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Analysis of Computational Performance of Conservative Constraint
on the Yin-Yang Grid

LI Jianghao and PENG Xindong

State Key Laboratory of Severe Weather, Chinese Academy of Meteorological Sciences, Beijing 100081

Abstract Mass conservation is an important factor in the construction of the general circulation model on the
quasi-uniform overset spherical Yin-Yang grid, and is also a key issue when applying the Yin-Yang grid to numerical
models. With the help of a flux-form advection equation, we carried out a series of idealized numerical tests on a sphere to
assess three conservative constraints in addition to the non-conservative boundary interpolation scheme. The test cases
included a standard solid-body advection, a benchmark deformational flow, and a sine-wave advection. The results
showed that the conservative constraint of mass property is important for global numerical integration and has an effect on
the computational accuracy. The global conservative constraint that ensures local mass conservation gave accurate results.
The boundary flux identification based on cell-wise mass constant distribution on the Yin-Yang grid achieved local and
global mass conservation without either decreasing the computational accuracy or increasing computing costs. This
algorithm is computationally efficient and can be an effective numerical scheme for mass conservative constraints on the
overset Yin-Yang grid. However, while the boundary flux identification based on cell-wise linear distribution can improve
the computational accuracy, it requires much more calculation time, which will limit its application in a dynamical model.
Keywords Yin-Yang grid, Mass conservation, Mumerical instability, Computational accuracy
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B 1 (a) Yin PIk%; (b) Yang PI#%; (c) Yin-Yang 2 M
Fig. 1 (a) Yin zone, (b) Yang zone, and (c) composite Yin-Yang grid
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Fig. 7 Numerical solution (contour) and the difference between the numerical and analytical solutions (shaded area) for the “Cosine bell” after one poleward

revolution on the Yin-Yang grid with a resolution of 1.125°X1.125° with scheme MC. The contours are plotted from 0.1 to 0.9 with an interval of 0.1
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Table 1 Normalized errors for different resolutions with
scheme MC (CFL number=0.5, & =90°, day=12 d)

SRR Ly L, Lint
16 X48 X2 0.4882 0.306374 0.295176
32X96X2 0.150597 0.0978895 0.117544
64X192X2 0.0487097 0.0289484 0.0447983
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Fig. 8 Results of the deformational flow test: (a) The initial condition; (b) the analytical solution at #=3; the numerical solutions (contour) and the differences

(shaded area) between the numerical and analytical solutions with schemes (c) NC, (d) MV, (e) MC, and (f) ML at =3. 80X 240 X2 computational grids are

used in the simulation
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Table 2 Normalized errors and convergence rates with
scheme MV (CFL number=0.5, = 0°)

Pag i L L Ly L, 8k Lie L PTE

16X48X2 0.0939668 —— 0.0944042 —— 0.120565 ——
32X96X2 0.031119 1.59 0.0322394 1.55 0.0602997 1.0
64X192X2 0.0115692 143 0.0123972 1.28 0.0303725 0.99
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#3 MC ARTEME—LIRERHEKWHME (CFL &=
0.5, «=0°)
Table 3 Normalized errors and convergence rates with
scheme MC (CFL number=0.5, a =0°)

IR L, LB L, L i Lt LingH
16 X48X2  0.0966441 —— 0.0963329 —— 0.1402 —
32X96X2 0.0314581 1.62 0.0325889 1.56 0.0710858  0.98
64X192X2 0.0114069 146 0.0124328 140 0.0343862 1.05

#*4 ML AETEMT—UIREREKKHE (CFL =
0.5, a=0°)

Table 4 Normalized errors and convergence rates with
scheme ML (CFL number=0.5, a=0°)

IR L L L LW Ly L
16X48X2  0.0959031 —— 0.095015 — 0.134308 —
32X96X2  0.0314294 1.61 0.0324926 1.55 0.0666011 1.01
64X192X2 0.0113987 1.46 0.0123975 1.39 0.031906 1.06
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