An Advanced Step in Solving Compressible Navier-

Stokes Equations

The performance of sub-, trans- and supersonic fluid-dynamic devices may be strongly
affected by laminar-turbulent transition and unsteady flow phenomena. Due to their
complexity, most of these problems are not yet fully understood. Resolving all relevant
flow structures in space and time, Direct Numerical Simulations (DNS) provide a
detailed insight into the underlying physical processes, requiring an enormous amount
of computing resources.

The NS3D code solves the complete unsteady compressible 3-D Navier-Stokes
equations. It has been developed at the Institute of Aerodynamics und Gasdynamics
(IAG) of the University of Stuttgart for highly accurate computations of transitional and
turbulent flows. The applications for the NS3D code range from subsonic to supersonic
flow regimes.

It is part of a complete simulation framework including initial conditions, linear-stability-
theory analysis and postprocessing based on EAS3.

The spatial discretization is based on 6th-order compact finite differences and a
spectral ansatz in the periodic spanwise direction. The spectral discretization is
implemented for both symmetric and non-symmetric computations. Computing the
second derivatives directly increases the resolution of the viscous terms compared to
the often used method of applying the first derivative twice. By this, the stability of the
numerical scheme is improved.

NEC SX-8 Cluster at HLRS (72 nodes)
Parallelization to the HLRS SX-8 Vector

Supercomputer
The hybrid parallelization is based on a shared-memory parallelization in spanwise spectral ansatz (periodic) in z direction
direction and domain decomposition in streamwise and normal direction using MPI. alternating compact finite differences of 6th
Additionally, domain decomposition combined with grid transformation and modular

” ) . order
boundary conditions allows the computation of a wide range of problems and ) . o
geometries. The numerical method is successfully running on the high-performance direct computation of the second derivative
computers of the hww GmbH. Runge-Kutta time integration of 4th order

Within the Teraflop Workbench, its computational performance is further improved by domain decomposition in x- &y direction
support of NEC and HLRS. Currently 30-50% of the theoretical peak performance of pipelined Thomas algorithm to solve the
the NEC-SX8 are reached. The MPI parallelization provides a scale-up of 94% on 16 tridiagonal equation systems

nodes. With the high-speed interconnect, the code reaches almost the theoretical limit

of 96% which is due to the implementation of the pipelined Thomas algorithm. Further modular boundary conditions

performance improvements are expected by using the FFT library, optimized for the grid transformation in x-y plane: x=x( , ),
NEC-SX machines, since the Fourier transformation requires up to 40% of the CPU y=y(, )
time.

MPI and shared memory parallelisation
Examples simulation of turbulent flows
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