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Numerical algorithms for solving the incompressible Navier-Stokes equations using P2P1 finite element are 
compared regarding the eigenvalues of matrices. P2P1 element allocates pressure at vertex nodes and velocity at 
both vertex and mid nodes. Therefore, compared to the P1P1 element, the number of pressure variables in the 
P2P1 element decreases to 1/4 in the case of two-dimensional problems and to 1/8 in the three-dimensional 
problems. Fully-implicit-integrated, semi-implicit- integrated and semi-segregated finite element formulations using 
P2P1 element are compared in terms of elapsed time, accuracy and eigenvlue distribution (condition number). For 
the comparison,they have been applied to the well-known benchmark problems. That is, the two-dimensional unsteady 
flows around a fixed circular cylinder and decaying vortex flow are adopted to check spatial accuracy.
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Fig. 3 Temporal evolution of the velocity at a point behind a 
circular cylinder 

Fig. 2 Nonuniform grid system and the boundary conditions for the 
flow behind a circular cylinder
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Fig. 4 Maximum errors in u at t = 0.3 ( t = 0.001)

Reference Method St
Present study Semi-splitting 0.163
Present study Fully implicit integrated 0.163
Present study Semi-implicit  integrated 0.163

Williamson [15] 0.164
Braza et al. [16] FVM (13530 grid points) 0.160

Karniadakis et al. [17] Spectral element method 0.179
Kwon and Choi [18] FDM (321×321) 0.165

Table 1 Comparison of the present results with others for 
the flow past a circular cylinder

Without
pre-conditioning

AILU
pre-conditioning

Semi-splitting FEM 0.47109E+07 0.87869E+02

Fully-implicit 
integrated FEM 0.45694E+07 0.93114E+02

Semi-implicit
 integrated FEM 0.44693E+07 0.92933E+02

Table 2 Condition number

Method Method
Semi-splitting FEM 5200

Fully implicit integrated FEM 78600
Semi-implicit integrated FEM 18000

Table 3 CPU time for the flow past a circular cylinder
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