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Robust and Efficient LU-SGS Scheme on Unstructured Meshes:
Part I - Implicit Operator

Joo Sung Kim and Oh Joon Kwon

A study has been made for the investigation of the robustness and convergence of various implicit
operators of the LU-SGS scheme using linear stability analysis. It is shown that the behavior of the
implicit operator is not determined by its own characteristics, but is determined relatively depending on

the dissipative property of the explicit operator. It is also shown that, as the dissipation level of the

implicit operator increases, the robustness of the scheme increases, but the convergence rate can be

deteriorated due to the excessive dissipation. The numerical results demonstrate that the dissipation level

of the impliict operator needs to be higher than that of the explicit operator for computing stiff problems.
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Fig. 7 Triangular grid for a 20% thickness
bump flow.
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Fig. 8 Pressure coefficient distributions for
25, 5, 10, and 20% bump flows.
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Table 1 Allowable maximum CFL number
and time steps required to achieve
10th order residual reduction for
various implicit operators with Roe
explicit operator.

implicit bump thcikness
operator | 2.5% 5% 10% 20%
gx LCFL| 107 | 107 |5x10t] =
steps| 230 200 1760 | failed
ap [CFL] 107 | 107 |5x10%) =
steps| 280 210 1770 | failed
vp LCFL| 107 | 107 |3x10°] 10
steps 340 270 310 1720
JT LCFL 10" | 107 | 10" | 107
steps| 2700 640 630 3660

* indicates that the procedure did not yield a converged solution
at any value of CFL number.
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Fig. 9 Convergence histories for various implicit
operators with Roe explicit operator.
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Table 2 Allowable maximum CFL number
and time steps required to achieve
10th order residual reduction for
various implicit operators with van
Leer explicit operator.

implicit bump thcikness
operator | 2.5% 5% 10% 20%
gx LCFL[ 10* | 10° | 10! *
steps| 330 310 1750 | failed
ap | CFL 102 102 10! *
steps| 350 320 1800 | failed
yp LCFL] 107 | 107 | 10° | 10
steps| 230 220 220 4920
J LCFL 107 | 10" | 10" | 107
steps| 2550 500 460 1050

* indicates that the procedure did not yield a converged solution
at any value of CFL number.
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Fig. 10 Convergence histories for various

implicit operators with van Leer
explicit operator.
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