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In [1] the large eddy simulation with stochastic modeling of the sub-grid ac-
celeration (LES-SSAM) for homogeneous turbulence was proposed. The main
motivation of this approach is to account for intermittency of the flow at sub-
grid scales, by emphasizing the role of sub-grid acceleration. In this paper, we
develop further this approach in order to simulate a high Reynolds number
channel flow. We proposed a new sub-grid acceleration model and compared
it with DNS and standard LES.

In LES-SSAM approach of [1], the total acceleration is decomposed on
filtered (resolved) and unresolved part, in a way that the instantaneous model
velocity field ûi is resolved by:
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where ν is the viscosity, and νturb is given by the Smagorinsky model.

In the modeling of the non-resolved acceleration â′

i for turbulent channel
flow, our assumption is to emulate its modulus, |a|, by the product of the
typical velocity increment, u2

∗
/ν∆ (u∗ is the friction velocity and ∆ is the

characteristic cell size) and the frequency, f , considered as stochastic variable:

â′

i = |a|(t)ei(t) = fu2
∗
/ν∆ei (2)

Here ei is a random unit vector of orientation, also simulated in this paper. The
frequency f is supposed to be evolved with non-dimensional parameter τ =

−ln

(

h − y

h

)

, where h represents the channel half-width, and y is the distance

from the wall. The stochastic equation is derived here in the framework of
scaling symmetry [2], and has the following form:

df = [〈lnα〉 + 〈ln2α〉/2]fdτ +
√

〈ln2α〉/2fdW (τ) (3)
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dW (τ) is a Wiener process. The parameters of eq. 3 are −〈lnα〉 = 〈ln2α〉 =

Re
1/3

+ , where Re+ = u∗h/ν. For the starting condition, τ = 0, in this stochas-
tic process, we introduce the characteristic value of frequency prescribed on
the wall f+ = λ/u∗, where λ is determined, as Taylor scale, but in the frame-
work of definitions of wall parameters. This is done as follows: the Reynolds

number, based on friction velocity, is Re+ = u∗h/ν = h/y0 ≈ Re
3/4

h where y0

is the thickness of the viscous layer, and Reh is the Reynolds number based on

the center-line velocity. One then yields: λ ≈ hRe
−1/2

h ≈ hRe
−2/3

+ . Similar to
Kolmogorov-Oboukhov 62, the starting condition for the random path, given
by eq. 3, is sampled from the stationary log-normal distribution of f/f+ with
parameters σ2 = ln 2 and µ = − 1

2
σ2, such that 〈f〉 = (〈f2〉 − 〈f〉2)1/2 = f+.

Hence this stochastic process for frequency will relax f from a log-normal
distribution on the wall (τ = 0) to the power distribution with increasing the
distance to the wall (τ → ∞). The distributions of the frequency predicted
by this stochastic process, on different wall-normal distances, are compared in
fig. 1a with the evolution of the frequency computed from DNS, via eq. 2. It
is seen that the model of frequency allows to predict the DNS relatively well.

In addition to the stochastic simulation of the unresolved modulus of accel-
eration, we simulate also the orientation vector ei. This is done by a random
walk evolving on the surface of a sphere of unity radius. First the computation
of ei from DNS was performed. The result are shown in fig. 1b. It is seen that
ei relaxes toward isotropy with increasing distance from the wall. In order to
represent this tendency toward isotropy, we implement the Kubo oscillator
with a real coefficient α for the random motion on the sphere. Each position

increment of the random walk is given by ζ = αdW (τ) =
√

ln Re+

2
W (τ), and

the direction β, at each time step, is chosen randomly from the uniform distri-
bution. As τ increases, the random walk covers all the surface of the sphere.
In fig. 1b the simulated distribution of θ = sin−1(ey) (ey is the normal to the
wall direction) is compared with unresolved acceleration from DNS. The last
one was computed as difference between actual acceleration, given by DNS
and its filtered value on the scale ∆.

The a posteriori tests of this model is performed by comparing the LES-
SSAM with standard LES and DNS, for three Reynolds numbers, Re+ = 590,
Re+ = 1000 and Re+ = 2000. We used our own DNS data, as well as the
DNS data from [3] and [4]. For LES and LES-SSAM simulations the classi-
cal Smagorinsky model with a wall damping function for the turbulent vis-
cosity has been applied. The grid size is 64 × 64 × 64, and its resolution is:
∆x+×(∆y+

min ∼ ∆y+
max)×∆z+ = 87×(0.71 ∼ 29)×29, 147×(1.2 ∼ 49)×49

and 295×(2.4 ∼ 98)×98 for Re+ = 590, 1000 and 2000 respectively. As shown
on fig. 2, the profiles of mean velocity and of standard deviation of the ve-
locity fluctuations, predicted by LES-SSAM approach, are improved notably.
Fig. 3a illustrates the computation of turbulent and viscous stresses. It is
seen that computation of momentum fluxes in the wall-normal direction, is
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Fig. 1. (a): Distribution of f/f+ from SSAM (cross) and comparison with DNS
(line) at Re+ = 590, for several distances from the wall. (b): Distribution of θ =
sin−1(ey) for unresolved acceleration from DNS (line) and from SSAM (cross), for
Re+ = 590, and for several distances from the wall (y+ = 3, y+ = 10 and y+ = 30).
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Fig. 2. (a): Streamwise mean velocity, for Re+ = 590, Re+ = 1000 and Re+ = 2000
from bottom to top, respectively, shifted by 10 wall units upward. Standard deviation
of streamwise (u), spanwise (w) and normal (v) velocity (in wall unites), for (b):
Re+ = 590, (c): Re+ = 1000 and (d): Re+ = 2000. Square: LES; cross: LES-SSAM;
dash: DNS (only for Re+ = 590 and Re+ = 1000); dots: DNS from [3] for Re+ = 590
and from [4] for Re+ = 1000 and Re+ = 2000.
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improved in comparison with LES. Velocity spectra are shown in fig. 3b. The
excessive damping of energy on small scales, which is inherent to LES, is
reduced by LES-SSAM. Fig. 3c represents the evolution of the longitudinal
autocorrelation coefficient for the streamwise velocity component along the
channel. Improvement of the decorrelation length can be seen as well, when
LES-SSAM is used. Fig. 3d displays distribution of acceleration component
in the spanwise direction. In agreement with the DNS, the LES-SSAM dis-
tribution exposes stretched tails, as a manifestation of the close to the wall
intermittency, which is not the case by using LES.
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Fig. 3. Reynolds number of Re+ = 1000. (a): Fractions of turbulent τturb = −ρ〈u′v′〉

and viscous τvisc = −ρν〈
∂u

∂y
〉 stresses compared to the total one τtot = τvisc + τturb.

(b): Normalized longitudinal 1-D spectra of streamwise velocity for y+ = 20. (c):
Longitudinal autocorrelation of streamwise velocity at y+ = 5. (d): Distribution of
spanwise component of acceleration for y+ = 5. Square: LES; cross: LES-SSAM;
dash: DNS; dots: DNS from [4] (uniquely for (b)).
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