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Development of an Efficient Cell-by-Cell Adaptive Mesh Refinement
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Algorithm on Structured Grids
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ABSTRACT

As an efficient AMR method on structured grids, a new cell-by-cell refinement algorithm is developed. Key idea of the
new cell-by-cell refinement is to use categorized cell types which are originated from overset mesh technique. Thanks
to categorized cell types, present method provides efficient cell-by-cell refinement algorithm, while preserving
structured index of grid system. Through numerical test cases, the performance of present algorithm is investigated and
comparison of accuracy and efficiency shows that present method is much more accurate and efficient than the case
without AMR method.

Key Words : Adaptive Mesh Refinement (%]-5- 2 %} 7]®), Structured AMR (84 45 A=} 7]H), Cell-by-Cell
AMR (A9 A3 A=l 7]%), h-refinement (h-4] 2 3})
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2.1 Block-by-block AMR algorithm
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2.2 Cell-by-cell AMR algorithm
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Fig. 1. An example of grid hierarchy for block-by-
block AMR algorithm®

Fig. 2. An example of block-by-block AMR® for
double M ach reflection problem
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2.3 Add-and-blank lines AMR algorithm
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Fig. 3. An example of the area where higher
resolution is required: (a) actual domain (the Korea
Peninsula), (b) discretized domain (gray cells)
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(c)

Fig. 4. Comparison of refined sub-domain for the
Korean Peninsula: (a) block-by-block AMR method,
(b) cell-by-cell AMR method, (c) present method
(blue:normal cell, red:fringe cell, green: hole cell)
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4.1 Isentropic vortex advection
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Fig. 5. Density distribution of the vortex along the
center line at t=0, 2, 4, 6, 8, and 10 : (a) 50X 25 main
grid, (b) 50X 25 main grid with AMR (»,=2)

Table 1. Comparison of errorsin isentropic vortex
advection problem. Errors according to refinement
ratio A, are compared.

size AMR | Ljerror | L,error | L. error | cost
h=2/5 - 5.67E-3 | 5.24E-4 | 2.11E-1 1

h=2/5 A=2 | 4.09E-3 | 3.26E-4 | 1.06E-1 | 1.79
h=2/5 A=4 | 3.63E-3 | 2.92E-4 | 1.15E-1 | 7.09
h=2/5 A=8 | 3.73E-3 | 3.05E-4 | 1.20E-1 | 48.3
h=1/5 - 1.67E-3 | 5.87E-5 | 4.94E-2 | 7.9

Table 2. Comparison of h-refinement efficiency for
isentropic vortex advection

size AMR | 4L,/ Acost ALz /4 AL, [ Acost
cost
h=2/5 - - - -
h=2/5 A=2 -2.0E-3 -2.51E-4 -1.33E-1
h=2/5 A=4 -3.3E-4 -3.82E-5 -1.57E-2
h=2/5 =8 -4.10E-5 -4.64E-6 -1.93E-3
h=1/5 - -5.79E-4 -6.75E-5 -2.34E-2
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4.2 Shock-vortex interaction (SVI)
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Fig. 6. Numerical Schlieren of shock-vortex
interaction (SVI) at t=0.7: (a) 400X 200 main grid, (b)
400X 200 main grid with AMR (A,=2)
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