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An arbitrary vector field U can be represented with U=grad¢+curly {y. divg=0} according to Helmholtz-Hodge
theorem. Numerical decomposition in 3D, however, is not yet succeeded by reason of boundary conditions and
dilatational component. We will additionally point out a stumbling block to numerical analysis by the theorem. The
rotational components are consisted with two terms: e.g. U,"=0y;/8y-0y,/0z. This is algebraically a synonymity with
an expression U;"=(0w; /dy+0,) -(0w, /dz+0)), however, numerically different when |6;| >>| U,” |. This is a problem
specifically to discrete analysis, so we will propose for them a solution called “Discrete Helmholtz-decomposition
technique”. For dilatational component U}, we will propose a novel expression: i.e. vector {U/*}={8y;"/éx;} instead of
gradg and call “Discrete Helmholtz-decomposition”. The decomposed analysis is indispensable when a slip condition
is necessary for dilatational components. {8y;*/6x;} allow slip conditions.
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