpRT — pV(u, — V% p)=VpRT - pV

RTInp RT
H= +
I1-bp 1-bp

—2ap—xV’p

_ 1 2
K=-¢ L rPu_ (r)dr
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a= ) I u, (r)dr
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E.Kikkinides,A.Yiotis,M.Kainourgiakis,A.Stubos, Phys. Rev. E, 78 036702 (2008)
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IIpoopopnon C;H;/CsDg 0 peconopwdn SiO,,
vV =0.5 10%3

-0.2- u(R)

M. Kainourgiakis,Th. Steriotis,E.Kikkinides,G.Charalambopoulou,J.Ramsay,A.Stubos, Chemical Physics, 317, 298 (2005)



IIpoopopnon C;H/CgDg o peconopwdn SiO,
VvV =0.2 10%3

10°

M. Kainourgiakis,Th. Steriotis,E.Kikkinides,G.Charalambopoulou,J.Ramsay,A.Stubos, Chemical Physics, 317, 298 (2005)



ZTOXAOTLKI] YN PLAKI] AVAKATACKEUT)

2VVEMEN LE TOV KATAAANAO TUPTVAL O 000G TPOKVTTEL
amo TNV TEPOUATIKE TPOsoopopevn R (u) (A)

Y(x,y,2) = jjjK(x—x’,y—y’,z—z’)X(x’,y’,z’)dx’dy’dz’

—00—00—00

Duktpdpiouo ®oTe T0 d1oKP1Td TEdi0 OV B TPOKVYEL (B)
va, £xel KAAoua TS @dong 1 160 e 10 mopmoeg

y
1 if Qo) j e Pdr<e
Z(x,y,2)= 2

0 if (2n)"? j e Pdt>¢

—00

Z(x,y,2)




Ilpocopoiwon npooponong (DFT)

EAe0Bepn evépyela GuVOPTNOEL TG TUKVOTNTOGC

1
({pz}) kTZ[pi lnIOi +(77i —,Oi)ln(ﬂi _pi)]_wﬂ%:pipj _Wmf%:[pi(l_nj)"'pj(l_ni)]

Q{p,})= ﬂZ p, = p= d

MeydAo duvopikd EAayiotonoinon og mpog to p,

1+exp{—le[,u+zj/i(wﬂpj +wmf(1—77j))]}



Alobraoctateg Topeg vadou Vycor

AlodidoTaTn Toun
Ewoéva TEM NG OVOKOTOOKEVAGUEVTG OOUNG




Ixetikn Swanepatotnta He

1.0 ¥ Experiment 1.0 ¥ Experiment
0.8+ 0.8
o = - =
1qv=100, 1,,=30, 15 =70 | A yg=2,  yy=Tl, 1g =t
0.64 A rgv=2, =1 =T 0.64
m J m J
- 0.4+ a 0.4-
0.2 0.2-
0.0 . . . - . 0.0 .
0.0 0.2 0.4 0.6 0.8 1.0 0.0 1.0
VS
'YaAog Vycor Kepapikrn pepfpavn apyliiag

M.Kainourgiakis, E.Kikkinides,G.Charalambopoulou,A.Stubos, Langmuir, 19, 3333 (2003)
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