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Abstract: In this paper, a numerical study is conducted on flat plate boundary layer with numerical trip using the large-eddy
simulation based on the open-source computational fluid dynamics platform OpenFOAM. Suction-blowing boundary conditions and
three different scales of square trip wires are employed respectively, presenting the flow field information of the flat plate boundary
layer after different artificial transition methods, including the time-averaged friction coefficient on the flat plate surface,
time-averaged velocity profile and root mean square of wall fluctuating pressure. The frequency spectrum of wall pressure
fluctuation, the velocity spectrum within the boundary layer and the pre-multiplied energy spectrum in different regions downstream
of the transition point are analyzed. The results show that different artificial transition methods can all stimulate boundary layer
transition. Square trip wire leads to the separation of the boundary layer and significant fluctuations in the boundary layer parameters
near the trip wire. The transition process under suction-blowing conditions is more gradual and has less impact on the flow field.
Within a certain range downstream of the artificial transition point, the spectral level of wall pressure fluctuation is higher than that in
the fully developed turbulent region. Near X / & = 150 downstream of the artificial transition point (x is the flat plate distance and 4 is
the trip wire scale), the parameters of the boundary layer excited by various methods gradually converge and coincide well with
experimental or theoretical solutions, which can verify the reliability of the calculation method and artificial transition methods in
stimulating boundary layer turbulence. This is helpful in providing a reference for setting artificial transition trip wires on underwater
vehicles.
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