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The adaptve meshmethodssigni cantly im-
prove accurag of simulationsandallow to solve
large problemsappearingn engineeringapplica-
tions. The majority of thesemethodsusemeshes
with regular shapedelements. The wide usage
of anisotropicmesheswas retardedby two bar
riers. First, it was proved in [1] that the pres-
enceof acuteanglescausesleterioratiorof nite
elementdiscretization®f piece-wisepolynomial
functionswith isotropicsecondderivatives. Sec-
ond, therewere not enoughrobust methodsfor
generatiorunstructuredanisotropicneshes.The
methodologydevelopedin [2-10] givesdifferent
perspectie onanisotropianeshgeneratiormeth-
ods.

It was showvn in [2, 9] that simplexes with
acuteanglesstretchedalongthedirectionof min-
imal seconddervative of a solutionare the best
elementsfor minimizing the interpolationerror.
Thus, such simplexes might be and should be
usedin the regionswheresolutionHessian(ma-
trix of secondderivatives) is anisotropic. Re-
cently a few robust methodsusing the solu-
tion Hessianfor generatingadaptve anisotropic
meshesvereproposedsee[4, 3] andreferences
therein). The theoreticalanalysisof thesemeth-
ods basedwas donein [3,5-8,10] for piecevise
lineardiscretizationsTheoptimalerrorestimates
in Ly norm have beenproved therefor theinter
polationerror.

The ideaof the new methodologyis to gener
ateameshwhichis quasi-uniformin ametricjHj
generatedy the solutionHessianH. The mea-
sureof thequasi-uniformity0 - Q(jHj; W) - 1,
is a function of the metric and the meshandis
calledthe meshquality. The anisotropicmeshis
generatedy a sequencef local meshmodi ca-
tions of a simpleinitial mesh. This increaseso-

bustnes®f themethodologyallows its bladk box
implementatior[6] andsimpli es contmol of the
adaptationprocesg 7, 8]. The appealof sucha
methodologyfor solvingengineeringproblemss
dif cult to overestimate.
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A zoomof the nal anisotropimeshMlo).
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Pressurgro les alongthetop (red)andbottom
(green)sidesof thewing. Thesharperpro les
correspondo the nal mesh.
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Black-Box Anisotropic Mesh Generators for Engineering Applications

Let us considera model 2D problem: com-
pressiblerrotationalisentropicadiabatic o w of
the ideal gasarounda wing. The unknawvn u is
the potentialof the gasvelocity. This problemis
stronglynon-linearandtheexistenceof asolution
is not guaranteednathematically The solution
algorithmis presentedbelow.

1. Generataninitial triangulationV\é”.
2. Fork= 1;2;::: repeat:

(a) Findadiscreteu, on mesth).
(b) ComputethediscreteHessiarH of up,.

(c) Terminate adaptve loop if the mesh
quality satis es

QGHI; W) > Qo
whereQp isaconstan{Qy» 0:2 0:7).
(d) Generatéhenext meshwWf“  suchthat

QUH}; WD) . Qo:

The initial andthe nal meshesare shovn on
the previous page. The nal meshhasapproxi-
matelythe samenumberof trianglesastheinitial
meshbut resultsin more accuratepressurepro-
les alongbothsidesof thewing.

It is pertinento notethattheinitial meshcanbe
very coarselts furtherre nementandadaptation
doesnot require users intervention and is per
formedin a very robustmannerusinglocal mesh
modi cations. Only the modi cations which are
topologically acceptableand increasethe mesh
quality are performed. The list of modi cations
includesthe following operations(see[10] for
moredetail).

2 Putanew pointin themiddle of ameshedge
andsplit eachelementsharingthe edgeinto
two elements.

2 Remaoe the commonedge(facein 3D) of
two elementsand connectoppositevertices
by anew edge.

2 Remwe a meshedgeand split thusappear
ing quadrilateralor polyhedronin 3D) into
anew setof simplices.

2 Deletea meshnodetogetherwith all mesh
edgesendingin it and split thus appearing
guadrilateral(or polyhedronin 3D) into a
new setof simpleces.

2 Move a meshnode inside a superelement
consistingof elementsharingthe node.

The methodologycan be generalizedo prob-
lemswith mary primaryvariables.
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