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Who made this possible
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I’m talking about this OLCF News post



These folks helped!



Today

Solving multiphase eng. problems 

      A modified equation
      Exascale solves
      Example problem
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A usual suspect
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Compressible, mul.-component

Shock/interface-capturing

More! [in MFC] 

Sub-grid models, phase change, 
surface tension, complex geom., 
chem. reac.ons, … 

Bryngelson et. al CPC (2021), Wilfong et al. arXiv (2025)

mflowcode.github.io



Simplifying/removing “problems”
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Information Geometric Regularization

Shock capturing entails artificial dissipation or limiters 👎

Avoid the problem
IGR:

Cao & Schafer arXiv (2025)
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Information Geometric Regularization

Shock capturing entails artificial dissipation or limiters 👎

Avoid the problem
IGR:

Now: Solve with linear finite 
differences, store no intermediaries
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Regularization: Sedov blast problem

BeAer match to exact 
(ref.) sol’n

Ref.IGRLax-Fried.

Maintain shocks and 
mixture quantities
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Regularization: No systematic dissipation
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No energy dissipation with IGR
Why? Never introduced viscous mechanism

Initial condition

IGR
Reference

“regular” shock capturing
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Regularization: So what?

Enables
    Design ➡  Sensi8vi8es/adjoints across shocks 
    Speed ➡ No [W]ENO/Riemann solve, limiters, detectors
    Accuracy ➡ High-order accurate and no dissipa)on
    Less memory ➡ Larger sims. by two orders mag.



Going big (problems)
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1 timestep stage in CPU DRAM, other in GPU HBM. 
Zero-copy accesses via InfinityFabric or C2C

GraceHopper Trento–MI250X
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q3 = f(q1, q2)



Going big (problems)
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25573 grid points per Alps node
       [4-way GH200] FP32/16

27803 grid points per Fron.er node
       [4-way MI250X] FP32/16



Performance: Strong scaling
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From 2 nodes to
 ~full system!

20B grid point sim. 
~1 Frontier wall minute 
[this is near real-time]

mflowcode.github.io



Performance: Weak scaling
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Ideal scaling
∼1 EFLOPS
200T points [Frontier]
1 quadrillion DOF
20x SoA

mflowcode.github.io

LLNL El Capitan

OLCF Frontier

OLCF Summit



Performance: Speed and power
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4-5x faster

mflowcode.github.io

4x less energy

…all compared to optimized baseline in same code

Wall-time performance

Energy use
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mflowcode.github.io

A. Radhakrishnan B. Wilfong D. Adam

A real example
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Example: Rocket engines

2-species (gas/gas) Mach 10 mock exhaust
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Example: Rocket engines

Rockets back-heat booster 🧨SpaceX Super Heavy
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Example: Rocket engines

~ 1000 rocket engine exhausts

200T grid points [ORNL Frontier]

5-state vars. – 1 quadrillion DoF

> 20-times larger than prior SoA



Take away
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Remove “problems” in the equations, solve larger 

problems more efficiently



Take away
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Remove “problems” in the equations, solve larger 

problems more efficiently
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