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Spatially arbitrary order algorithm in turbulent rectangular pipe flow
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The turbulent secondary flow in a rectangular pipe is caused by the Reynolds stress which concentrates corners as
Reynolds number increases. Although this concentration requires numerical accuracy, singularities at the corner
points significantly result in a loss of accuracy. For a high precision modeling of the secondary flow, we describe
the arbitrary order algorithm with the small computational cost O(N?2) (N2: the number of quadrature points) to
solve the modified Helmholtz equation in a rectangular region. In this algorithm corner singularities are removed
by using singular corner functions which have the same discontinuities at the corner points. Then, we can obtain
the remained regular solution as the series of the basis functions which shows exponential convergence.
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Fig. 1: Velocity fields (left) and vorticity fields (right) of
turbulent Secondary flow in a square pipe at Re, = 450
(top) and Re, = 1050 (bottom).
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