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Structure of a diffusion problem

A diffusion problem is typically constructed out of 2 parts

A An equilibrium or balance part
i E.g. mass balance, energy balance etc.
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Special interpolation polynomials: Edge polynomials

In [1] interpolation polynomials are derived,
which are based on integrated line values
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"Q Lagrange polynomials

[1]: GerritsmaM.: Edge Functions for Spectral Element Methods
@ Selected Papers from the ICOSAHOM '09. Springer, 2011
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Special interpolation polynomials: Edge polynomials
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Interpolation iIn 3D> tensor products
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Differentiation

A Say we have the approximation:
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A We choose to approximate the derivative by:
,Q ’ ,Q b} ’Q .Q
’Q , ’Q , ) ’
A Thisreducesto (first fundamental theorem of calculs
Q
Q.

¢ 1 )Q,

~——

3

DANSIS Mimetic Methods for Diffusion Problems



Divergence
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Divergence;, Incidence matrix
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The discrete balance equation
ta Q
This is written by:
Orr O g Opr O 5 Ofp Orp )Q, Q, Q,
They share common interpolation polynomials:
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This implies:

Exact balance equation for our mesh
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Putting together the system of equations

A Problem: More unknowns than equations

A | fix this when | discretize the constitutive equation

: . _ A _ E | Transpose of the divergence in the
A Weigh with o and integrate over domain balance equations
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A Choose same amount of discrete points|foras number of elements

A Square system of equations &
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Putting together the system of equations
Slidzt GA2Y b O2yaidratdziags Sljdz
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Potential boundary conditions
weakly enforced
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Flux boundary conditions
strongly enforced

A Multiply balance equation withr MhSymmetricsystem of equations
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Complex geometry

A Mapping will only affect the matrices with expansion polynomials and not the incider
matrices

A I.e. mapping will not affect the mimicking property of the balance equation
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Test case

A Choose potential field
A Calculateaand™Q
A Apply as boundary conditions

A Solve on different meshes Errorof the Potential

%9

A Refine mesh
A Mesh sizéQ b

A Evaluate irp 1t TTp TU pDINts
in each element
A Plot the maximum value in

the entire domain _ _
Residual of balance equatioiY (
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