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Verification of convection term on finite element analysis
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We have some kinds of formulations of the convection term in the Navier-Stokes equation, for example gradient
form, divergence form, skew-symmetric form and rotational form. When we analyze an incompressible flow, these

formulations are equal to each other with the continuity equation. However, each numerical result is different

because we can’t satisfied the equation completely in our calculation.

In the present paper, we discuss the

formulation of the convection term and its discretization on finite element analysis.
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Tab. 2: Conservation and its ratio

‘ ‘ Gradient form Divergence form
Element 20 40 80 160 20 40 80 160
|l 0.688 | 0.837 | 0.936 | 0.944 | 0.882 | 0.910 | 0.958 1
|v] 0.519 | 0.759 | 0.910 | 0.994 | 0.723 | 0.839 | 0.934 1
u? 0.849 | 0.844 | 0.922 | 0.990 | 1.058 | 0.946 | 0.957 1
v? 0.312 | 0.607 | 0.840 | 0.989 | 0.548 | 0.721 | 0.880 1
K 0.606 | 0.737 | 0.885 | 0.989 | 0.828 | 0.844 | 0.922 1
‘ ‘ Skew-Symmetric form Rotational form
Element 20 40 80 160 20 40 80 160
|l 0.802 | 0.876 | 0.947 | 0.997 | 0.741 | 0.861 | 0.944 | 0.996
|v] 0.637 | 0.801 | 0.922 | 0.997 | 0.565 | 0.782 | 0.917 | 0.995
u? 0.962 | 0.897 | 0.940 | 0.995 | 0.905 | 0.878 | 0.934 | 0.993
v? 0.445 | 0.668 | 0.860 | 0.994 | 0.365 | 0.642 | 0.853 | 0.992
K 0.728 | 0.793 | 0.904 | 0.995 | 0.661 | 0.771 | 0.898 | 0.993
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Mesh size Anmin At ‘ CFL ‘ ;
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30x30x30 | 1.12x1072 | 25 x 1073 | 0.22 -1 0 1
60 x 60 x 60 | 5.40 x 1073 | 1.0 x 1072 | 0.19 ] ] ]
Fig. 8: Velocity profiles using 20 x 20 x 20 elements
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Tab. 4: Conservation and its ratio

‘ ‘ Gradient form

Divergence form

‘ Skew-Symmetric form Rotational form

Element 20 30 60 20 30 60 20 30 60 20 30 60
|l 0.947 | 0.968 | 0.996 | 0.987 | 0985 | 1 | 0.968 | 0.976 | 0.998 | 0.959 | 0.972 | 0.996
|v] 0.866 | 0.928 | 0.995 | 0.909 | 0948 | 1 | 0.888 | 0.938 | 0.997 | 0.878 | 0.933 | 0.996
|w] 0.905 | 0.949 | 0.993 | 0972 | 0979 | 1 | 0.937 | 0.963 | 0.996 | 0.929 | 0.959 | 0.995
u? 1.020 | 0.995 | 0.992 | 1.074 | 1.021 | 1 | 1.047 | 1.008 | 0.996 | 1.036 | 1.002 | 0.995
v? 0773 | 0.873 | 0.991 | 0.839 | 0905 | 1 | 0.807 | 0.889 | 0.995 | 0.797 | 0.883 | 0.994
w? 0.834 | 0.905 | 0.983 | 0.977 | 0970 | 1 | 0.901 | 0.936 | 0.991 | 0.882 | 0.927 | 0.990
K 0918 | 0.944 | 0.992 | 0977 | 0974 | 1 | 0.948 | 0.959 | 0.996 | 0.937 | 0.953 | 0.994
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Fig. 16: Distributions of Reynolds stress
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Fig. 17: Distributions of Reynolds stress
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