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ABSTRACT

Spectralnumericalmethods,which involve seekingthesolutionin termsof a seriesof known, smooth
functionssuchas,for example,Chebyshev polynomials,arewell known in ComputationalFluid Me-
chanicsfor theirsuperioraccuracy [1]. However, thepracticaluseof spectralmethodsdependscritically
on the efficiency of algorithmsfor solutionof the resultingsystemsof algebraicequations.Spectral
methodsoftenyield systemsof linearequationswith densematriceswhosesolutionmaybeconsider-
ably lesscostefficient in comparisonto thebandmatricesresultingfrom finite elementor finite differ-
encetechniques.Exceptionis theChebyshev-taumethodwhichcombinedwith therecurrencerelations
for derivativesof Chebyshev polynomialsresultsin tri- andpenta-diagonalmatricesfor approximation
of secondderivative operatorsin Cartesianandpolarcoordinates,respectively [1].

In the presentstudy we derive a similar reductionto a tridiagonalmatrix for a Chebyshev-tau ap-
proximationof thesecondderivative operatorin a transformedcoordinate

�������
	 � �� �
mappinga

semi-infinitedomain����� ��� ��� onto
� ��� ��� � � � with parameter����� , which is usefulfor thenumer-

ical solutionof boundarylayerequations.This approachcombinedwith FFT resultsin a cost-efficient
andaccuratealgorithmfor a directnumericalsimulationof boundarylayerflows. Applicationof this
algorithmis demonstratedfor a turbulentHartmann-layerflow of anelectricallyconductingliquid in a
transversemagneticfield.
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