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For isotropic elasticity:
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For isotropic elasticity, we have the spatial flux matrix as,
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DG_course\Papers\Fluxes\Hyperbolic\Interface_Matching_condition

3

[ ] [pb'] 0 00 1p 0 0 000
v, pb? 0 00 0O 1/p 0 00O
vs pb’ 0 00 0O 0 1/p 000
s 0 4210 0 0 0O 0 00O
q:=[8"|. R=]| ¢ Aii=—| 0 w0 0O 0O 0 00O (4)
s® 0 0 0Oumw 0 0O 0 000
S% 0 Jj 00 0 0 0 000
Cre 0 0 00 0O O 0 00O
|5 0 /00 0O 0O 0 00 0]

Fig. 3. Riemann problem, projected into the ,~t plane, for distinct initial data on opposing sides, + and —, of the trajectory I” of a generic material interface
in 2d ~ time. By convention, the ¢,-direction in the local coordinate frame (£, t) aligns with the outward spatial normal vector for the region on the + side of
I cf Fig 1.
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Riemann solutions and spacetime discontinuous Galerkin @Cmsm
method for linear elastodynamic contact

Reza Abedi*"*, Robert B. Haber"

* Department of Mechanical. Aerospace & Biomedical Engineering University of Tennessee Space Institute, 411 B.H. Goethert Parkway, MS 21, Tullahoma, TN
37388, USA
* Department of Mechanical Science and Engineering, University of lllinois at Urbana-Champaign, 1206 West Green Street, Urbana, IL 61801, USA

A it's a paper for contact/friction (using Riemann solutions) for isotropic material.

DG_course\Papers\Fluxes\Hyperbolic\AnisotropicMedia
An exact Riemann solver for wave propagation in arbitrary
anisotropic elastic media with fluid coupling

Qiwei Zhan*", Qiang Ren‘, Mingwei Zhuang*‘, Qingtao Sun’, Qing Huo Liu**

Bonded solutions (e.g. no friction or contact) but for anisotropic solid.

The full 3x3 impedance matrix:

where the superscript “+" means a variable from the opposite side of the interface. Since —C is a block anti-diagonal

“ . . 2 .
matrix, the 3 non-zero eigenvalue square matrix E3_; can be solved from
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where the superscript “+" means a variable from the opposite side of the interfac

matrix, the 3 non-zero eigen
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value square matrix E3_; can be

e. Since —C is a block anti-diagonal

solved from

(18)

Another way or solving the Riemann solutions is through the jump conditions (rather than using characteristics)
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A space—time discontinuous Galerkin method for linearized
elastodynamics with element-wise momentum balance

R. Abedi

B. Petracovici ™', R.B. Haber **

* Department of Theoretical and Applied Mechanics, University of Illinois at Urbana-Champaign,
104 South Wright St., Urbana, IL 61801, USA
® Department of Mathematics, Western lllinois University, 1 University Circle, Macomb, IL 61455, USA
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Fig. B.3. Coordinates and inclination of a noncausal interface in E* x R: (a) local coordinates on noncausal interface I, (b) regions
(RI-RIV) for classifying the inclination of the interface I',;.
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Layout of the Riemann solution:
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With spacetime DG methods we need to have the
capability to have the Riemann solution in all Regions
as opposed to only vertical line that is needed for
space DG + time marching.

Final point, if we have source term, the solution is not constant along characteristics, and we need to solve ODEs along characteristics:(
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Next time:
Approximate Riemann solvers for nonlinear conservation laws (e.g. Burger's equation, Euler's equations, ...)
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Example of nonlinear 1D hyperbolic PDE (1D Euler's equation)
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- hp-adaptivity better than h-adaptivity Sod's shock tube problem

Shock capturing: 473K elements Shock trackiny: 446 elements
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