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Automodel (Ising model) and Monte Carlo as a
means of simulating wetting phenomena of
porous (fibrous) materials
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The word simulation comes from the Latin word simulare and its synonyms are
mainly related to medicine as pretending to be a healthy person.

Thus, the simulators imitate or pretend have gained great importance with the
advent of computer technology. In the field of computer technology, the term
simulation means imitation of a process or object by means of a mathematical
description.

The simulation allows you to explore changes in the behavioral behavior of an
object by changing input or other conditions to pretend its real behavior or form.




Automodel (Ising model) and Monte Carlo as a
means of simulating wetting phenomena of
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One method of this study was to use the Ising model [1, 2], which was originally designed

by Lenz to investigate the transition of ordered and disordered ferromagnetic state in 1920

3].

[1]IMANNA, S.S.- HERMANN, H.J. - LANDAU, D.P.: A stochastic method to determine the shape of a drop on a wall, Journal of Statistical

Physics, Vol.66, Nos. 3/4, 1992, 1155.

[2]De CONICK, J.- DUNLOP,F. - RIVESEAYV, V.: On the microscopic validity of the Wuelff Construction and of the generalized Young equation,

Commun. Math Phys. 121, 401 - 419 (1989)
[3]BRUSH, S.G.: History of the Lenz-Ising model, Reviews of modern physics, Vol.39,No.1,1967,83-893

1 4 5 |

6 b 10

1 14 15 |

G 18 20 |

21 | 2 | 24 | 25 |
|

Temperature: 1.5. MC moves: 0.
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Simulation (description)

The computer simulation used is based on a two-dimensional
or three-dimensional automodel (specifically a modified Ising
model) using Kawasaki kinetics and the Monte Carlo method.

Lukas, D., Kostakova, E., Sakar, A.: Computer simulation of moisture transport in
fibrous materials, Thermal and moisture transport in fibrous materials, edited by N. Pan
and P. Gibson, Woodhead Publishing Limited, Cambridge, pp. 469-541. ISBN-13: 978-
1-84569-057-1, 2006
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Simulation (description)

The computer simulation used is based on a two-dimensional or three-dimensional automodel (specifically a modified
Ising model) using Kawasaki kinetics and the Monte Carlo method.

1. Creating a two-dimensional or three-dimensional lattice composed of a finite number of elementary cells
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The computer simulation used is based on a two-dimensional or three-dimensional automodel (specifically a modified
Ising model) using Kawasaki kinetics and the Monte Carlo method.

Each cell is given an Ising Variable value a and what type of
environment it is supposed to represent in the initial configuration.

N

. Liquid a=1

gas a=0 . fiber a=2

If we look at the visual model, the value of Ising's variable COLOR cell (blue, white, black) is actually for us. In computer simulation, however, we move only in numeric matrices, and
thus individual cells are assigned their and - thus the values of the Ising variable (0; 1; 2) for resolution. Of course, colors and numbers may be different.
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Simulace (popis)

The computer simulation used is based on a two-dimensional or three-dimensional automodel (specifically a modified
Ising model) using Kawasaki kinetics and the Monte Carlo method.

In _the initial configuration, the real system is in an unbalanced state, and
during the simulation, the configuration associated with the system's energy
reduction is reshaped.

Computer simulation takes place in steps repeated until the simulation is completed. The simulation process ends
when a stable state is reached that should be the lowest energy state, although it must not be forgotten that if the
statistical temperature 1 is greater than zero, the system equilibrium may not be the minimum energy state ( thermal
contact between the system and the reservaoir).

It is a system and exchanges with the energy reservoir, particle exchange is
not allowed ==== CANONICAL SYSTEM (thermal contact)

(see Polymer Physics - p.168)



‘‘‘‘‘

ssssss

Simulation (description) — explanation of therms

The computer simulation used is based on a two-dimensional or three-
dimensional automodel (specifically a modified Ising model) using
Kawasaki kinetics and the Monte Carlo method.

Kawasaki kinetics

Kawasaki kinetics is related to the selection of cells in the Ising model.

Short Distance Kawasaki Kinetics -Kawasaki kinetics for short distances = selection of direct neighbors. The first cell is
selected randomly from the liquid gas interface and the other randomly from its direct neighborhood.

Long Distance Kawasaki Kinetics - Kawasaki kinetics for long distances = allows the selection of a second cell outside
the direct neighborhood of the first selected cell.
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Simulace (popis) — vysvétleni pojmu

Pouzita pocitacova simulace |je zaloZzena na trojrozmerném
automodelu (konkrétné modifikovaném Isingove modelu) s vyuzitim
Kawasakiho kinetiky a metody Monte Carlo.

Monte Carlo method

Metoda Monte Carlo pfedstavuje skupinu algoritmu pro simulaci systému. Je zalozena na vyuziti
nahodnych Cisel. Metoda Monte carlo je zalozena na provadéni nahodnych pokust s modelovym
systémem a s jejich vyhodnocenim.

Metoda vyuziva generator pseudonahodnych Cisel.

Metoda Monte Carlo je v Isingové modelu vyuzivani k vzorkovani podle podminek Kawasakiho
kineticky a k rozhodovani o zméné konfigurace souvisejici se teplotnimi fluktuacemi systému.

Pseudorandom numbers are numbers creating a succession, which appears to be random, but in reality these numbers are generated by
deterministic algorithm. The prefix pseudo- is used for separation this type of random numbers from “real random” numbers, which rising as a
random physical processes results. This thesis used the word “random” but with the “pseudorandom” meaning.
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Pouzita pocitacova simulace je zaloZena na trojrozmérném automodelu (konkrétné modifikovaném Isingové modelu)
s vyuzitim Kawasakiho kinetiky a metody Monte Carlo.

4. Krok pocitacové simulace
Simulacni proces probiha v nasledujicich krocich:

1) Z rozhrani kapalina-plyn je vybrana jedna burika obsahujici kapalinu a jedna bunka obsahuijici plyn.

Je spocitana jejich energie E ;.
2) Buriky vybrané v bodé 1 si vymeéni své pozice — systém vytvori novou konfiguraci.
3) Je spocitana energie systému v nove konfiguraci E,,.

4) Rozdil energii systému pred a po vymeéne bunék je AE=E,-E ;..

Dale je nutné postup rozdélit do dvou postuptl dle volby velikosti teploty T v Isingové modelu.
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Simulace (popis)

Pouzita pocitacova simulace je zaloZena na trojrozmérném automodelu (konkrétné modifikovaném Isingové modelu)
s vyuzitim Kawasakiho kinetiky a metody Monte Carlo.

Krok pocitacové simulace
Simulacni proces probiha v nasledujicich krocich:

1) Z rozhrani kapalina-plyn je vybrana jedna burika obsahujici kapalinu a jedna bunka obsahuijici plyn.

Je spocitana jejich energie E ;.
2) Buriky vybrané v bodé 1 si vymeéni své pozice — systém vytvori novou konfiguraci.

3) Je spocitana energie systému v nove konfiguraci E,,.

)
4) Rozdil energii systému pred a po vymeéne bunék je AE=E,-E ;..
)

5) Rozhodnuti

VYPOCET ENERGIE BUNKY
Energie jedné elementarni bunky i mozné
vyjadrit v simulaci takto:

N.
E; =22, G
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Simulace (popis)

Pouzita pocitacova simulace je zaloZena na trojrozmérném automodelu (konkrétné modifikovaném Isingové modelu)

s vyuzitim Kawasakiho kinetiky a metody Monte Carlo.

VYPOCET ENERGIE BUNKY

Energie jedné elementarni bunky i mozné
vyjadfit v simulaci takto:

N.
E; =22, G

Nataveni vyménnych energii (interakCnich
energii C; (i-je index vybrane bunky a j je
index bunky z jejiho okoli).
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Simulace (popis) vypocet energie

Energie jedné elementarni bufiky i mozné
vyjadrfit v simulaci takto:

N,
E, =C,z, +ZCZ.].

j=

liquid

a=1

Celkova energie systému se vypocita jako
soucet energii vSech elementarnich bunék.
Celkova energie muze mit dvé slozky.
Gravitacni slozka energie je charakterizovana X
gravitacni konstantou C, a jeji velikost zavisi na

pozici bunky v mrizi vzhledem ke svislé ose z.

Cim vy3si je hodnota soufadnice z, tim vy3si je
gravitacni energie G; buriky i:

y
solid - fiber

a= 2

G :Cg-zi,

Gravita¢ni energie je pocitana jen pro
kapalinové buriky.



‘‘‘‘‘

ssssss

Simulace (popis) vypocet energie

Energie jedné elementarni bufiky i mozné
vyjadrfit v simulaci takto:

N,
E = ngl. +ZIC’7
J:

DalSi slozka energie souvisi s interakcemi v
nejblizSim okoli i-té bunky. V okoli kazdé
bunky se mohou nachazet tfi typy prostredi.
Podle povahy koheznich a adheznich sil se
bude cely systém chovat. Intenzita koheznich
a adheznich sil a vzajemného pusobeni mezi
dvéma sousednimi burfikami je dana
hodnotami tzv. vymenné energie C;;, kde i je
index vybrané bunky a j je index bufiky z jejiho
okoli.

2D

3D

y

liquid
a=1

solid - fiber

a= 2
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Simulace (popis)

Postup simulace — krok simulace - MCS (1/2)

- Nahodny vybér dvou bunék z rozhrani
kapalina — plyn (jedna obsahujici kapalinu a
druha obsahujici plyn)

- VypocCet celkové energie systému

N N N N;j
Epred :2Ei :Cg;Zi -I-Zl: 1ZCIJ
i= i= i=1 j=lji#]j

A

- Pozice bunék jsou vyméneny

- Opétovny vypocCet celkové energie systému
N N N

N
EpoZZEi :ngzi +Z ZCU
i=1

i=1 i=1 j=lji#]

liquid
a=1

solid - fiber

a= 2



Simulace (popis)

"
1

|
Il
'
o
-

Pouzita pocéitacova simulace je zaloZena na trojrozmérném automodelu (konkrétné modifikovaném Isingové modelu)
s vyuzitim Kawasakiho kinetiky a metody Monte Carlo.

Krok pocitacové simulace - rozhodnuti

T=0

6) Je nutné porovnat velikost energii pfed a po vyméné bunék. Jestlize vyména bunék zplsobila snizeni
energie, tedy (E,;.s>E,,) jedna se o zmeénu zadoucim smérem do energeticky vyhodnéjsi konfigurace.
Buriky dale zlstanou ve svych novych pozicich. Simulace pokracuje dale znovu od kroku 1.

Pokud vyména bunék zpUsobila naopak zvyseni energie (E;4<E,,) jedna se o zménu nezadouci. Buriky se vrati
zpét do svych pavodnich pozic a simulacni proces zacind znovu od bodu 1.
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Simulace (popis)

Pouzita pocéitacova simulace je zaloZena na trojrozmérném automodelu (konkrétné modifikovaném Isingové modelu)
s vyuzitim Kawasakiho kinetiky a metody Monte Carlo.

Krok pocitacové simulace - rozhodnuti

T=0

6) V simulaci je zavedena teplota rtznd od nuly. Pokud pfi porovnavani energii pred a po vyméné bunék bylo
zjisténo, Ze vymeéna bunék vedla ke sniZeni energie systému (E;.>E,,) , jedna se 0 zménu zadouci. Buriky tedy
zUstavaji na svych novych pozicich a simulace pokracuje déle znovu od bodu 1.

Zména oproti simulaci s nulovou teplotou nastava pokud bylo zjisténo, Zze po vyméné pozic bunék doslo

k narastu energie (E;4<E,,) . V tomto pfipade je tfeba zavést dalsi rozhodovaci kritérium zaloZené na
poznatcich staticke fyziky. Tedy plati-li, Ze E4<E,, rozhodovani zda burky zistanou Ci nezistanou na svych
novych pozicich je ddno prechodovou pravdépodobnosti P vychazejici z Boltzmanova faktoru (Fyzika
polymert str. 173-174.

AE
P =exp(-=5)

kde 7= Tk je statistickd teplota, k je Bolzmanova konstanta, T je termodynamicka teplota.
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Pouzita pocéitacova simulace je zaloZena na trojrozmérném automodelu (konkrétné modifikovaném Isingové modelu)
s vyuzitim Kawasakiho kinetiky a metody Monte Carlo.

4. Krok pocitacove simulace prechodova pravdépodobnost pro E;.4<E,,tedy AE=E,, -E ., >0
P=1 if AE<O
P=exp[-AE/t] if AE>0

T#0

10

AE/T

Dale je vygenerovano nahodné Cislo z intervalu (0,1). V pfipadé, Ze toto nahodné Cislo je mensi nez
pravdépodobnost pfechodu bunék P, zlstavaji buriky na svych novych pozicich. Je-li ale nahodné
Cislo vétsi nez prechodova pravdépodobnost P, vraci se bunky zpét na sva puvodni mista. Proces
pokracuje znovu od bodu 1.
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Simulace (popis)

Postup simulace — ukonceni simulace

- Simulace je ukonCena pokud systém dosahne
rovhovazného stavu (celkova energie systému se
pohybuje okolo konstanty na minimalni hodnote.

- Simulace je ukoncena po urcitém poctu MCSPS
dle uvazeni experimentatora.

MCSPS = MCS/N
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Simulace (popis)

Postup simulace — ukonceni simulace

- Simulace je ukonCena pokud systém dosahne
rovhovazného stavu (celkova energie systému se
pohybuje okolo konstanty na minimalni hodnote.

- Simulace je ukoncena po urcitém poctu MCSPS
dle uvazeni experimentatora.

MCSPS = MCS/N



Temperature: 1.5. MC moves: 0.
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Postup simulace — vystupy ze simulace

2D grafické vystupy




Simulace (popis)
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Postup simulace — vystupy ze simulace

3D grafické vystupy

Charvat, R., Kostakova, E., Lukas,
D.: Computer simulation and
modeling of Liquid droplets
deposition on nanofibers, 7t
international conference — TexSci
2010, Liberec, Czech Republic,
pg.103-108 ISBN:978-80-7372-
635-5



Simulace rovnovaznych stavu

Simulace - Rozhrani kapalina-plyn pfi riznych teplotach
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Simulace rovnovaznych stavu

Simulace - Rozhrani kapalina-plyn pfi riznych teplotach

Odhad kritické teploty

Odhad termodynamické teploty T odpovidajici urcité statistické teploté r systému.
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The critical temperature is 7, = 438 e.u.

For additional simulations introduced in this
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thesis the statistical temperature =30 is
used as a thermodynamic temperature
corresponding with water temperature about
T=10°C



Simulace rovnovaznych stavu

Simulace — Kapka na rovhém substratu

POCATECNI STAV

o e .

JAK DOSAHNOUT ZMENY NASTAVENI
KONTAKTNIHO UHLU MEZI KAPALINOU A
PEVNOU LATKOU?

KONECNY STAV

o[l

Final graphical output
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Simulace rovnovaznych stavu

Simulace — Kapka ve vlakenném materialu o riznych orientacich vliaken

Orientation Outputs of computer
¢ C ol fibers  simulation - alisystems - liquidbodies.
random
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80°

(&)

45°

OO



Simulace rovnovaznych stavu

Simulace — ,Zahady“ ve smaceni vlakennych materiall

6= 180°

Kapalinové téleso umisténo dovniti viakenného materialu — Initial states

Objemny vlakenny material

Tenky vlakenny material




Simulace rovnovaznych stavu

Simulace — ,Zahady“ ve smaceni vlakennych materiall

6= 180°
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Simulace rovnovaznych stavu

Interaction energies are symmetric functions of their two variables E(x;, x;) = E(x;, x;) and represent the energies belonging to mutual interaction of
neighbouring nodes i and j where random variables X; and X; have values x; and x;
Interaction energies E(x;, x;) in (e.u.) Gasx; =0 Liquidx; = 1 Fibre x; = 2
Gasx; =0 —40 —10 20
Liquid x; = 1 -10 —26 —10
Fibre x; = 2 20 —10 0
a
=
= 3 3 3
S S
b
5 Lu.

MC§P§| 7\ Z{?\ g dmplemo

Fig.2. (a)The original longitudinal and cross sectional configurations of the liquid coated fibre; the cubical simulation box of lattice-nodes has dimensions
of N = Nx x Ny x N; = 6001.u. x 20Lu. x 20L.u. = 24 x 10* (L.u.)?. (b) Detailed cross sectional shape of the original liquid layer on a fibre and the

liquid nodes distribution along the fibre axis after the detachment into individual unduloids at the time of MCSPS=20,000
D. Lukas, N. Pan, A. Sarkar, M. Weng, J. Chaloupek, E. Kostakova, L. Ocheretna, P. Mikes, M. Pociute, E. Amler, Auto-model

based computer simulation of Plateau—Rayleigh instability of mixtures of immiscible liquids, Physica A

(2010),d0i:10.1016/j.physa.2010.01.046,



Simulace rovnovaznych stavu

S5 lu. Liquid film W Liquid jet
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Fig. 3. The time versus the droplet numbers for (a) the liquid coating the fibre; (b) the pure liquid jet. Unduloids on the fibre merge and those, which
disappeared, are marked in grey.

D. Lukas, N. Pan, A. Sarkar, M. Weng, J. Chaloupek, E. Kostakova, L. Ocheretna, P. Mikes, M. Pociute, E. Amler, Auto-model
based computer simulation of Plateau—Rayleigh instability of mixtures of immiscible liquids, Physica A
(2010),d0i:10.1016/j.physa.2010.01.046,



Simulace rovnovaznych stavu

Vysledky simulace nasavani kapaliny do textilie. Kapalina je nasavdna od spodniho okraje vzorku. Vzorky sviraji s
vertikalni osou uhly 0°, 45° a 90°. Obrdazky vrchni zachycuji vysku nasaté kapaliny do textilie, obrazky spodni jsou
pricné fezy textilii ve tfetiné jeji vysky a ukazuji nasavani kapaliny uvnitf textilie.

Lukas, D., Soukupova, V., Pan, N.,Parikh, D.V.: Computer simulation of 3-D

Liquid Transport in Fibrous Materials, SIMULATION,
Vol. 80, Issue 11, November 2004 547-557



Simulace dynamiky smaceni

Simulace primarné pro sledovani rovnovaznych stavd, coz je teoreticky i
prakticky jednoznacCné prokazano.

Je mozné pouzit tento ,nastroj” i pro sledovani
dynamickych jevli smaceni?

Manna, S., S., Herrmann, H., J., Landau, D.,P.. A Stochastic Method to Determine the Shape of a Drop on a Wall,
Journal of Statistical Physics, Vol. 66, No.3/4, 1992

PRVNi UKAZALI, ZE ZREJME LZE V URCITYCH PRIPADECH MODELOVAT DYNAMICKE JEVY



