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What is Numerical Dissipation?
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Everyone is talking about it,
but no one knows what is really is.



Numerical Experiments
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Numerical Experiments

4



Local Truncation Error
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discretized exact

This is solved exactly.



Navier-Stokes

6

How does the numerical error 
depend on the grid resolution 
and time integration?

numerical viscosity:



Analytical Approach
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Discretize space onto a grid.

Use finite difference stencils for derivatives:

Method of lines for every        :

Time integration (Runge-Kutta):

Time Taylor expansion:

Space Taylor expansion for off-diagonals.



Analytical Approach
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4th order Runge-Kutta

Linear acoustic wave:



Analytical Approach
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Acoustic Wave Damping
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wave propagation:

wave damping

damping parameter:

numerical damping:

Perform linear acoustic wave simulations and 
measure the numerical damping.



Finite Difference: Pencil Code
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Finite Difference: Pencil Code
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Fix time step.

time integration error
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Alfvén Wave Damping
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wave propagation:

wave damping

damping parameter:

numerical damping:

Perform linear Alfven wave simulations and 
measure the numerical damping.



Alfvén Wave Damping

14

10−1

dt

10−6

10−5

10−4

10−3

10−2

λ
∗

0.037dt2.959±0.01641

data



Alfvén Wave Damping
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Trixi.jl
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Discontinuous Galerkin 

(Stack Overflow)

OrdinaryDiffEq (SciML)



Trixi.jl
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Integrator: CarpenterKennedy2N54



Trixi.jl
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Integrator: CarpenterKennedy2N54

No apparent dependence on    .

spatial discretization error

time integration error



Trixi.jl
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2nd order integrator: SSPRK22

time integration error

spatial discretization error

Negative effective damping.



Conclusion

Numerical viscosity and diffusion can be calculated analytically.

Find numerical diffusion in numerical experiments.

simon.candelaresi@uni-a.de, simon.candelaresi@gmail.com

Dependence on time step and resolution.
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