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Abstract: Two new methods are developed for convergence estanation
and convergence acceleration in iteratively solvptbblems. The
convergence error estimation method is based origfgvalue analysis of
linear systems, but it can also be used for noaflinsystems. The
convergence of iterative method is accelerateduipgracting convergence
error from the iteratively calculated solutions.eTperformances of these
methods are demonstrated for the Navier-Stokestiegsa
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1 Introduction

There is a great interest in estimating the coremrg error. Knowing when to stop iteration is
important in terms of computational efficiency aadcuracy. In most of the iteratively solved
problems, the reduction in residual is used asopp#tg criterion. Unfortunately, the reduction in
residual may not be a reliable measure for the em@nce error. Different methods were developed
to estimate the convergence error. Ferziger and Pg2] used eigenvalue analysis of linear system
in convergence error estimations. In this stutig convergence error vector is expressed as the
linear combination of the correction vectors [3heTlcoefficients of the correction vectors are
calculated using the least-squares minimizatiamce knowing how to estimate the convergence
error, the next step is to develop a convergencela@tion method. In literature, there is almast n
research on convergence acceleration based orothergence error estimation. The convergence
acceleration method presented in this study isthasghe estimation of the exact solution.

2 Problem Statement

Using the eigenvalue analysis of linear systems, ftllowing method is developed [3]In this
method, the convergence error vecmat iterationn+1, is calculated as:
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In the equation abové/.ge is the number of eigenvalues. The coeffici€dfs are real numbers and
they are determined from the least squares solofitime following equation.
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In the calculation of these coefficients, the colion vectors,d, from the present and lasMggen
iterations must be stored. Although, increasingrthmber of eigenvalues may improve the accuracy
of convergence error estimation, this improvemeraty mlso cause an increase in the memory
requirement to store correction vectors from presiterations.
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Once the convergence error is determined, the egakittion, w, which exactly satisfies the
discretized governing equations, can be estimatethe convergence can be accelerated by

subtracting convergence error from the iterativatsm, " .

w=wW"-g" 3)

The performances of the convergence error estimaitd convergence acceleration methods are
tested in the solution of Navier-Stokes equatidiie flow around the NACAOQ012 airfoil is solved at
a transonic flow condition (M=0.730=2.78, Re=6.5x16). In the solution of equations, four-stage
Runga-Kutta scheme, local time stepping and fouellenultigrid method are implemented. Figure 1
shows the accuracy of the convergence error estimatethod for a CFL number of 1.5. The results
show that the proposed method can accurately dstitha convergence error, however, the residual
may not be a good parameter to predict the condeggerror. Figure 2 shows the performance of the
convergence acceleration method with a maximum CRimber of 1.9. If no convergence
acceleration method is used, the norm value oflvesiis reduced to the order of machine epsilon in
20,000 iterations. If 16 eigenvalues are used énctimvergence acceleration method, the residual can
be reduced to the same level in 3000 iteratiomsil&ily if the number of eigenvalues is increased t
256, the same convergence level can be achiev&sDib iterations.
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Figure 1. Convergence error estimation Figure 2iv@ogence acceleration

3 Conclusion and Future Work

Two new methods are developed. In the first methoelconvergence error is estimated in iteratively
solved problems. The method is based on the eiigaamalysis of linear systemis the second
method, the convergence of an iterative methodcrelarated by estimating the exact
solution. The performances of these methadsdemonstrated in the solution of Navier-Stokes
equations. The results show that the convergemg® ean be accurately estimated with the
developed method. The residual itself, on the ollaerd, is not considered to be a reliable parameter
to predict the convergence error. The proposedargewice acceleration method reduces the number
of iterations. More results will be included in thél paper.
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