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Compressible Euler Equations
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(With IGR pressure)



Benefits of IGR

• Resolve macro behavior at coarser mesh scales

• Larger Time Steps

• Easy to implement

• Greatly parallelizable
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LAGrangian High-Order Solver       (LAGHOS)

• C++ MFEM based library on curvilinear meshes
• Solves the compressible Euler equations in multiple dimensions

• Kinematic Variables (position, velocity) are in H1 i.e. continuous.
• Thermodynamic variables (pressure, energy) are in L2 i.e discontinuous.

• Visualization in ParaView and Glvis
• Parallelizable with OpenMPI and CUDA
• Partial Assembly to speedup and reduce storage
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IGR
• Instead of using viscosity, we modify the stress tensor.

                                                                         or

• This new term, the igr pressure costs an extra elliptic solve per RK step.

• We take Σ to be in H1 of the same order as the kinematic variables.

• Laghos time stepping continues as before.
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Eulerian vs Lagrangian Coordinates

• The mesh is curvilinear.
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What value of Alpha?
Eulerian coordinates:  𝛼𝛼 ≃ 𝐶𝐶 𝑑𝑑𝑥𝑥2 with 𝐶𝐶 ∼ 1 − 10. 

Lagrangian coordinates: 𝑑𝑑𝑑𝑑 changes over each element and in time.

Fixed Alpha:
• Too much regularization near shocks
• Not enough regularization away from shocks
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Alpha in 2d

Multiple Choices:

• 𝛼𝛼 = 𝐶𝐶 𝑑𝑑𝑑𝑑 𝑑𝑑𝑑𝑑

• 𝛼𝛼 = 𝐶𝐶 max { 𝑑𝑑𝑑𝑑,𝑑𝑑𝑑𝑑 } 

•  𝛼𝛼 = 𝐶𝐶 𝐹𝐹⊤𝐹𝐹     (Cauchy-Green)
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Smoothing

• For now, we add some 
initial smoothing to the 
initial conditions.
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Smooth Triple Point IC

Sharp Triple Point IC



Triple Point Gif
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Refinement changes Macro Behavior
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• More refinements allows for more twisting



4 refinements
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7 refinements
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With IGR (4 refinements)
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• IGR outperforms pure Laghos with much lower refinements
• Times given per Perlmutter node-min (128 cores)

How does IGR Compare?
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Pure Laghos, 7 refinements
8.25M dof

Laghos + IGR, 4 refinements
130k dof

Laghos + IGR, 5 refinements
520k dof

5380 node-min 81 node-min 155 node-min



More Runtime Information

• IGR can speed up runs by:
•  Requiring lower resolution 
• Improving CFL number.

10/5/2026 David Winters - Lagrangian IGR 16

IGR has 10x fewer time steps for same number of refinements.



Pure Shearing Run

• IGR speeds things up considerably in shearing simulations.

• With IGR it is 38 sec vs 638 seconds for Laghos (16x speedup).
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Artificial Viscosity Widens Shearing Layers
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IGR no 
Artificial 
Viscosity

Pure 
Laghos



Why does IGR improve shearing runs?

• Larger Time Steps

• Artificial Viscosity slows down shearing

• IGR Does not widen the shear layer
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Taylor Green has Second Order Convergence
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3d runs
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Future Work

• We currently need to smooth kinematic velocity and pressure but 
can have discontinuous density and internal energy

• We will see if ALE methods can help with mesh tangling
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Conclusion

Features of IGR:
• Prevents shocks without using viscosity
• Preserves coarse features at lower resolutions
• Larger time steps
• Greatly parallelizable
• Adds one extra elliptic solve per RK step
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