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I N Ref. 1, Speziale has proposed new subgrid scale models that
allow a direct numerical simulation (DNS) to go continuouslyto

a Reynolds averaged Navier–Stokes computation (RANS) through
large eddy simulations (LES) and very large eddy simulations
(VLES), depending on the level of resolution. Two points are fun-
damental in his approach. The � rst is the parameterization of the
resolution level in terms of the ratio r between 1, the computa-
tional mesh size, and L K , the Kolmogorov length scale,

r D 1=L K (1)

and the second is to recover a state-of-the-artReynolds stress model
in the limit of r ! 1, so that an LES goes continuouslyto a RANS
computation.As stated on page 179 of his paper [Eq. (78)], this can
be accomplished in mathematical terms by models of the form

¿i j D [1 ¡ exp.¡¯r/]n¿
.R/

i j (2)

where ¿i j is the subgrid-scalestress model, ¿ .R/

i j is a Reynolds stress
model, and ¯ and n are constants.

In our opinionsome arbitrarinessof this very interestingapproach
couldbe removedby applyingthedynamicmodelingprocedure.Let
us rewrite Eq. (2) in the following general form:

¿i j D f .r /¿
.R/

i j (3)

and let us argue which is the best approximation to the function f .
We knowthat the Reynoldsstressmodel and the subgrid-scalestress
model must be related by the identity2

¿
.R/

i j D h¿i j i C Ti j (4)

where h¢ ¢ ¢i is the in� nite time average and Ti j is the resolved stress
given by

Ti j D h Nu i Nu j i ¡ h Nu i ih Nu j i (5)

The identity (4) can be easily veri� ed by noting that the Reynolds
stress ¿

.R/

i j and the subgrid-scale stress are given formally by the
relations

¿
.R/

i j D hui u j i ¡ hu i ihu j i
(6)

¿i j D ui u j ¡ Nu i Nu j
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where the overbar stands for the partial average at the particular
resolution level and where we have assumed that

h¢ ¢ ¢i D h¢ ¢ ¢i (7)

This last condition is in our opinion as essential for a practical LES
as the conditions examined by Speziale in his paper,1 and we refer
to Ref. 3 for more details on that.

Let us now explain how the identity (4) can be dynamically ex-
ploited to produce a function f .r / consistent with the results. We
notice that the resolved stress Ti j can be calculated during the sim-
ulation with an increasing accuracy, and if we substitute in Eq. (4)
expression (3) for ¿i j , the residual

Q i j D ¿
.R/

i j ¡ f .r/¿
.R/

i j ¡ Ti j (8)

should be minimized in the least-square sense. This procedure is
similar to that applied by Lilly4 to the dynamic model,5 and the
� nal result is

f .r/ D 1 ¡
¿

.R/

i j Ti j

¿
.R/

i j ¿
.R/

i j

(9)

that produces a function f .r / that correctly goes to one when
Ti j ! 0, the RANS limit, and goes to zero when Ti j ! ¿

.R/

i j , the
DNS limit. In conclusion we think that the approach proposed by
Speziale is extremely interesting from both a practical and a the-
oretical point of view. As remarked in his paper, the state of the
art of the existing Reynolds stress models and their applicability to
nonequilibriumturbulent � ows makes their extension to LES very
attractive. The capability of a model of bridging spontaneously the
gap between DNS, LES, and RANS is a fundamental issue, and
the proposal of a modulating function very stimulating. A dynamic
approach to the determination of this bridging function could be
worthwhile to explore.
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Reply to M. Germano
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G ERMANO presents some relevant points. Indeed, it may be
possible to use the formalism of the dynamic subgrid-scale

model to develop the form of the grid function that is now empiri-
cally based. I have only one concern.The formalismof the dynamic
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subgrid-scalemodel is based on a test � lter. This compromises the
ability to apply this technique in complex geometries.That is why I
stayed away from this technique.However, it is possible to calibrate
the model by this means, although I have some lingering doubts.
There is no question that the correct parameter to calibrate subgrid-
scale models is the ratio of the grid size to the Kolmogorov length
scale, as discussed at length in the paper. This is the parameter that
determineshow well resolveda computationis in the numericalsim-
ulation of turbulence. (When this parameter is of order one or less,
one has a direct simulation where all relevant scales are resolved.)
It remains an open question as to what the speci� c functional de-
pendence is in the grid function.Perhaps the dynamic subgrid-scale
approach will be useful in this regard.
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