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What we (DLR aerospace) do

ÁWind tunnel experiments

ÁFlight tests

Áé

ÁComputational Fluid Dynamics
ÁNumerically solving nonlinear partial differential equations

ÁFor implicit schemes the most expensive part is solving 
linear equation systems

ÁIndustrial relevant cases require efficient use of HPC 
(turbulence is difficult)
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Our challenges/chances:

ÁTry to make use of current (and be ready for future) hardware technology, but codes are 

often complex, large, calibrated to physical measurements and quality assured, so it is not 

so easy to adopt fast

ÁDue to recent changes in hardware technology (Many-core, SIMD, GPU, é), we have 

worked on new implementations



Software Approach to tackle these challenges

ÁDifferent CFD solvers for specific flow characteristics

ÁTRACE for turbomachinery

ÁCODA for aerodynamics

Áé

ÁContain physical modeling, handling of boundary conditions, nonlinear relations, 

wind-tunnel calibration, transsonic/hypersonic/é flow regime, é

ÁCommon library for (approximatively) solving a linear

equation system with characteristics from aeronautical CFD

ÁMore focus on low-level performance and hardware technologies

ÁMay adapt to specific technologies more easily due to its comparably limited 

functional range
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Key features of a linear solver for aeronautical CFD

Sparse matrices

ÁDense blocks with a fixed block size or variable block sizes

ÁMixed data types: e.g. some entries are complex, others real, some 
multiscalars

Solver

ÁDifferent components should be combinable (as preconditioner)

ÁRobust methods for stiff CFD problems:

Á Direct inversion of (generalized) diagonal blocks (LU/Thomas-Algorithm)

Á Jacobi, Gauss-Seidel, GMRES, linear multigrid, é

Efficient parallelization for HPC

ÁDistributed memory (GASPI, MPI)

ÁShared memory (Threading)

ÁGPU support

ÁVector instructions (SIMD)
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