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Multiphysics problems: multispicies plasmas, poroelasticity, granular flows, surface tension,
mixtures + electrodynamics, dispersive solids (metamaterials), etc.

We need to rely on first principle approaches: Pa =My J fo dey

©® Homogenization/averaging techniques
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Moments method for gas mixtures (Gupta, Torrilhon, 2015, 10.1098/rspa.2014.0754)
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Why variational formulation for mixtures (Stationary Action Principle)?

Many classical theories admit it:

@ General Relativity
® Electrodynamics

@® Fluid and Solid mechanics
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Naive idea:
X =X10, X2=X(x) SIX;,X]= f L(X1,X5,0,X1,0,X2, VX1, VX)) dxdt

SHTC approach:
X=Xx), o¢x® SX¢l= f L(X,9,0.X,0,p,VX,V)dxdt

0t = U1 — pp chemical potential Euler-Lagrange:
0Ly

V¢ = v) — v, relative velocity 3
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Governing equations

Variational formulation:
0;p+V-(pv)=0 E=E(01,51,..) + E2(02,82,...) +...
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0wa+V(wg-v+Ey)+(Vxwg) xv=-1,4 W,=UV,—UN

Ferrari et al, JCP, (2025)
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Computational examples immiscible mixtures

A three-phase flows (gas, liquid, solid)
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Our topics( Romenski, Dumbser, Pavelka, Zanotti, Boscheri,...)

@ Multicomponent mixtures

® Poroelasticity

® Multicomponent plasmas with full electrodynamics
O General relativistic flows

® Hyperbolic relaxation systems

@® Thermodynamic consistency

@ Variational and Hamiltonian structures

@ Structure preserving integrators
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