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ABSTRACT

This paper considers the present and possible future state of hybrid turbulence models, which blend
statistical Reynolds- Averaged Navier- Stokes (RANS) closures with Large- Eddy Simulation (LES)
methods. Experience gathered from existing hybrid formulations is beginning to confirm their ability to
bridge the near- wall region in unsteady simulations of high- Reynolds number, separated flow. However,
the issue of kinetic energy transfer between regions of differing spatial resolution still limits the range of
applicability of the current generation of hybrid methods. A potential for greater generality exists, whereby
local grid refinement would automatically lead to a detailed treatment of selected flow regions at a cost
lower than that of either conventional LES, or LES with near- wall RANS. Constructing a general hybrid
method that interfaces seamlessly between RANS and LES (and vice versa) requires additional
considerations relating to spatial/temporal resolution and the transfer of modeled turbulence kinetic energy
into resolvable structures.    This paper reports some progress in this area.

NOMENCLATURE
k   -  Turbulence kinetic energy, m2/s2

L   -  Length scale, m
Pk   -  Turbulence production rate, m2/s3

Re   -  Reynolds number
S   -  Strain tensor, Si j

S   -  Strain magnitude = (2Si jSi j)0.5

S*   -  Dimensional strain magnitude = Se/k (s- 1)
V   -  Velocity scale, m/s
a      -  LNS latency parameter 
e -  Turbulence dissipation rate, m2/s3

m -  Dynamic viscosity coeff., kg/(m.s)
n       -  Kinematic viscosity coeff., (m2/s)
mt   -  Turbulence eddy viscosity , kg/(m.s)
W   -  Vorticity tensor, Wi j

W   -  Vorticity magnitude = (2Wi j Wi j)0.5

r       -  Density, (kg/m3)

)
~

(f -  Favre- average of f

)(f  -  Time- average of f

INTRODUCTION
Due to the continued high cost of direct
numerical simulation (DNS) and traditional large
eddy simulation (LES), engineering predictions of
turbulent flow continue to be dominated by
simple (single- point, isotropic) Reynolds-
Averaged Navier- Stokes (RANS) models.
Despite acknowledged uncertainties over the
practice of unsteady RANS, these models are

frequently entrusted with the task of predicting
flows which exhibit large- scale unsteadiness.
Conventional RANS models, although designed
to return statistically- steady solutions, may allow
some large- scale motion to be captured as part of
a time- dependent simulation, but tend to give an
overly- diffusive response, particularly to
perturbations on time- scales smaller than that
associated with the local state of the turbulence.
Whilst DNS and traditional LES remain
prohibitively expensive for most practical high-
Reynolds number flows, there is a growing
realization that the simulation of unsteady flows
may not be best treated by RANS technology,
which imposes limits on the representation of the
flow physics - a representation which, beyond
some measure, cannot be improved by increased
temporal and spatial resolution. These points
continue to motivate our pursuit of an alternative,
intermediate framework.  

LNS
The Limited Numerical Scales (LNS) approach
outlined by Batten et al.(2000) was inspired by
the earlier contribution of Speziale (1996), who
proposed a hybrid framework in which the stress
tensor from a Reynolds- stress model would be
damped via:  

)(mjuiujuiu ¢¢=¢¢ a
[1]
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where the m in parentheses implies the stress
tensor derived from the underlying RANS model.
The latency factor, a, is used to shield the mean
flow from the resolvable portion of the turbulence
kinetic energy. In the original proposal of
Speziale (1996), the stress damping was
determined as some (incompletely specified)
function of the Kolmogorov scale - an idea
which has more recently been pursued by Peltier
et al. (2000) and Arunajatesan and Sinha (2001).
The key ingredient of the LNS approach of
Batten et al.(2000) was an alternative
(parameter- free) definition of a based on the
ratio of products of turbulence length- and
velocity- scales: 

RANSVLRANSVLLESVL ./].,.min[=a [2]

in which L.VLES is the product of the length and
velocity scales used in the chosen LES model and
L.VRANS is the product of the (realizable) length
and velocity scales used in the chosen RANS
model. The motivation for this choice of a is to
ensure the shear stress (the only relevant stress-
tensor component in the case of an isotropic sub-
grid model) be a continuous function, given by
the minimum of the two (LES and RANS)
formulations. With the above definition of a, the
LNS model behaves in one of two modes - LES
(if a<1), or RANS (if a =1). Thus, there are no
modifications that necessitate model re-
calibration in either of these limiting cases.  

Fig. 1. Turbulence energy spectrum partitioned
into resolvable and unresolvable frequencies

The physical interpretation of LNS is that ak
corresponds to unresolvable sub- grid turbulence
kinetic energy, which must therefore be modeled
(see Fig. 1).  The (1- a)k quantity is interpreted as
resolvable turbulence kinetic energy which, given
the local grid resolution, could (and should) be
represented directly. Similarly, ae is interpreted
as the dissipation which applies to the

unresolvable scales, and (1- a)e as the dissipation
or transfer which applies to the resolvable scales.
The total1 dissipation rate applies to the total
turbulence energy, k (it is during this decay
period where one has the option of transferring
this energy into resolved structures), but the sub-
grid drain is defined only by the unresolvable
fraction of the modeled turbulence.

LNS Formulation
The essence of the LNS approach is the
identification of these resolvable and
unresolvable fractions of the turbulence kinetic
energy (and their respective dissipation rates) and
hence the identification of the portion of the
modeled stress- tensor which influences the
resolved flow through the effects of sub- grid
motion. For a linear (Boussinesq) eddy- viscosity
model, this effect is limited to

ermmaeaarmmm ~/2~
)~/(2)

~
( kfCkfCt ==

Hence, the task reduces simply to that of
multiplying the eddy- viscosity by a number
between 0 and 1. In the present work, the model
equations happen to be based on a non- linear
(cubic) k- e model:
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The Reynolds- stress tensor is defined via a
tensorial expansion which is cubic in the mean
1 This is a change made since the original LNS
proposal in Batten et al. (2000).
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strain and vorticity tensors (see Batten et al.,
2000) and scaled, as in Equation [1], by the
latency factor, a, giving:
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in which the strain tensor, S,  is given by:  
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and the vorticity tensor, W, by:
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The remaining coefficients in the above non-
linear expansion are given by: 
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For the specific choice of Smagorinski and k- e
models, a reduces to:

[ ]
de

de
a

m

m

+

+
=

D

~/
~

~/
~

,)(min
2*

2**2

kC

kCSLCS

in which CS is the Smagorinski constant, here
taken as 0.05. Cm is typically taken as 0.09, but is
modified here (see above definition) because of
our particular choice of non- linear eddy-
viscosity model. Finally, d is a small number to
allow a to approach unity without singularity as k
vanishes.  

For an arbitrary unstructured control volume, the
mesh spacing, LD, is taken as: 

L
D

= 4max
k= 0,n

—r
c
B —r

k [3]

where n is the number of faces forming cell c,

—r c is the centroid of cell c and —r k is the

mid- point of face k. For a Cartesian mesh, this
reduces to 

],,max[2 zyxL DDD=D

whose reciprocal corresponds to the Nyquist
frequency of the grid. When isotropic fine grid
regions are encountered by the LNS method, the
scaling of the predicted Reynolds- stress tensor by
a, causes the effective viscosity to be instantly
reduced to the levels implied by the underlying
LES sub- grid model. The total turbulence
energy continues to decay at the rate prescribed
by the total dissipation, e, with the local flow also
experiencing a decreased rate of production due
to the reduced magnitude of the stress- tensor
components. The DES approach of Spalart
(1997,2000) achieves a similar reduction in
effective viscosity, but through an elevated
dissipation rate, rather than a reduced production
rate.

Whilst there is no specific requirement for the use
of a cubic k- e closure as the baseline RANS
model, the minimal extra cost of the anisotropic
model is overshadowed by its advantages:

1. The hybrid model should degenerate to the best
possible RANS model wherever the local
resolution becomes too coarse to support LES.

2. Robustness is a high priority in a commercial
code and is elegantly achieved in many situations
through a mathematical enforcement of
realizability. In regions of large strain rate,
realizable models (such as the present cubic
model) progressively decouple the turbulent
stresses from the mean strains. Non- realizable
RANS models (eg. standard k- epsilon) miss this
behavior and, as a result, may violate a Schwartz
inequality, leading to potentially huge local
effective diffusivities. Any explicitly treated flux
fragments in these regions (for example, as a
result of grid skewness or cross- derivative terms)
can rapidly lead to instability.

3. Since it is impossible to construct unsteady
data with a non- realizable co- variance matrix, a
realizable stress tensor is an essential pre-
requisite for the synthesis of large- scale velocity
fluctuations which asymptote to the correct target
shear stress in the long- time average.
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Temporal- Resolution Constraint on 
Filter  Size

Existing hybrid models rely on a measure of the
local mesh spacing in order to modify the levels
of the effective sub- grid viscosity. The length
scale used is typically of the above form [Eqn. 3],
such that for high- aspect ratio near- wall cells
(where one has no hope of accurately resolving
the small near- wall eddies anyway), the model
reverts to RANS. Equivalent length- scale
definitions are adopted in both LNS (Batten et al.,
2000) and DES (Spalart et al., 1997) methods (we
are grateful to Michael Strelets for a useful
private communication on this point). To be
effective in reducing simulation cost (relative to
traditional LES), hybrid methods should not
require a fine degree of temporal resolution in the
near- wall layer, since the flow is, for the most
part, being represented as quasi- steady in that
region. However, it is common gridding practice
to decrease cell aspect ratios considerably in
regions of high geometric curvature. 

Fig. 2.  Reduced- aspect ratio cells near high
geometric curvature

Fig. 2 shows the extreme example of a mesh in a
convex corner region. Simulation costs would
rise sharply if the time- step used in our hybrid
calculations were required to be sufficiently small
to accurately resolve the eddies in these few
corner cells. Therefore, an additional temporal
constraint is proposed:

úû
ù
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é DD=D tqLL 2,max

in which q is the velocity magnitude, relative to
the local grid frame. Regardless of implicit
stability or temporal order of accuracy, non-
linearity ensures that the Courant- Friedrichs-
Lewy condition on the particle velocity forms a
limiting constraint on accuracy. Thus, where the
local convective CFL number is less than unity,
the above modification has no effect on the filter
length. However, as the convective CFL number
increases beyond 1, the filter length increases,

reaching the RANS limit as Dt reaches infinity -
our only recourse once we are no longer able to
directly resolve the turbulent structures.

Towards Embedded LES
There are many relevant flow scenarios, such as
cavities, base- flows, wakes and massive
separation, in which flow unsteadiness is
inherently strong, self- initiating and self-
sustaining. In these situations, existing
RANS/LES hybrid methods are likely to require
no further modification in order to show
improved predictions relative to unsteady RANS
calculations. However, a caveat hindering more
general applicability of these hybrid methods is
the uncertainty over correct boundary conditions
for an embedded LES zone. An embedded zone
is taken to mean either an overlaid fine- grid
mesh patch, or a region where the spatial
resolution simply increases gradually.  

Despite reported successes with existing hybrid
RANS/LES methods, (for example, Spalart et al.
(1997,2000), Forsythe et al. (2000), Batten et al.
(2000), Strelets (2001), Peltier et al. (2000),
Arunajatesan and Sinha (2001), Travin et al.
(1999)), these methods all share a common flaw,
namely, that potentially resolvable components of
turbulence kinetic energy get discarded (through
an elevated net destruction), in order to satisfy the
reduced effective viscosity requirements in fine
grid regions. In reality, this resolvable kinetic
energy corresponds to longer wavelength
structures, which ought not to be associated with
the process of dissipation at the finest scales.
Regardless of whether equations are actually
solved for the turbulence kinetic energy and/or
total energy, current practice implies large
wavelength kinetic energy being erroneously
converted instantly to thermal energy. Where
streamwise spacing suddenly clusters, the model
is forced to switch locally to LES, hence it
becomes rather easy to feed a quasi- steady
boundary condition into the downstream (LES)
region. Even in attached boundary- layer flows,
the quasi- steady motion predicted by a near- wall
RANS layer cannot be expected to exert the
correct unsteady behavior on the core flow (LES)
region - Baggett (1998) has suggested this can
lead to difficulties associated with spurious (grid-
dependent) structures. 

The aim of the generalized hybrid approach
considered here, is to remove, as far as possible,
the potential for user error, such that the
employed mathematical model of turbulence
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gives a rational response, whatever the resolution
and variation in the local mesh. 

 RANS- to- LES Inter face Regions
The need for appropriate upstream boundary
conditions in LES or DNS is well recognized.
Druault et al. (1999) for example, show the
dramatic effect of different inlet treatments in
DNS and the importance of accurately
representing large- scale structures. It is common
practice in LES or DNS calculations to apply
periodic boundary conditions, both in the
spanwise and streamwise directions. This
approach can be further generalized to developing
boundary layers by re- scaling the data at the
outlet region, before re- introducing it at the inlet
section (see for example, Lund et al., 1998). For
sufficiently simple geometries, this approach is
extremely appealing, both in terms of
implementation and the (almost negligible) cost
of computing the unsteady inlet flow. However,
the generalization to complex three- dimensional
geometries, separated flow and arbitrary meshes
presents some significant challenges: 

1. Re- scaling would require matching the
spatial/temporal correlations, levels of resolvable
turbulence energy and a possibly modified
anisotropy at the inlet.  

2. The downstream grid may not be able to
resolve motions up to the Nyquist frequency of
the grid in the LES inlet region. 

3. For embedded LES, the recycled periodic
boundaries require positioning within the larger
RANS/LES domain. This places a large burden
on the end user and creates potential sources of
error. 

4. Recycling may not be good for the
environment ! Recycling downstream of abrupt
geometrical changes or massive separation would
pollute the LES inlet region with frequencies and
coherent structures that arise, not from the
universal motions of a strained fluid, but as a
result of downstream geometrical features which
those fluid elements have yet to encounter.

It is conceivable that these difficulties may be
overcome in time, but presently that task appears
more taxing than the alternative proposed below.
Furthermore, in a general- purpose hybrid
LES/RANS scheme, the boundary or interface to
an embedded LES zone need not comprise a
single mesh line, but rather any finite- width
domain over which the spatial resolution

gradually increases. A promising alternative
therefore, is to insist that the model equations
themselves account automatically for this energy
exchange via a stochastic reconstruction or
synthesis of an unsteady turbulent field, which is
being represented, in a statistical sense, by the
RANS data. The hybrid model would then
shoulder the responsibility of automatically
transferring the appropriate fraction of turbulence
energy into resolved kinetic energy. Note that
this proposal does not constitute a zonal
approach, since the same set of equations is
solved throughout the entire domain.  

The task of synthesizing turbulence is more
complex than the development of the basic
(hybrid) transport equations, which require few
additional modeling assumptions and, at least in
the case of LNS, no additional parameters beyond
those appearing in the underlying RANS and LES
models. The conversion from statistically- steady
to unsteady kinetic energy requires some
knowledge of the two- point space- time
correlation and since this information is not
available directly from single- point RANS
closures, further modeling assumptions are
needed. However, a number of developments
relevant to this problem have already been made
in the areas of particle dispersion and acoustics.  

Synthesizing Turbulence
One of the first attempts at generating artificial,
or synthetic turbulence was proposed by
Kraichnan (1969), in which an unsteady velocity
field was reconstructed in physical space from a
sum of Fourier modes. Kraichnan' s turbulence
synthesis has since been extended and applied to
the problem of determining the driving sources
for various acoustics solvers by, for example,
Bechara et al.(1994) Bailly et al.(2000) and
Kalitzin et al.(2000). Kraichnan' s approach does
not account for anisotropy or convection effects
and is not directly applicable to arbitrary
(unstructured) mesh patches. For these reasons, a
slightly different framework is being pursued by
the present authors, in which a model system of
equations is solved for the reconstructed

turbulence velocity components, ku¢
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The matrix bi j, which is taken from the work of
Zhou and Leschziner (1991), accounts for the
covariance of the velocity fluctuations and the
temporal correlation in the small time- step limit.
The diffusion term contains a non- linear,
anisotropic coefficient, designed to coagulate
synthesized regions of turbulence, mimicking the
effect of the spatial correlation in the limit of
small mesh spacing.  

 

Fig. 3. Backstep flow - synthesized turbulent
velocity perturbations

  

Fig. 4. Backstep flow -  large- scale structures
predicted using non- linear disturbance equations

An example of an instantaneous perturbation-
velocity field reconstruction for a backward-
facing step flow is shown in Fig. 3, based here on
turbulence statistics obtained from the non- linear
Reynolds- stress closure of Craft and Launder
(1996). The above synthesis is used to augment
the local convective fluxes in a system of non-
linear disturbance equations, resulting in the
simulation of larger, directly resolved structures
in Fig. 4. The time averages of these
fluctuations are consistent with the underlying
Reynolds- stress tensor (see the example in Fig.
5), provided the target stress tensor is realizable.  

Fig. 5. Accumulated time- averages of the
synthesized stresses

The main drawback to this approach is the
additional transport equations needed. Whilst
even a crude synthesis may still be better than
discarding the large- scale energy outright, the
reconstructed turbulence should, ideally, account
for all spatial scales, not just those at the Nyquist
limit; this presents some challenges if no
additional transport equations are permitted.   

Examples
In what follows, a number of examples are
presented to illustrate the current state of the LNS
method, in addition to some preliminary work
aimed at a generalization using a synthesis of
resolvable- scale energy, allowing an automatic
embedding of LES regions via local grid
refinement. In all presented LNS calculations,
near- wall grid clustering was employed to ensure
y+<1.

Square Cylinder  Wake
This first example is of flow in the wake of a
square cylinder, in which unsteadiness is strongly
self- initiating and self- sustaining. Two-
dimensional calculations were performed with no
imposed or synthesized unsteadiness. The wake,
however, quickly develops a pattern of regular
eddy shedding, both in LNS calculations and also
in unsteady RANS simulations using the same
baseline cubic eddy- viscosity model. Fig. 6
shows the instantaneous, unresolved component
of the eddy- viscosity predicted by the LNS
method; the strong suppression of effective
viscosity is seen in the fine- grid region of the
near wake.  
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Fig. 6. Instantaneous, unresolved component of
effective eddy viscosity from LNS simulation of

flow in a square- cylinder wake
 

Fig. 7. Predicted sound pressure levels for the
square cylinder wake

Fig. 7 shows predicted sound- pressure levels, as
measured from a pressure tap on the middle of the
downstream surface of the cylinder. Although
the Strouhal number of the dominant mode is in
reasonable agreement for both RANS and LNS
simulations, the LNS calculations show levels
which are some 20dB higher than those predicted
by URANS, which is indicative of the reduced
levels of dissipation in the LNS calculations. Fig.
8 shows time- averages of the streamwise velocity
component through the center of the cylinder,
computed using both unsteady RANS and LNS.
Results are also shown from a steady RANS
calculation, which used large local time steps and
implicit time averaging (Batten, 1997). These
steady RANS calculations displayed an early
convergence stall (hence the label `steady' in Fig.
8), which is typical of flows with a tendency for
inherent unsteadiness. Such steady RANS results
show particularly poor agreement with data. In
this respect, the unsteady RANS calculations
show a dramatic improvement, however,
agreement appears to be improved still further in
the LNS calculations. Although encouraging, we

reserve a degree of caution, due to the two-
dimensional nature of these simulations.

Fig. 8. Predicted streamwise velocity component
on the centerline of the square cylinder

 Hill Flow
The case of flow over a periodic row of hills was

studied recently in a workshop organized by
ERCOFTAC(2001). Although no experimental
data exist for this case, well resolved LES
calculations have previously been computed by
two independent groups employing different
computer codes and the results were shown to be
in good agreement (Temmerman and
Leschziner(2001) and Mellen et al.(2000)). This
study was motivated by the observation of the
repeated failure of (apparently all) existing
turbulence closures in the wake recovery
following re- attachment. The geometry for this
example consisted of a two- dimensional channel,
with a repeated row of two- dimensional hills
placed on the lower wall. The Reynolds number
is specified as 10595, based on the hill height,
molecular viscosity and bulk velocity at the crest
of the hill. The grid comprised 132 (streamwise)
by 64 (vertical) by 72 (spanwise) mesh points.
Periodic conditions were imposed in both the
streamwise and spanwise directions, with a
streamwise offset accounting for the pressure
gradient, which was adjusted in order to achieve
the desired bulk velocity. Fig. 9 shows the
resolved, large- scale structures in the form of an
instantaneous snapshot of streamwise vorticity
isosurfaces (shaded according to the x-
component of velocity). Statistics were gathered
over a small number of flow- through times
(approximately 10). Time- and span- averaged
streamwise velocity distributions at various x
stations are shown in Figs. 10 to 13.   
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Fig. 9. Instantaneous streamwise vorticity
(isosurfaces) and streamwise velocity (shading)

for 2D hill flow

Fig. 10 Hill Flow -  Streamwise velocity profiles
at x=2h

Figs. 10 to 13 also include comparisons against
standard RANS calculations using k- e and the
non- linear Reynolds- stress transport model
(RSTM) due to Craft and Launder (1996). The
latter is considered to be the best currently-
available RANS model. The RSTM results are
indeed better than k- e, however, the RSTM
predictions display the poor wake recovery
downstream of reattachment, which seems to be a
trait shared by all models which adequately
capture separation. The k- e model appears to do
better than the RSTM downstream (Fig. 13), but
this conclusion needs to be tempered by the fact
that the flow in the k- e calculations had longer to
recover, having undergone only minimal
separation upstream.  

The LNS results took nearly two weeks to
compute on a single Pentium III, 650MHz CPU
and the time averages still display some variation
in the span. (Using the same CPU and the same

grid in x and y, the RSTM required only 20
minutes to converge.)

Fig. 11 Hill Flow -  Streamwise velocity profiles
at x=4h

Fig. 12 Hill Flow -  Streamwise velocity profiles
at x=6h

Fig. 13 Hill Flow -  Streamwise velocity profiles
at x=7h

The computational resources employed here
were, however, considerably less than those used
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in the fine grid LES calculations performed by
the Karlsruhe group (Mellen et al., 2000), who
used 60000 CPU hours on a 96- processor parallel
machine. The number of mesh points used in our
hybrid calculations was also 10% less than the
coarsest grid considered by Temmerman and
Leschziner (2001) and the LNS results are still
comparable to the best- available near- wall LES
model at that coarsest resolution. While these
results are again promising, it should be
acknowledged that the Reynolds number for this
case is rather modest and we have not yet studied
the limits of a systematic grid coarsening.
Further research is certainly needed to assess the
cost effectiveness of this technology.

Channel Flow with Strongly Varying
Streamwise Gr id Resolution

This final example considers the case of fully
developed turbulent flow in a channel, with a
Reynolds number of 3250, based on the channel
half- height and bulk velocity. The grid
comprised 128 (streamwise) by 64 (vertical) by
64 (spanwise) mesh points, with periodic
conditions imposed in both the streamwise and
spanwise directions.  

Fig. 14. Zoom of spanwise- cut through channel
grid showing rapid clustering at x=2.5h

The channel length was taken as 10h, with an
unconventional stretching deliberately imposed to
force RANS behavior in the first few, highly
stretched cells and LES behavior after the rapid
clustering at x=2.5h (see Fig. 14).  Any resolvable
fraction of the turbulence energy, (1- a)k, is
automatically converted into perturbations in the
convective fluxes, whilst the statistically- steady
inflow was maintained by recycling the RANS
profile in the highly- stretched upstream cells and
re- introducing this at the inlet, with a correction
for the bulk velocity. 

Fig. 15 illustrates isosurfaces of the spanwise
velocity component in the channel, showing the
initiation of unsteady motion as the fine grid
region is encountered. We are currently
investigating the variation in statistics over the
interface from RANS to LES. Further attention is
likely to be needed in regard to the time averages
on the reconstructed fluxes when the physical

time- step becomes large relative to that of the
local turbulence time- scales.

Fig. 15. Spanwise velocity showing initiation of
unsteady motion in refined- grid region

 Conclusions  
This paper has considered the possibility of
generalizing the existing class of hybrid
RANS/LES methods to allow an automatic,
resolution- determined embedding of LES (and
therefore DNS) regions within a larger domain of
an unsteady (or even statistically- steady) RANS-
type flow field. Although there is an important
class of inherently unsteady flows for which
existing hybrid RANS/LES methods can probably
be applied without further modifications, it is
naturally tempting to pursue a generalization of
these models, which would give a plausible
response, regardless of the local spatial and
temporal resolution. Specifically considered
here, was the issue of interfacing from RANS to
LES. The generation of artificial turbulence, ie.,
the reconstruction of time- dependent velocity
fields from statistical data, is an important aspect
of this work. A synthesis involving a realistic
representation of all temporal/spatial correlations
and coherence is likely to be challenging on
arbitrary grids. However, even a crude synthesis
of the resolvable turbulence kinetic energy may
be preferable to the current practice in hybrid
RANS/LES methods of discarding it outright. 
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