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Summary The SAS model (Scale Adapted Simulation) was invented by Menter and co-
workers [1]. The idea behind the SST-SAS k£ — w model is to add an additional production term
— the SAS term — in the w equation, which is sensitive to resolved (i.e. unsteady) fluctuations.
When the flow equations resolve turbulence, the length scale based on velocity gradients is much
smaller than that based on time-averaged velocity gradients. Hence the von Karmén length scale,
L.k, is an appropriate quantity to use as a sensor for detecting unsteadiness. In regions where the
flow is on the limit of going unsteady, the objective of the SAS term is to increase w. The result is
that k and v are reduced so that the modelled dissipation (i.e. the damping effect) of the turbulent
viscosity on the resolved fluctuations is reduced, thereby promoting the momentum equations to
switch from steady to unsteady mode.

The SST-SAS model and the standard SST-URANS are evaluated for developing channel flow.
Unsteady inlet boundary conditions are prescribed in all cases by superimposing turbulent
fluctuations on a steady inlet boundary velocity profile.

The Turbulence Model

The constitutive model for the turbulent Reynolds stresses — the Boussinesq assumption
— which is used in the Navier-Stokes equations reads
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where the continunity equation, 04u;/0x; = 0, was used in the last equality. The SST-SAS

turbulence model reads
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where S and U” are generic first and second velocity derivatives, respectively. The addi-
tional term in the SAS model is the underlined Ps4¢ term in the w equation.

The source term, Ps g, includes the second velocity gradient. This is interesting because
the von Kdrmén length scale decreases when the momentum equations resolve (part of)
the turbulence. The von Kdrméan length scale is smaller for an instantaneous velocity
profile than for a time-averaged velocity, see Fig. 1. When making unsteady simulations,
the momentum equations are triggered through instabilities to go unsteady in regions
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Figure 1: Velocity profiles from a DNS of channel flow. Solid line: time-averaged velocity with
length scale L, 1p; dashed line: instantaneous velocity with length scale Ly 3p.

where the grid is fine enough. With traditional turbulence models, high turbulent viscosity
dampens out these instabilities. In many cases this is an undesired feature, because, if the
flow wants to go unsteady, it is usually a bad idea to force the equations to stay steady.
One reason is that there may not be any steady solution. Hence, the equations will not
converge. Another reason is that, if the numerical solution wants to go unsteady, the large
turbulent scales will be resolved instead of being modelled. This leads to a more accurate
prediction of the flow.

The function of the SAS term in Eq. 2 acts as follows: in regions of fine grid, resolved
unsteadiness will appear. This gives a small L,x3p and hence — through Pgss — a
large w which gives a reduced k£ and ;4 and a reduced modelled dissipation, €;s. Hence
the resolved unsteadiness is not dampened, but instead part of the turbulence is resolved.
This gives an increased accuracy since a smaller part of the turbulence is modelled.

In traditional turbulence models the opposite happens: when in regions of fine grid, re-
solved unsteadiness appears, the production term Py, increases which results in an increased
turbulent viscosity. The resolved unsteadiness and the result is a reduced accuracy. Also,
as mentioned above, perhaps no converged solution will be obtained at all.

Evaluation of the von Karman length scale in fully developed channel flow

In Fig. 2 different turbulent length scales are evaluated using DNS data of fully developed
channel flow. Only viscous dissipation of resolved turbulence affects the equations in DNS.
This implies that the smallest scales that can be resolved are related to the grid scale. The
von Karman length scale based on instantaneous velocities, (L,x 3p), is shown in Fig. 2.
For y > 0.2, its magnitude is close to Ay, which confirms that the von Kirmédn length
scale is related to the smallest resolvable scales. Closer to the wall, (L,x 3p) increases
slightly while Ay continues to decrease.

The von Kérmén length scale, L,k 1p

Lykip =&k
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Figure 2: Turbulent length scales in fully developed channel flow. Left: global view; right: zoom.
DNS. 962 mesh. Re, = 500. Az/§ = 0.065, Az/§ = 0.016, y-stretching of 9%. — : (Lyk 3p); - - - :
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(a) SST-SAS. (b) SST-URANS
Figure 3: Resolved shear stresses. — : /0 =3.33;---: /0 =23;-.-:2/6 = 97.

based on the averaged velocity profile, (z) = (%)(y), is also included in Fig. 2 and, as can
be seen, it is much larger than (Lyx 3p).

Near the wall, L,k 1p increases because the time-averaged second derivative, 0%(u)/0y?,
goes to zero as the wall is approached. This behavior is not seen for the three-dimensional
formulation, (Lyx3p)-

Results

A 256 x 64 x 32 node mesh (z, streamwise; y, wall-normal; z, spanwise) was used. The
size of the computational domain iS %y, = 100, Ymaer = 2 (geometric stretching of 17%)
and z,q; = 6.28. This gives a Azt and Az of approximately 785 and 393, respectively,
and yT < 1 near the walls, expressed in inner scaling. In outer scaling, §/Az ~ 2.5 and
§/Az ~ 5. The time step was set to Atu,/§ = 4.91 - 1073. The Reynolds number is
Re; = u,6/v = 2000. Neumann boundary conditions are prescribed at the outlet.

The results using the standard SST-URANS model and the SST-SAS model are presented
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Figure 4: Turbulent viscosity. — : /6 = 3.33; ---: 2/d = 23;-.-: /0 = 97; v: from a 1D

simulation with the SST model.

below. Figure 3 show the predicted resolved Reynolds shear stresses. As can be seen, the
stresses predicted by the SST-SAS model decay at a slower rate than those predicted by
the SST-URANS model. The reason is that the turbulent viscosity is smaller with the
SST-SAS model than with the SST-URANS model (Fig. 4), which makes the dissipation
of the resolved fluctuations smaller with the former model. It can be noted that, at the
end of the channel (z/6 = 97), the turbulent viscosity obtained with the SST-URANS
model is equal to the turbulent viscosity predicted in a one-dimensional channel using the
SST-URANS model (see Fig. 4b) and that the resolved stresses are zero. Hence, the flow
has returned to fully steady conditions.

Conclusions

The SST-SAS model was compared with the standard SST-URANS model in channel
flow. Unsteady, turbulent inlet boundary conditions are prescribed in both cases. It was
confirmed that the SAS term acts as expected: it reduces the turbulent viscosity compared
to the SST-URANS model and the resolved fluctuations are much larger with the SST-SAS
model than with the SST-URANS model.

The SAS model and more results can be found in [2]
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