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IV. Research Results in AY 2022

In 2022, we proposed the Carrier-Domain Method (CDM) to reduce the computational cost of wind
turbine long-wake flow analysis. We introduced two versions of CDM, where the computational
domain (CD) moves in a continuous fashion (CDM-C) and the computational domain moves in a
discrete fashion (CDM-D). We gave computation examples with the CDM-D on 2D flow past a circular




cylinder at Reynolds number 100 (see Figure 1), and with CDM-C on 3D flow past a circular cylinder
at Reynolds number 100. After that, we gave engineering applications on the wind turbine long-wake
flow analysis at High Reynolds number (see Figure 2).
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Figure 1: 2D cylinder long-wake flow. Instant vorticity obtained from CDM-D computation. The CD
at different integer time-period (T), colored by vorticity
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Figure 2: 3D wind turbine long-wake flow. Instant isosurfaces corresponding to a positive value of
the second invariant of the velocity gradient tensor obtained from CDM-C computation. The CD at
different integer T, colored by velocity magnitude

V. Summary (From April 2020 to May 2023)

I am grateful to SGU, which provided me the opportunity to study aboard and to get instructed by
researchers at top global universities in the area I focused on. During the three years of study, the
CDM was successfully proposed with inspiring innovations for high-resolution computation of long-
wake flows. The CDM has both the cost-effectives needed to make the computations practical and
the accuracy needed in the long-wake computations to correctly represent the vortex patterns far
downstream. We demonstrated how the CDM works by computing, with the CDM-C and CDM-D, 2D
flow past a circular cylinder at Reynolds number 100. Beyond that, we gave limitations on how to
choose computational domain moving speed and computational domain length in the CDM. We also
demonstrated that, with the CDM-C, 3D long-wake flows behind a circular cylinder as well as the
wind turbine long-wake flows at high Reynolds number could be accurately resolved with less
computational cost. The results showed the power of CDM in high-resolution computation of time-
periodic long-wake flows.




