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Fig. 1. Analysis of dissipation and dispersion: (a) Dissipa-
tion; (b) dispersion.
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Fig. 2. The curve of Lo error (a) vs. mesh scale h; (b) vs.
CPU time.
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Table 1.  Comparison of Lo error and accuracy of order.
ADCS DCS

PR - o

Loir# i B LoiwZs W
322 5.91520x10~° — 5.49050x 1077 —
482 4.14450x 109 0.87 3.84780x 1079 0.88
642 2.33030x10~? 2.01 2.06870x10~? 2.16
962 2.59250x10~10 5.42 5.15010x 10~ 10 3.43
1282 5.39380x 10~ 11 5.46 1.26630%x 1010 4.88
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Fig. 3. Vorticity magnitude contour of 642 grid: (a) DCS; (b) ADCS.
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Fig. 4. Vorticity magnitude contour of 1282 grid: (a) DCS; (b) ADCS.
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Fig. 5. Comparison of u velocity profile at centerline: (a) 64%; (b) 1282.
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Fig. 6. Comparison of energy-spectral: (a) Upt/L = 98;
(b) Uot/L = 171.
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(a) ADCS (atin); (b) ADCS; (c) DCS

Fig. 7. @ -criterion iso-surface at Upt/L = 98: (a) ADCS (amin); (b) ADCS; (c) DCS.

8 Uot/L = 1714 Q %t =
Fig. 8. @ - criterion iso-surface at Upt/L = 171: (a) ADCS (amin); (b) ADCS; (c¢) DCS.
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Fig. 10. @ criterion iso-surface at Re, = 180: (a) DCS;
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Fig. 11. The contour of f3 and a of ADCS at Re, = 180:
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(@)

Bl 12 y=01H &b yJ7 &5 i = K
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Fig. 12. The contour of vorticity y at y = 0.1H: (a) DCS;
(b) ADCS.
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Fig. 13. Q criterion at the wake of circular cylinder: (a) DCS;
(b) ADCS.
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Fig. 14. Cp around the circular cylinder.
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Fig. 16. Mean velocity profile at x/D = 1.06,1.54,2.02:
(a) u; (b) v.
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Fig. 17. Reynolds stress profile at x/D = 1.06,1.54,2.02:

(a) w'u'; (b) w'v'; () v'o'.
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Fig. 18. Mean velocity profile at /D = 4.0,7.0,10.0: (a) u;
(b) v.
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Fig. 19. Reynolds stress profile at z/D = 4.0,7.0,10.0:

(a) w'u'; (b) w'v'; () v'o'.
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Abstract

Separate flow is a typical complex turbulent phenomenon. The full development of small-scaled structures
is of great importance for accurate numerical simulation. However, these small-scaled structures can be easily
damped by the inherent dissipation of numerical method. Therefore, based on the 5th-order dissipative compact
scheme (DCS), we propose an adaptive dissipative compact scheme (ADCS), which can adjust the numerical
dissipation with self-adaptive capability by incorporating a flow related adjusting parameter. Combining with
the delay detached eddy simulation (DDES), the ADCS can reduce the influence of numerical dissipation in
LES region to enhance the ability to discern small-scaled structures, and restore the normal dissipation level in
the RANS region to keep numerical stability. In the process of numerical simulation, firstly, the approximate
dispersion relation (ADR) is obtained, it shows that the ADCS method can effectively reduce the influence of
dissipation in the high wave number region, without contaminating the dispersive performance, which is
conducive to enhancing the resolution of turbulent structures. Secondly, the advection of vortical structure is
simulated. Compared with DCS, the ADCS can reach the theoretical accuracy in an efficient way and acquire
more advanced resolution of vortical structure even on a relatively coarse mesh scale, which proves that the
ADCS reduces the negative influence of dissipation on vortical structure. The third case is the decay of isotropic
turbulence. The energy spectral curves stay close to the reference before cut-off number, showing that more
small-scaled structures can be distinguished by the ADCS method, and most of the vortical dominated regions
are solved at a near-minimum level. The forth case is the plate channel turbulent flow. Both of DCS method
and ADCS method give acceptable results. The ADCS method is performed with optimal dissipation in the
near-wall region and reduces the dissipative level in the vortex dominated region, and it is also exhibited that
the ADCS method can maintain the stability for flow with high gradient and avoid divergence. Finally, the sub-
critical Re = 3900circular cylinder is simulated, and the fully separate flow is developed in the wake. The
turbulent fluctuation near the wall is sensitive to the effect of numerical dissipation. The contour of flow field
shows that the ADCS method obtains more small-scale structures. As for the pressure coefficient and mean
velocity, the ADCS method shows an acceptable accuracy. Considering the Reynolds stress profile, which can be
easily affected by the dissipation, the ADCS exhibits more accurate results than the traditional DCS method.
Generally, the ADCS method can reduce the influence of dissipation and is beneficial to acquiring more accurate

results in separate flow.

Keywords: separated flow, delayed-detached eddy simulation, adaptive dissipative method, dissipative

compact scheme
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