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ABSTRACT

Many compressible CFD solvers suffer of poor convergence ratgsieficiency in robustness and
accuracy as the Mach number goes to zero.[1] In this paper sevdemkdif preconditioning methods
are evaluated and implemented into the compressible CFD solver Edge[@jud/éest cases for the
different preconditioning methods are used to draw conclusions almuptrformances. Among these
test cases are mesh topology, turbulence model, angle of attack and Mablemvaried in order to

reveal potential differences.

Preconditioning of the Euler equations in order to speed up convergaakcealleviate numerical stiff-
ness has been performed and analyzed for the last 20 years.[3] $dmeenaotivations and needs for
this development are; 1) flow situation with mixed incompressible and complee&sibed convection
(flow over an airfoil) 2) natural convection (surface or volumetric heptend 3) the preference of
engineers to use the existing compressible codes over the widest floti@onange.[4] In order to be
able to achieve all of these objectives, a robust and effective pdaamrer is required for compress-
ible CFD codes. Robustness has been a problem with some of theseditieoamy methods. This is
manifested by some of the parameters are problem dependent.[3] Sometslefties preconditioning
matrix are inversely proportional to the velocity and it is therefor important to lineiséhparameters
away from zero. Near a stagnation point or at a wall are typical regitvese the flow velocity is low.
The accuracy and robustness of the solution could depend on how this limmipegformed (see Turkel
[1]), this is here investigated in detail for the different preconditionerdémpnted. In order to obtain
a solution to the RANS equations, artificial viscosity needs to be added tolthmsoHere it is done
by using two different approaches, basing the artificial viscosity ongketgal radius (a scalar type)
or the different eigenvalues (a matrix type of artificial viscosity). Thdasdaased artificial viscosity
scales the acoustic and convective waves with the same amount, while the rasgrikippe allows for
different amounts of artificial viscosity. The influence of using either eséhtwo different approaches
together with a preconditioner is investigated.

The preconditioning methods examined and implemented into the CFD solver Edge a

e Turkel type with scalar viscosity and variations of primitive variables.[4]



e Turkel type of preconditioner with viscous corrections.[3]

e A novel preconditioner (based on ref [3]) with corrections addedidfcal pressure gradients.
e Weiss and Smith preconditioner with scalar viscosity.[5]

e Turkel type preconditioner with matrix viscosity.[6]

In figure 1 drag and convergence history of the LA203A airfoil arespnted. Here the benefits with
increased robustness and convergence acceleration due to theditieaing methods are clearly vis-
ible. The convergence history is plotted untjl differs with less thard.01% compared to the result

at the last iteration. This occurs at the 3916, 4019 and 44i@&ration for standard preconditioning,
scalar preconditioning with viscous corrections and the preconditiomeg asmatrix based viscosity
respectively (the case with no preconditioning does not reach a g@w/eplution within 20.000 iter-

ations). In this paper several different preconditioning methods heea mplemented into the CFD
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Figure 1: Convergence history of density residual afydor the LA203A profile. Flow caseRe., =
330.000, M = 0.014 anda = 0°.

code Edge. They have been evaluated using several differenatest. A novel preconditioner (based
on ref [3]) with corrections added for local pressure gradients bas kdeveloped and tested. A set of
numerical parameters which gives fast and robust convergenttesfourrent test cases is also presented
and discussed.
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