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A new compact high-order variable reconstruction scheme for finite-volume methods is proposed. The approximation of

derivatives is split into multi-step first-order least-squares methods, and then converges during iteration. In a time-

dependent problem, the converged value at the previous time-step is used as an initial value of the iteration, and thus the

iteration converges efficiently. The present scheme is used for reconstruction of a test function, and then, it is confirmed

that the scheme has the designed accuracy. In a vortex-advection problem, grid-convergence is again confirmed. No

serious instability is observed when the spatial accuracy is enhanced. In addition, it is shown that only one iteration of

the reconstruction per time-step gives sufficient convergence under a stable CFL condition of the time-explicit scheme,

and that high-order accuracy is achieved efficiently.
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Fig.2 Stencils for variable reconstruction.
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Fig.3 Flowchart of high-order FVM based on iterative reconstruction.
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Tab.1 Setting of computational grids.

Total cell number N Typical length 1/vVN

Grid 1 176 0.07538
Grid 2 692 0.03801
Grid 3 2868 0.01867
Grid 4 11388 0.009371
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6 6

4 4
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Fig.4 Irregular triangular grid for numerical simulation.
(Left : Grid 1, Right : Grid 2)



Tab.2 Grid convergence study of 3'-order iterative LSQ.

Cell-centered value u;
L1 norm Order L norm Order
Grid 1 2.010E-03 - 5.623E-03 -
Grid 2 1.721E-04 3.590 5.167E-04 3487
Grid 3 1.314E-05 3.619 9.030E-05 2454
Grid 4 1.331E-06 3.321 1.263E-05 2.852
First derivative uy;
L1 norm Order L norm Order
Grid 1 8.936E-03 - 2.770E-02 -
Grid 2 1.375E-03 2735 5.607E-03 2334
Grid 3 2.919E-04 2.180 1.884E-03 1.534
Grid 4 6.724E-05 2.129 5.254E-04 1.853
Second derivative Uy
L1 norm Order L norm Order
Grid 1 4.152E-02 - 8.191E-02 -
Grid 2 1.328E-02 1.665 3.813E-02 1.117
Grid 3 4441E-03 1.541 2.465E-02 0.614
Grid 4 1.812E-03 1.300 9.745E-03 1.346

Tab.3  Grid convergence study of 4™-order iterative LSQ.

Cell-centered value u;
L1 norm Order Lonorm Order
Grid 1 2.034E-04 - 7.540E-04 -
Grid 2 2.116E-05 3.305 6.632E-05 3.551
Grid 3 1.482E-06 3.740 5.902E-06 3.403
Grid 4 9.165E-08 4.037 4.293E-07 3.801
First derivative uy;
L1 norm Order Lonorm Order
Grid 1 3.738E-03 - 1.074E-02 -
Grid 2 3.172E-04 3.603 1.364E-03 3.014
Grid 3 3.298E-05 3.184 2.043E-04 2.668
Grid 4 4.028E-06 3.050 2.881E-05 2.845
Second derivative tyy;
L1 norm Order Lonorm Order
Grid 1 4.018E-03 - 1.305E-02 -
Grid 2 8.388E-04 2.288 4.901E-03 1431
Grid 3 2.548E-04 1.676 1.205E-03 1.973
Grid 4 6.074E-05 2.079 3.268E-04 1.893
Third derivative Uyyy;
L1 norm Order Lonorm Order
Grid 1 2.691E-02 - 5.868E-02 -
Grid 2 7.510E-03 1.864 2.200E-02 1433
Grid 3 2.640E-03 1470 1.316E-02 0.723
Grid 4 1.107E-03 1.260 6.619E-03 0.997
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Fig.5 Convergence history of 3%-order iterative LSQ.
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Fig.6 Convergence history of 4M-order iterative LSQ.
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Fig.7 Initial value of density in vortex advection problem.

Tab.4 Grid convergence study in isentropic vortex advection problem.
3" order iterative LSQ (Iteration=1)
L1 norm Order L norm Order
Grid 1 1.335E-02 - 2.166E-01 -
Grid 2 4.687E-03 1.529 1.293E-01 0.754
Grid 3 6.214E-04 2.842 1.053E-02 3.527
Grid4 7.454E-05 3.076 1.382E-03 2.945
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Tab.4 Grid convergence study in isentropic vortex advection problem
(continue).

39 order iterative LSQ (Iteration=2)
L1 norm Order Lo norm Order
Grid 1 1.335E-02 - 2.166E-01 -
Grid 2 4.688E-03 1.529 1.293E-01 0.753
Grid 3 6.217E-04 2.842 1.053E-02 3.527
Grid 4 7.458E-05 3.075 1.383E-03 2.945

4™ order iterative LSQ (Tteration=1)
L1 norm Order Lonorm Order
Grid 1 1.040E-02 - 1.650E-01 -

Grid 2 2.710E-03 1.972 8.370E-02 0.995
Grid 3 1.950E-04 3.696 3.350E-03 4.520
Grid 4 1.270E-05 3951 2.540E-04 3.731

4™ order iterative LSQ (Tteration=2)
L1 norm Order Lonorm Order
Grid 1 1.042E-02 - 1.651E-01 -

Grid 2 2.715E-03 1.965 8.376E-02 0.992
Grid 3 1.945E-04 3.709 3.321E-03 4.540
Grid 4 1.262E-05 3.967 2.525E-04 3.737
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Fig.8 Relationship between the calculation error and iteration number of
reconstruction at a large time increment.
(3"-order iterative LSQ)
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Fig.9 Relationship between the calculation error and iteration number of
reconstruction at a large time increment.
(4"M-order iterative LSQ)
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