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Figure 1 Normalized time correlation R(k, 7) vs time lag 7 with starting time 7=0.5. (a) k=5; (b) k=9; (c¢) k=13; (d) k=17, —DNS; - - - -dynamic
Smagorinsky; ------ Smagorinsky; — . — multiscale eddy viscosity; — — - spectral eddy viscosity. Figure reproduced from ref. [12].
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Figure 3 The iso-contours of space-time correlations. The inner
curves for level 0.9; The outer curves for level 0.5. (a) y*=2.08; (b)

y=19.75; (c) y*=96.08; (d) y*=180. Figure reproduced from ref.
[22].
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Figure 4 The integral scales of the directional correlations. Figure
reproduced from ref. [22].
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Figure 5 The radial distribution function of heavy particles in
turbulent flow versus particle Stokes number obtained from DNS,
FDNS and LES. LES under predicts <g(R)> of particles at small
Stokes number (Stxg<1l), while over predicts <g(R)> of particles at
moderate Stokes number (1<S7xg<10). Subgrid scale motions have
little effects on <g(R)> of particles at large Stokes number (Stx>10).
Figure reproduced from ref. [14].
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Figure 6 Particle radial relative velocity <Wr(R)> induced by
turbulence versus particle Stokes number obtained from DNS, FDNS
and LES. LES significantly under predicts <Wr(R)> of particles at
small Stokes number (S7x<1), while subgrid scale motions have little
effects on <Wr(R)> of particles at large Stokes number (Stx>10).
Figure reproduced from ref. [14].
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Figure 7 (Color online) Lagrangian timescale of subgrid fluid
motion seen by heavy particles versus particle Stokes number. It
shows that the timescale non-monotonically changes with Stokes
number. Figure reproduced from ref. [28].
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Figure 8 Effects of gravitational settling velocity on the Lagrangian
timescale of subgrid fluid motion seen by heavy particles. The
gravitational settling velocity persistently reduces the interaction
timescale between particle and subgrid scale eddies.
reproduced from ref. [28].
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Figure 9 (Color online) The turbulent relative dispersion of heavy particles obtained by using direction numerical simulation (DNS), filtered
DNS (FDNS), large-eddy simulation (LES) and LES with particle subgrid scale model of stochastic differential equation (SDE). (a) Particle
relative dispersion without gravity force; (b) particle relative dispersion with gravity. Figure reproduced from ref. [28].
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Space-time correlation method for large-eddy simulation
of turbulent flows

JIN GuoDong, CHEN JinCai, SHI Beili & HE GuoWei

State Key Laboratory of Nonlinear Mechanics, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China

This paper reviews the space-time correlation method for large-eddy simulation (LES) of turbulent flows. The
method can be used to validate and develop the new subgrid scale models for large-eddy simulation, with the aim to
improve the time accuracy in terms of either Eulerian or Lagrangian space-time correlations. The broadly-used
eddy-viscosity subgrid scale models are developed based on the turbulent energy budget equations. They can yield
correct energy spectra in wavenumber space. However, they cannot correctly produce the energy-spectra in frequency
space. It is shown that LES with eddy-viscosity-type SGS models in decaying isotropic turbulence over-predicts time
correlations compared with DNS. Several subgrid scale models are compared and lead to the following results: the
dynamic Smagorinsky model provides much more accurate predictions than the classic Smagorinsky model and slightly
more accurate predictions than the spectral eddy-viscosity model. The multiscale LES using the dynamic Smagorinsky
model on the small scale equations is the most accurate one. In turbulent channel flows, the decays of space-time
correlations in LES flow field are obvious slower in viscous sublayer and buffer layers than those in DNS, while the
results in the log-law region and outer region are similar with DNS. The main physical mechanism is that the subgrid
scale models only act as a factitious viscosity to dissipate subgrid scale energy, they cannot modeling the random
backscatter of energy from small scales to large ones. For particle-laden turbulent flows, the unresolved small scale in
turbulent motions affect the level of clustering of particles and result in an under-prediction of collision rate and
relative dispersion of heavy particles at small and moderate Stokes numbers. The model of the subgrid scale
Lagrangian timescale accounting for the effects of gravitational settling velocity is established for the closure of
particle subgrid scale model based on the stochastic different equation. This model is used to improve the prediction
of relative dispersion of heavy particles by turbulent flows.

turbulent flows, large-eddy simulation, space-time correlation, turbulent noise, particle-laden turbulent flows
PACS: 47.27.E-, 47.27.ep, 47.27.Gs, 47.27.tb, 47.55. Kf
doi: 10.1360/SSPMA2015-00446
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