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The numerical simulation of flows associated with laser-induced phase change in metal 
additive manufacturing, supercritical fluids, and the slow cook-off of energetic materials 
present new challenges. Specifically, these flows require an implicit all-speed 
compressible formulation, since phase change and chemical processes induce large 
density variations over long hydrodynamic time-scales.   
 
The compressible Navier-Stokes equations are discretized in space up to 5th-order with a 
reconstructed Discontinuous Galerkin method and integrated in time with fully implicit 
time discretization schemes. The resulting set of non-linear equations is converged using 
a robust Newton-Krylov method, with the Jacobian-free version of the GMRES solver. 
Due to the large disparity in time scales between the fast acoustic waves and the 
advection of the flow, the system is numerically stiff and preconditioning GMRES is 
essential for convergence.  
 
In the limit of large acoustic CFL number, there is a strong coupling between the low and 
high order degrees of freedom. To robustly solve the large ill-conditioned block systems, 
we employ a nested Schur complement approach to reduce the NxN high-order blocks to 
N 1x1 blocks. The nested Schur complement preconditioner is a polynomial multigrid (p-
multigrid) reduction technique, where the reduced systems can be effectively solved with 
an algebraic multigrid method. Numerical results are shown for the p-multigrid Schur 
complement preconditioned Newton-FGMRES solver in the limit of large CFL numbers 
for compressible internally heated convection and a supercritical flow problem.  
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