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A numericalsimulationis cheapetthanareal-
life experiment. It implies cheaperproduction
costin mary industries(automobilebuilding, oil
production,etc). But the numericalsimulations
shouldbereliable,sothatthe predictionsandin-
sightsgainedfrom themwere trustworthy. The
determiningfactorfor thereliability areaccurate
andef cient discretizatiormethods.

The main goal of this summer project is
the investigation and the program realization
of mimetic nite difference algorithms for a
diffusion-typeequationon unstructuredpolyhe-
dral meshes.This problemcanbe formulatedas
the rst ordersystem:

F= Kgradp
divF+cp=Q

whereK is a symmetricuniformly positive def-
inite tensor Q is a given sourcefunction, and p
and F areunknowvn scalarand vector functions,
respectiely.

In mary applications mesheswith general
type elementsare more preferablethan standard
tetrahedralor cubic meshes. The polyhedral
meshesppeain thebasinmodelingwheremesh
cells have to approximatesophisticatedjeologi-
cal structuregfaults,pinch-outs).For instancea
lot of applicationsn the computationaluid dy-
namicsoperatewith Voronoi-typemeshes.

Anotherexamplecomesfrom applicationsus-
ing the adaptve meshre nement algorithmsor
non-matchingmeshes.Speci ¢ situationoccurs
whenwe dealwith polyhedronswvhich facesare
extremelycurve. In that casea curve faceis ap-
proximatedoy a piecaviselinearsurface.

Exampleof a Voronoi-typemesh.Themeshcon-
sistsof pentaand hexa prismsand pyramids

Distorted cubewith 6 curvilinear facesis trans-
formedto polyhedonwith 24 planar faces

Mimetic nite difference discretizationuses
discrete operators(GRAD and DIV) that pre-
sene certain critical propertiesof the original
continuum differential operators( Kgrad and
div, respectiely). For the linear diffusion prob-
lem, this meansthat the mimetic discretizations
mimic the Gaussdivergencetheoremto enforce
thelocal conserationlaw, thesymmetrybetween
thecontinuougyradientanddivergenceoperators,
GRAD = DIV, to guarantessymmetryandpos-
itivity of the discreteoperatorDIV GRAD, and
thenull space®f theinvolved operatorgo prove
stability of thediscretizatior{?, 7].

Thecurrentapproachs basednthedivide and
conquerprinciple. Firstly the local discreteop-
eratorare constructed Eachmeshcell is consid-
eredasaseparatelomainandanindependendis-
cretizationis generated.The normalcomponent
of the vectorfunction F is computedat the face
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centersaandthe pressurainknovns p is computed
at the centersof facesand meshelements.Sec-
ondly we imposeboundaryconditionsandinter-
face conditionsbetweenneighbouringelements.
Imposinginterfaceconditionwe requirea conti-
nuity for p andthenormalcomponenbf F across
the polyhedralfaces.The similar approactin 2D
casewasdescribedn [?].

We have provedthattheresultingdiscretization
is exact for piecavise linear solutionsp (piece-
wise constantF) on the unstructuredoolyhedral
meshewith planarfaces.Moreover, the solution
algorithmproducesa symmetricpositive de nite
systemof linear equations(semi-positve de -
nitein the caseof Neumanrboundaryconditions)
which canbe solvedwith ef cient iteratve meth-
ods.

The computational results demonstratethe

e xibility and accurag of our approximation
method. For sufciently smoothsolutions, we
achieve the secondorder corvergencefor scalar
unknavn p and at least rst order for the vec-
tor unknovn F on differenttypesof polyhedral
mesheswhich facesare close to planar faces.
Shouldbenotedthatfor smoothmeshesthepoly-
hedronfacesarecloseto planarfaces.

In the caseof polyhedralmeshewith strongly
curved faces, an approximationof the curved
facesby planarfacesis the only known way to
achieve secondorder corvergencerate for the
scalawvariableandthe rst ordercorvergenceaate
for thevectorvariable.
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