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EX. de Sistema Simples
Equação da Membrana
(Coordenadas Polares) Att = (1/c2) (Arr + r-1 Ar + r-2 Aθθ )

A(t,r,θ) é um deslocamento  uma solução (EDO) para a variável radial

Prova-se, analiticamente, que existe uma família de funções que admitem
Soluções do tipo:

Sn,k (t,r,θ) = Jn(bn,k) cos(nθt)  (Funções Especiais de Bessel)

Onde n indica a quantidade de diâmetros nodais e k a ordem da função.



Att = (1/c2) (Arr + r-1 Ar + r-2 Aθθ )
(Systems 2d+1 ;   1d+1)
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EQUATIONS:

•Two  miscible different solutions in contact at t=0
•The density (ρ) or viscosity (µ)  depends on the solute concentration c
 Darcy´s description:  velocity field + convection-diffusion equation for c





NUMERICAL SIMULATIONS:

•R=Ra=3 (canonical unstable case)
•Pseudo-spectral method (Tan & Homsy, Phys. Fluids 29, 3549, 1986)
•Periodic BC in x and y 
•IC: ψ=0 for all (x,y) and two back to back step functions between c=1 and c=0 with
      c=1/2 + A.r  with r ∈ (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)

Structural Measures on
Averaged Profiles





“Bilateral asymmetry”



DATA  ANALYSIS

Structural Measurements

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

•Statistical skewness:  

                                          (scaling  richness)

•Gradient Asymmetry Coefficient:     GA = (Nc – Nv )/Nv

               (coarsening and side-finger instability)



Gradient Pattern Analysis

Ex.: Elementar ramp 

GA=(16-9)/9=0.7777
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RESULTS







APPLICATION 1:  Space Physics





APPLICATION 2:  Environmental Sciences



Fig. 1. Bursting oscillations observed in the hemin - 
hydrogen peroxide – sulfite reaction system. 
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Gradient Fluctuation Spectrum
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GRADIENT PATTERN ANALISYS  IN STRUCTURE FORMATION 
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