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Application of CIP Method on Advection Equation by Adaptive Mesh
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Abstract

An accurate adaptive mesh refinement based on the CIP method is proposed and it is applied to solve the
two dimensional advection equations. In this method, the level set function is employed to refine and merge
the computation cells. To enhance the accuracy of the solution, the spatial discretization is made by the CIP
method. The CIP method has many advantages such as the third order accuracy, less diffusivity, and shape
conserving. The mathematical formulation and numerical results are also described. To verify the efficiency,
accuracy, and capability of the proposed algorithm, two dimensional rotating slotted cylinder and idealized
frontogenesis are numerically simulated by the present scheme. As results, it is confirmed that the present

method gives an efficient, reasonable solution in the advection equation.
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Fig. 3 Initial field in the rotating slotted cylinder problem
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Fig. 4 Numerical simulation by full grid method
(100 x 100)

Fig. 5 Numerical simulation by full grid method
(200 x 200)

Fig. 6 Numerical simulation by AMR method
(Initial uniform grid: 50x50)
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Table 1 Numerical accuracy and performance for the
rotating slotted cylinder problem

Model | Min | Max | RFM | RSM | CPU
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Fig. 7 The time evolution of total grid numbers
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Fig. 8 The initial field in the frontogenesis problem
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Fig. 9 The numerical solution of the frontogenesis experiment by AMR-CIP method
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Fig. 12 The comparison of the field profile along the
vertical line(x=0). The solid and dash dotted
line denote the analytic and numerical
solution, respectively

Fig. 10 The mesh profile adaptively generated around
the front (the front well captured by the fine mesh)
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Table 2 Numerical accuracy and performance for

frontogenesis problem
Model Min Max | RFM | RSM | CPU
FG2 -1.0 1.0 0.999 | 0.983 | 166.1
AMR -1.0 1.0 0.997 | 0.982 | 89.0
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Fig. 14 The time evolution of the total elements
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