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EX. de Sistema Simples
Equacao da Membrana

(Coordenadas Polares) A, =(1/c?) (A, +r'A +r?Ay)

A(t,r,0) € um deslocamento = uma solucao (EDO) para a variavel radial

Prova-se, analiticamente, que existe uma familia de funcdes que admitem
Solucdes do tipo:

S, (1,0 =J (b,,) cos(n6) (Fungdes Especiais de Bessel)

Onde n indica a quantidade de didmetros nodais e k a ordem da fungao.
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Abstract

In this paper, we analyze the onset of phase-dominant dynamies in a uniformly foreed system 03
The study is based on the numerical integration of the Swift-Hohenberg equation and adresses ‘;ﬁ\\\}
the characterization of phase disorder detected from gradient computational operators as complex
entropic form (CEF). The transition from amplide to phase dynamies is well characterized by
means of the vardance of the CEF phase component. (€ 2000 Elsevier Science BV, All rights
reserved,
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EQUATIONS:

*Two miscible different solutions in contact at t=0
*The density (p) or viscosity (1) depends on the solute concentration ¢
=» Darcy’s description: velocity field + convection-diffusion equation for ¢

@ The model is a two-dimensional porous medium or thin
Hele-Shaw cell of length L, and width L, containing a
stratification of two miscible solutions of species c.

@ The system can be described by Darcy’s law for the
velocity field u = (v, v) coupled to a convection-diffusion
equation for the concentration of species ¢ :

V-u=0 (1)

sy

Vp=—-Lu+pg @)
—u+ pg

ac 7
fft u- Ve =DV (3)
o
where the permeabiblity  and diffusion coefficient D are
constants, while p represents the pressure, p represents X
the viscosity and p represents the density.

@ Forviscous fingering formation : the gravity term is
neglected and the viscosity . depends on c.

@ For density fingering formation : the gravity field g is c=0
oriented along x and the density o depends of c. The
solution with concentration ¢ = 0 have density pg, where £y
po = o4, and the viscosity p is constant.

4. G. M. Homsy, “4nn. Aey. Huid Mach.” 19, 271 (1947} |—




Dimensionless equations

@ Using U as the characteristic velocity, it is possible non-dimensionalize the

governing equations using L = % as length scale and ~ = 17 as time scale.
@ Introducing the stream function «(x, ¥) such as v = f—f}f— and v = % and after
some algebra, we obtain the final dimensionless equations :
For density fingering : For viscous fingering :
"-T-"Et,b = W, (4) "-T-"Et,b = W (7)
W= Ha(cy), (5) w = R(cxix + Cyiby +Cy).  (8B)
ac ac
T Cxily — Cyx = V€ (B) T ey — Cyilx =V (9)

@ Analyzing the final dimensionless equations for both cases, we can see the
diffierence is in the term w{x. y).

@ This term for viscous fingering shows that the vorticity is generated by mobility
(concentration) gradients not perpendicular to the flow 1.

1. G. M. Homsy, “Ann. Rev. Fluid Mech.® 19, 271 (1887).




NUMERICAL SIMULATIONS:

*R=Ra=3 (canonical unstable case)

*Pseudo-spectral method (Tan & Homsy, Phys. Fluids 29, 3549, 1986)

*Periodic BCinxandy

*IC: =0 for all (x,y) and two back to back step functions between ¢=1 and ¢=0 with

c=1/2 + A.r withr [7(0,1) , A=noise amplitude
* Systems length: Lx=4096 and Ly=1024

*Spatial discretization uses a dimensioless ratio of 4 between the number of spectral modes

*Time discretization: 0.2 (0-2000)

@ The linear stability analysis for viscous fingering provide the dispersion curve
where the growth rate ~ of the perturbations as a function of their wavenumbe
k2

10 / o
o= _.:Hk — k%) — \/ k(k? —EHI{}] _

For times f > 0, solving numerically by taking the limit of f — 0, the growth
constant is maximum at f = 0 and decays with time.

@ The linear stability analysis for density fingering is obtained in a similar way 3

o= g (Ra — k — VKK + 2(R2)])
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The transverse average profile is given by

L,
ez, 1)) = Li D Ja:[::f.g,r.*t].ﬂlg,f
Y .

and correponds to standard curves computed in fingerings studies
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DATA ANALYSIS

Structural Measurements

*Mixing Length : L=distance between the tip and rear of the fingers
(spatio extent of the mixing zone)

s (le(zi)) — ()’ )

*Statistical skewness: S(t) = (Z (le(z;)) — (€))3/2

(scaling richness)

*Gradient Asymmetry Coefficient: GA = (Nc — Nv )/Nv

(coarsening and side-finger instability)



Gradient Pattern Analysis

\

(b)

No=16

9 ..
Ok o’
Zi e —  A(s)9[1.2,3,4,5,67,8.9]
1 ..
123456789
S
Ex. element i=1, j=1 Ex.: element i=2, =2
1 dx 2
L d=2-1=1
d=4-1=3
4= (4652 = 1

| d=[(5-2)+(8-5)2=3
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gradient lattice

Ng=17

Ex.: Elementar ramp

GA=(16-9)/9=0.7777
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In this case, the difference (I — L) will increase with L as follows:

lim (I — L)~ 2L. (1)

L—oo
Therefore, given a n X n size matrix, for which L ~ n?, the (I — L)/L ratio for a
big n, tends to 2. This asymptotic regime implies a very high aceuracy of the value
(I — L)/L to compare different matrices of the same size for L > 100.
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Table I: Average and standard deviation of asymmetry coeflicient for transversely concentration

profiles composed by 1024 points.

t |Ga+AGA (VF)|Ga+ AG (DF)

500 | 1.885 £+ 0.001 1.881 £ 0.001

1000} 1.935 £ 0.002 1.919 £+ 0.002

15001 1.960 + 0.002 1.946 + 0.002

2000( 1.968 + 0.003 1.956 £+ 0.003

Table II: Structural comparative analysis between density and viscous fingerings.

i |to.a(%) |\ Epr /Ty | Ap(%) | Aptmaz (%) (t) | FineStructures MPPD
L| 134 1.18 12.2 | 30.5(1700) Low mixing
S| 13.5 1.83 32.5 | 72.0(2000) None nonlinear coarsening
4| 15.5 0.98 12.5 | 26.5(1088) High side-finger instability
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APPLICATION 1: Space Physics

i)

Planeta g (m/s%) R, R, R,
Terra 09,7660 1 2 3
Mercurio 3,7000 | 037887 | 0.75773 | 1.13660
Vénus 88700 | 0,90825 | 1.81651 | 2,72476
Marte 3.6930 | 0,37815 | 0.75630 | 1,13445
Jupiter 20,8700 | 2,13701 | 4.27401 | 6.41102
Saturno 10,4000 | 1,006492 | 2,12084 | 3.19476
Urano 8,4300 | 0,86320 | 1.72640 | 2.58960
Netuno 10,7100 | 109666 | 2,19332 | 3,28009
Plutao 0,8100 | 0,08294 | 0,16588 | 0,24882
Lua (satélite natural da Terra) 16220 (,16600 | 033217 | 0493206
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APPLICATION 2: Environmental Sciences

B ESA 2002
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Gradient Spectra Analysis
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Characteristics measures for canonical time series and SAB.
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GRADIENT PATTERN ANALISYS IN STRUCTURE FORMATION
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where m is the mass of some cell, » is the average number
density of particles in a cell of size ¥, and &) is a correlation
function (Wuensche et al., 2004).
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