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Fig. 2. Both the continuum view of fluids
and the atomic picture lead to the Navier-
Stokes equations but not without approxima-

tions (dashed lines). The text emphasizes how
cellular-automaton models embody the essen-
tials of both points of view.



Mehanika fluida - ukratko

Posmatrani element X mora biti dovoljno

(1) veliki da molekularna strukutra moZze da se zameni kontinualnim modelima

(2) dovoljno mali da bi bio matematicki prihvatljiv

onda geometrijskih razmatranja + 95;-: A,dg=952 VA .dS & 9‘532 A dszj'z V.AdV

dobija se:

Sl af mass Mass

— pr——, . d e
$ pv-ds--o,[ pav-[ Vipv)av —— | 0,p+V{pv)=0  [JTHEIE
’ - - 2-0 kontinutieta
pritisak je sila na jedinicu zapremine
—jﬁazpd8=—szpdV dv 1 Eulerova
— »-Vpp——» ov+(vV)v=—-Vp | ..
dv -0 dt p jednacina
F=m a=J'T p——dV ‘
= dt |
\
|
\J
v 1 v v Navier-Stoksova
O,v+{v-V)v=--= vVVv |, ”
vHVV) p VP jednacina




t/ tree=100

Mehanika fluida - ukratko
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Pristup na malim skalama - ukratko
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Postoji 11 direktan prelaz
iz kontinualnih u estiCne

modele

molekularni:
- neravnotezna molekularna dinamika (NEMD)
- Monte Karlo (MC)

mezoskopski methodi:
- Bolcmanovu jednacinu na resetci (LB)
- braunovska dinamike (BD),

- disipativna Cesti¢na dinamika (DPD)

makroskopski metodi:

- hidrodinamika ujednacenih Cestica (SPH)
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Both the continuum view of fluids

and the atomic picture lead to the Navier-
Stokes equations but not without approxima-

tions (dashed lines). The text emphasizes how
cellular-automaton models embody the essen-
tials of both points of view.



Metod molekularne dinamike

r=v,

V_VV{ L;y..4T }

- 4

molekuli, atomi

V(ir,r, ,r,) ZZ(;(J|1‘ -r )
¢U<r)=4e(5 5)
r r

' Paulijev princip

van der Waals

o T
e

e,

metali, poluprovodnici

Z(gwr r)) <>)

i

@(p;):(bo Z rakFk((p;'_pdg_g-)k_(W(O)_pdﬁg)&)

k=24,...
lokalna gustina

wo(1+35—)(1-2—)

'Vc'm r('m‘

w(r)I:

1.6

™ T L ucy kernel

quintic spline kernel

pal
1.2 |

1L
0.8 |
0.6 |
0.4 |

0.2

0

0 0.5 1 1.5 2 2.5
'k



Metod molekularne dinamike

V(t)=2, 2. ¢(|r,(2)-1,(2)]) potencijalna energija

i j=i

K (f):é— Z m,|v,(1)[ kineticka energija

E(t)=K(t)+V (1)

K [r)zg—N k,T(t) temperatura

PV = Nkﬁr—%<z r,-F,) pritisak
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Metod molekularne dinamike
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Metod molekularne dinamike

* Microcanonical ensemble

isolated system

* . e(EVN

energy transfer not
allowed
E constant

* Canonical ensemble

heat reservoir T

* « o(TVIN)

energy transfer
allowed
T constant

fI')=exp(-H (I')1k,T)

potrebne su dodatne

jednacine



Metod molekularne dinamike

Nose-Hoover termostat
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Metod molekularne dinamike

periodi¢ni grani¢ni uslovi



Metod molekularne dinamike
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Mehanika fluida - ukratko
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Hidrodinamika ujednacdenih Cestica (SPH)
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Hidrodinamika ujednacdenih Cestica (SPH)
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Kako integrisati dve skale?
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Fig. 2. Both the continuum view of fluids
and the atomic picture lead to the Navier-
Stokes equations but not without approxima-

tions (dashed lines). The text emphasizes how
cellular-automaton models embody the essen-
tials of both points of view.




Kako integrisati dve skale?
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Kako integrisati dve skale?

300 1250
TSN — |  T=0.025, ab=1.75 ——
F,=1.0, F,=6. - T=0.030, a/b=1.75
250 Fy=10. Fy=12. —— - 5 T=0.040, a/b=1.75 -~ l
1000
E F)=0.5,F4=6. § T=0.040, a/b=2.50
:"E 200 v FZZOS, F4:12 E . ha,
g h ‘w"‘""\"".,‘l{»ﬂ*{\ ” g 7 5 0 | N, «_\l“ i .
5150 ) " 1 % h
E %_Ecoh"'o'S . jh‘. E 500
£ 100 ' “".l 1 8
" 250
50 . .
m“\Ecoh
0 o | | | | 0 | oN. 1 .\'”'“'r'—-—l-
0 1000 2000 300 4000 5000 0 500 00 1500 2000 2500 3000
time (L] units time (LJ units)
svstem  (atoms) | 1o (nm) Ele kgl [t (erg/em®) | P trof
embedded atoms (.24 3.45eV, 40kK 0.96 0.97 x 10 Hs
(8) 0.48 27.6eV 1.92 1.9 % 107135

embedded  (64) 0.96 0.2keV 3.83 40GPa | 3.9 x 1071
particles  (500) 1.92 1. 8keV 7.67 7.8 x 107 1%¢
(4000) 3.84 14keV 15.3 0.97 x 1071%s




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19

