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0 1: Geometry
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(squential) (parallel)
Initialize MPI _Initialize
! time loop
do istep=1, nstep do istep=1, nstep
I Runge-Kutta step
do krk=1, 3 do krk=1, 3
compute r.s.h of eq.(7) compute r.8.h of eq.(7)
! loop for Fourier modes
do ikx=0, nx do ikx=ibeg(myRank), iend (myRank)
solve eq.(7) for 4*, o*, Ww* solve eq.(7) for 4*, o*, Ww*
0 enddo enddo
compute r.s.h of eq.(8) compute r.8.h of eq.(8)
! loop for Fourier modes
do ikx=0, nx do ikx=ibeg(myRank), iend (myRank)
solve eq.(8) solve eq.(8)
enddo enddo
update 4, 0, W, p by eq.(5),(6) update 4, 0, W, p by eq.(5),(6)
enddo enddo
enddo enddo
MPI_Finalize
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O 2: An example of computating non-linear terms.
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0 3: An example of shuffling data before Fourier transformations. In this case (3 processes)
each 'Rank’ sends their z-cut data to 'Rank 0’ before backward FFT, and the same with the

other Ranks (all to all communication).
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O 4: (a) parallel efficiency (case 1) using 512(z) x 325(y) x 325(z) mesh. (b) parallel efficiency
(case 2) using 3072 x 257 x 257 mesh , (case 3) using 3072 x 1024 x 1024 mesh.
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O 5: (a) Temporally averaged velocity field, for the streamwise-independent Fourier mode at
(left), Rep, = 1500; (center), Re, = 2200; (right) Rep = 3500 (L,/h = 4w, quadrant average
over longer interval O(10000h/up)). The cross-streamwise component is shown by vectors and
the streamwise component is represented by iso-contours: (b) streamwise vorticity field: —,

iso-contours of positive vorticity; ————, negative vorticity.
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0 6: Mean local wall shear stress normalized by the average over the whole walls at four
Reynolds numbers (L, /h = 47), as a function of the distance (a) from the corner, y;! in wall

units, (b) from the wall bisector, y/h.
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0O 7: The PDF of the position of vortex centers: (a),(b) Re, = 1100; (c), (d) Rep
2200 (L,/h = 4m). Vortices with (a), (c) positive streamwise vorticity; and with (b), (d)

negative streamwise vorticity.
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0 8: An instantaneous field (iso-contours of second invariant of verocity gradient tensor) with
parameters Re, = 8300(Re, ~ 480), L,/h = 0.27 (short domain), using 48(x) x 257(y) x 257(z)
mesh. (gray), an iso-contour of streamwise velocity, (red), quasi-streamwise vortices with

positive vorticity; (blue), vortices with negative vorticity.
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