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Modeling requirements for large-eddy simulation
of turbulent flows under supercritical
thermodynamic conditions
By L. Selle†

AND

G. Ribert‡

The thermodynamic and transport properties of fluids above their critical point is far
from that of a perfect gas. Strong non-linearities in the equation of state and transport
properties may modify the structure of turbulence but also require additional terms in
turbulence models. The present work addresses the influence of a real-gas equation of
state (Peng-Robinson) on turbulence properties and turbulence models. Direct numerical simulations of temporal jet and homogeneous isotropic turbulence are used for the a
priori analysis of turbulence models within the large-eddy simulation framework. Largeeddy simulations of the same configurations are conducted for an a posteriori analysis
of model performance. The a priori analysis suggests that LES models perform as well
under supercritical conditions, as for a perfect gas. Single-species Homogeneous isotropic
turbulence cases also show virtually identical features irrespectively of the thermodynamic conditions. Jets however are significantly affected by the strong density gradients
and the a posteriori analysis shows relatively poor results. Finally, numerical issues for
dealing with real-gas flows are discussed.

1. Introduction
It has been known, since the famous cannon-barrel experiments of Baron Charles
Cagniard de la Tour (1822), that above a certain temperature (Tc ) and pressure (Pc ),
the discontinuity between gaseous and liquid phases disappears. The coordinates (Pc , Tc )
define the critical point, that is the point above which the phase-change phenomenon no
longer occurs. Such a thermodynamic state is referred to as supercritical fluid (SC fluid).
Rocket engines were the first, and for a long time also virtually the only, thermal engines
working under supercritical conditions. However, the need for higher efficiency and lower
emission levels leads to increased pressure and temperature in other engines, such as gas
turbines, diesel piston engines and aeronautical turbines. Therefore, these industries are
facing the scientific challenge of the modeling of SC turbulent flows.
Another peculiar characteristic of SC fluids is that their thermodynamic and transport
properties are intermediate between those of a gas and those of a liquid (Bellan 2000;
Oschwald et al. 2006). For example, surface tension vanishes and solubility is close to
that of a gas. On the other hand, density and thermal diffusivity can be comparable to
that of a liquid. These unique properties make SC fluids of great interest in industrial
chemistry for extraction processes but raise serious issues for turbulence modeling.
For a proper description of SC fluids dynamics, two major modifications must be made
in the set of equations usually implemented in a perfect-gas flow solver:
• An equation of state (EOS) that accounts for real-gas effects must be implemented.
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For use in a turbulent-flow solver, such EOS must compromise between accuracy and
computational cost, therefore cubic equations of state are usually good candidates (Peng
& Robinson 1976; Graboski & Daubert 1978). Because these EOS can become grossly
inaccurate near the critical point, correction factors may be needed for quantitativeness
(Harstad et al. 1997).
• Transport models for mass, heat and momentum must be modified. The adequate
theoretical framework for thermodynamics under supercritical conditions is the fluctuationdissipation theory (Keizer 1987; Harstad & Bellan 2000), which allows for a consistent
description of transport processes. Noteworthy, Soret and Dufour effects may account
for a significant proportion of heat and mass transfers (Miller et al. 2001; Lou & Miller
2001; Palle et al. 2005).
The resulting set of equations is referred to as a real-gas model (RG model) for fluid
dynamics. A few research groups have successfully implemented RG models into flow
solvers and performed direct numerical simulation (DNS) (Miller et al. 2001; Oefelein
2005) or large-eddy simulations (LES) (Zong et al. 2004; Oefelein 2006). However, there
are still open questions about the use of LES under supercritical conditions, as noted by
Selle et al. (2007).
The objective of the present study is the evaluation of the LES methodology for turbulent SC fluids. Indeed, there is no a priori theoretical justification for low-pressure LES
models to be valid for real gas, but more importantly, the strong non-linearity in real-gas
EOS and transport properties will yield unclosed terms once filtering is applied on the
DNS equations. The question is, To what extent do these term need modeling? First, the
governing equations for DNS and LES are presented in Sec. 2. The numerical method
and the configurations are then presented in Sec. 3. Finally, a priori and a posteriori
analysis are detailed in Sec. 4, as well as comments about the numerics.

2. Governing equations
2.1. Equations for DNS
The primitive variables describing the flow are: the density ρ, the velocity components ui ,
the species mass fractions Yα , the pressure P and the temperature T . The total energy
et is defined as et = e + ek where e is the internal energy and ek = ui ui /2 is the kinetic
energy. The notation for the vector of conservative variables is φ = (ρ, ρui , ρet , ρYα ),
which are the variables transported in the code as described in Sec. 3.1. Then, the generic
conservation equations for the DNS of SC fluids (Selle et al. 2007) are
∂ρ ∂ρuj
+
∂t
∂xj
∂ρui ∂ρui uj
+
∂t
∂xj
∂ρet
∂ρet uj
+
∂t
∂xj
∂ρYα uj
∂ρYα
+
∂t
∂xj

=0
∂P
∂σij
+
∂xi
∂xj
∂P uj
∂qj
∂σij ui
=−
−
+
+ ω̇T
∂xj
∂xj
∂xj
∂Jαj
=−
− ω̇α
∂xj

=−

(2.1)
(2.2)
(2.3)
(2.4)

where σ is the viscous-stress tensor, q is the heat flux, J is the species mass flux, ω̇α
the chemical reaction rate of species α and ω̇T is the heat release. Note that all the
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configurations studied here being single species, Eq. (2.4) can be ignored. Also, there is
no combustion so that ω̇T = 0.
Because the focus of the present work is to assess how the EOS affects turbulence
properties as well as subgrid scale (SGS) modeling, the detailed formalism for transport
presented by Harstad & Bellan (2000) is not used here. Instead, constant transport
coefficients are used and only the Fickian term is retained in the heat flux. The authors
are aware that accurate transport modeling is a key feature for quantitative predictions
of SC flows, however the following rationale is provided for what may seem a crude
approximation. First, it has been decided to study one effect at a time, and clearly, the
EOS was identified as the major source of discrepancy between perfect gas (PG) and SC
fluids. Then, with LES as a target, one may want to retain these terms only once SGS
models are available, which is not the case (Selle et al. 2007). Finally, with combustion
applications in mind, recent work has exhibited that even at high pressure, non-Fickian
transport terms can be of little importance on diffusion-flames structure (Ribert et al.
2008). Consequently, in this study, the viscosity µ is a constant chosen to set the Reynolds
number of the computation, and the thermal conductivity λ assumes a constant Prandtl
number.
Finally the set of equations for a SC fluid is closed using the Peng-Robinson (PR)
equation of state (Peng & Robinson 1976):
P =

ρ2 a
ρrT
−
1 − ρb 1 + 2ρb − ρ2 b2

(2.5)

where r is the perfect-gas constant and the functions a and b depend on the composition and temperature (Peng & Robinson 1976). Cubic equations such as Eq. (2.5) are
the simplest that can account for phase change as well as supercritical behavior. The
Peng-Robinson EOS has a good accuracy in the supercritical region (Oefelein 2005) but
cubic equations do not perform well close to the critical point. Correction factors may be
available to extend the validity range of the PR EOS (Harstad et al. 1997) but the use
of more complex EOS such as ”BWR” (Benedict et al. 1940) might be needed for quantitativeness close to the critical point. Thermodynamic variables such as the enthalpy,
the heat capacities or the speed of sound are to be computed consistently with the EOS
(Miller et al. 2001).
2.2. Equations for LES
The standard methodology for deriving the large-eddy simulation conservation equations
is to apply a filtering operator onto the DNS set of equations (Eqs. (2.1) (2.4)). The vector
of filtered
variables is φ̄ = ρ̄, ρui , ρet , ρYα , which in terms of Favre average also writes


φ̄ = ρ̄, ρ̄ũi , ρ̄ẽt , ρ̄Ỹα . It is stressed that these are the only variables available from a
given LES field, for example, neither T nor Te can be computed because of the non-linear
relation between the internal energy and the primitive thermodynamic variables. The
peculiarity of SC fluids is that both the EOS and transport properties are non-linear
functions of the primitive variables therefore yielding SGS contributions (Selle et al.
2007). Because in this study simplified transport properties are used, there is only one
additional unclosed term in the LES equations. For example, filtering Eq. (2.2) yields
∂P
∂ ρ̄τij
∂ σ̄ij
∂ ρ̄ũi ∂ ρ̄ũi ũj
=−
−
+
+
∂t
∂xj
∂xi
∂xj
∂xj

(2.6)
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where τij = ug
i uj − ũi ũj is the standard SGS contribution. For a perfect gas, one assumes
that P = ρ̄rTe, which is a very good approximation (even exact for single species).
However, it is evident from the strong non-linearity in Eq. (2.5) that P is an unclosed
term, which cannot be computed from φ̄, potentially leading to SGS contributions. A
model for this additional term was proposed and tested in a priori studies by Selle
et al. (2007), however, because this model has not yet been used in an actual LES it was
chosen not to implement it in this exploratory study. Consequently the set of conservation
equations for LES in this study is
∂ ρ̄ ∂ ρ̄ũj
=0
+
∂t
∂xj

(2.7)



∂P φ̄
∂σij φ̄
∂ ρ̄ũi
∂ ρ̄τij
∂ ρ̄ũi ũj
=−
+
−
+
∂t
∂xj
∂xi
∂xj
∂xj



∂P φ̄ ũj
∂qj φ̄
∂σij φ̄ ũi
∂ ρ̄ζj
∂ ρ̄τij ũi
∂ ρ̄ẽt ũj
∂ ρ̄ẽt
=−
−
+
−
−
+
∂t
∂xj
∂xj
∂xj
∂xj
∂xj
∂xj

(2.8)
(2.9)


gj − h̃ũj accounts for subgrid enthalpy fluctuations and the notation P φ̄
where ζj = hu


(respectively σij φ̄ and qj φ̄ ) means that the functional form of the DNS term is kept
but the primitive variables are calculated from φ̄ instead of φ. Namely, ui is replaced by
ũi , ρ by ρ̄ and T by the temperature computed from ẽt . This set of equations is closed
once SGS models are chosen for τij and ζj .

3. Solver and configuration
3.1. Numerics of the flow solver
The solver used for this study is an in-house parallel code that solves fully compressible
DNS or LES equations on cartesian meshes. Both PG and PR EOS are implemented
with consistent thermodynamics. The low-pressure thermodynamic properties (reference
enthalpy and entropy, molar mass, critical point coordinates, etc.) are based on the
multicomponent formalism from the code AVBP (Moureau et al. 2005). The solver can
account for an arbitrary number of species, but in this study only pure-nitrogen flows were
considered. Spatial discretization uses an eighth-order finite-difference scheme (Kennedy
& Carpenter 1994) while the temporal integration is performed using a standard fourthorder explicit Runge-Kutta formula. A tenth-order filter (Kennedy & Carpenter 1994)
is applied on the conservative variables for stability over long time integration. This
filter only affects high-frequency spurious oscillations and does not act as an SGS model.
However, this filtering can be viewed as a weak point of the global numerical strategy
for DNS as well as LES, so its use will be discussed in Sec. 4.5. Finally, only periodic
boundary conditions were used to focus on flow properties.
3.2. Configurations and initial conditions description
Two types of flows were chosen for this study:
• Temporal Jet (TJ), which is typically adequate for the scrutiny of shear-driven
turbulence and transition phenomena (Fig. 1(a)). The thermodynamic states were set to
mimic cases 3 and 4 of the experimental investigation by Mayer et al. (2003).
• Homogeneous Isotropic Turbulence (HIT), which was chosen to point out specific
effects (if any) on canonical-turbulence properties in SC fluids (Fig. 1(b)).
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Figure 1. Schematic representation of the two configurations: (a) planar temporal jet, (b)
Homogeneous Isotropic Turbulence.

Case name
TJ hd
TJ d
TJ d PG
HITa
HITb
HITc

EOS Re
Mach
P (MPa) T (K) ρ (kg.m−3 ) Grid resolution
PR 2187
0.15
3.97
127/300
433/45
2563
PR 2187
0.15
3.97
135/300
186/45
2563
PG 2187
0.15
3.97
135/300
99/45
2563
PR 80 0.02/0.1/0.3
0.1
300
1.12
1283
PR 80 0.02/0.1/0.3
4
300
45
1283
PR 80 0.02/0.1/0.3
4
140
158
1283

Table 1. List of cases. All simulations are performed using pure nitrogen (Pc = 3.4 MPa,
Tc = 126.2 K) in a cubic domain of arbitrary size L = 1 m with periodic boundary conditions.

In both configurations the domain is periodic in all three directions, which alleviates the
question of boundary condition / turbulence interaction.
The initial conditions are prescribed with the input of the primitive variables (P , T ,
ui ). In all test cases, the initial pressure is uniform. For HIT, the initial temperature
is also uniform, whereas for TJ cases, the inner and outer streams can have different
temperatures in order to generate a density variation. For the velocity, first the Mach
number is set (convective Mach number Mc0 in the case of TJ and turbulent Mach number
Mt0 in the case of HIT), then the functional form of the velocity field is prescribed as
follows:
• HIT: a normalized fluctuation-velocity field with a Passot-Pouquet spectrum is built
using an external turbulence generator. This field is then multiplied by the prescribed
Mach number Mt0 . The velocity reference for HIT is the root mean square of the whole
field, noted u′HIT .
• TJ: following the work of Papamoschou & Roshko (1988) and the correction for realgas effects described by Miller et al. (2001) the outer-stream (respectively inner-stream)
axial velocity uout
(respectively uin
1
1 ) is chosen so that the vortical structures resulting
from the shear-layer natural instability are stationary in the computational domain. The
in
velocity reference for TJ cases is u′T J = (|uou
1 | + |u1 |)/2. The transition between the two
streams is performed using a combination of error functions with adjustable jet thickness
δJ0 and vorticity thickness δω0 . To reduce the integration time necessary to reach transition,
the formation of vortices is seeded with an initial perturbation, which is a HIT velocity
field restricted to the inner stream with an intensity set to 10% of u′T J .
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Finally, the global initial Reynolds number of the computation is set by choosing a
length scale (initial jet thickness δJ0 for TJ and integral length scale L0t for HIT) and
imposing a constant viscosity µ.

4. Results and discussion
4.1. A priori study
The basic idea in an a priori study is to filter a DNS result and compute the exact
SGS contributions, which can then be compared to their model counterpart based on
the filtered field (Piomelli et al. 1988). However, one should not expect the model to
match the exact SGS contribution at each computational point or versus time. Indeed,
SGS models can only be expected to perform in a looser statistical sense by providing
the adequate average dissipation to the resolved structures (Pope 2000). Two statistical
tools are used to measure the performance of a given model: the correlation and the
least-square fit between the model SGS and its exact DNS-extracted counterpart. For
a model to be acceptable, its correlation with the exact SGS contribution must be as
close to unity as possible. Once good correlation is established, the least-square fit is a
measure of the model coefficient.
In this study, it was decided to test three SGS models:
• Smagorinsky (SM) model (Smagorinsky 1963), which is based on an eddy-viscosity
concept


1
1 SM
2
SM
(4.1)
τij − τkk δij = − (CSM ∆) S Sij − Skk δij
3
3
p
where S = Sij Sij .
• Gradient (GR) model (Clark et al. 1979), which is based on a Taylor series expansion
of the filtered variables
∂ ũi ∂ ũj
.
(4.2)
τijGR = CGR ∆2
∂xk ∂xk
• Scale Similarity (SM) model (Bardina et al. 1980), which assumes similarity between
scales around the LES filter cutoff frequency


b̃ b̃
(4.3)
τijSS = CSS ũd
i ũj − ui uj

where the operator ( b· ) denotes filtering at a length scale typically larger than the LES
filter ( · ).
The a priori study of these models has already been performed in previous work
(Selle et al. 2007), though in slightly different configurations: two-species mixing layers.
Therefore, this part of the present work may be seen as a further validation of previous
results. Indeed, for the single-species TJ and HIT cases scrutinized in this work, the
conclusions were basically the same as those of Selle et al. (2007):
• The Smagorinsky model shows quite poor performance in terms of correlation, typically lower than 0.25, as well as a wide spreading of least-square fit values over the
components of τij . This finding is not new (McMillian & Ferziger 1979; Liu et al. 1994)
but one should also point out that the Reynolds number in typical a priori studies is not
very high and therefore not entirely consistent with the hypothesis of a fully turbulent
flow with a wide inertial range.
• Both GR and SS models show high correlation levels with a slight advantage for the
GR model.
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In the interest of time, the use of a dynamic formulation for the model coefficient was
not considered in the present work although it is known that dynamic models generally
outperform their constant-coefficient versions.
4.2. DNS of temporal jets
The three TJ configurations presented in Table 1 match the experimental thermodynamic
conditions of Mayer et al. (2003) for the pressure, temperature and composition (pure
nitrogen). The pressure is 3.97 MPa and the outer-stream temperature is T0out = 300 K
in all cases. Using the PR EOS, two temperatures were tested for the inner stream:
for case TJ hd, T0in = 127 K, which leads to a very dense core, and for case TJ d,
T0in = 135 K, which reduces the density by a factor of 2.3. Such sensitivity to a minor
change in temperature (9 K in the present case) is typical for fluids close to their critical
point. Then, one additional TJ case was computed to evidence the role of the EOS: case
PTJ d PG duplicates case PTJ d except that it was performed with the perfect-gas EOS
instead of the PR EOS. The use of the PG EOS leads to a further decrease of a factor 1.8
of the initial inner-stream density. Unfortunately, the experimental velocity and Reynolds
number could not be matched with the current grid resolution of 2563. The Mach number
was set to 0.15 (compared to about 0.01 in the experiment) to improve the efficiency of
the compressible solver, and a pseudo-viscosity was used to set the Reynolds number.
The final difference with the experimental configuration of Mayer et al. (2003) is that a
periodic planar jet (Fig. 1 (a)) is computed instead of a round jet.
The qualitative influence of the EOS and the thermodynamic conditions is evidenced
by plotting the density and the enstrophy in the middle cross-stream section (Fig. 2). The
striking feature about the density fields in Fig. 2 (a, c, e) is that larger values in the inner
core seem to stabilize the jet. Even though all cases display large vortical structures of
comparable size, their penetration in the inner layer is damped by the density gradient.
Case TJ hd (Fig. 2 (a)) also shows numerous finger-like structures typical of SC flows
whereas case TJ d PG (Fig. 2 (e)) displays smeared contours revealing efficient smallscale mixing. This observation is confirmed by the analysis of the enstrophy contours
(Fig. 2 (b, d, f)) where it is obvious that the larger density in the inner stream of
case TJ hd hinders the formation of small-scale structures within the flow. Large scales
however are not greatly affected. Small scales eventually proliferate in case PTJ hd (not
shown) but it would seem that the large density difference has an impact on transition
mechanisms. This statement is further confirmed by the analysis of case TJ d PG (Fig. 2
(f)), which exhibits even more small structures together with its smaller density ratio.
Because planar jets are homogeneous in the streamwise and spanwise directions, one
can define planar-averaged quantities at each cross-stream location. The corresponding
operator is denoted {·}. Then, one can define the turbulent velocity components as u′i =
ui − {ui } and the turbulent kinetic energy e′k = u′i u′i /2, which is a measure of the
development of turbulent structures in the flow. Also, mixing efficiency is measured by
the ”mixture-fraction like” variable ZT = θ(1 − θ), where θ = (T − T0in )/(T0out − T0in ) is
the reduced temperature. The two variables e′k and ZT allow a more quantitative view
of EOS and thermodynamic effects on turbulence properties and their domain-averaged
temporal evolution is represented in Fig. 3.
For all TJ configurations the initial perturbation intensity is quite small so that at
t = 0, he′k i ≃ 0 (Fig. 3 (a)), where h·i denotes averaging over the whole computational
domain. After a period of very slow increase, a sudden surge in he′k i reveals the start of
the natural mixing-layer instability eventually transitioning to turbulence. As depicted
in Fig. 2, case TJ d has the lowest fluctuation level, case TJ d PG the highest, while
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Figure 2. Density (a, c, e) and enstrophy (b, d, f) in the middle cross-stream section at time
t = 30.5 ms: (a-b) PTJ hd, (c-d) PTJ d, (e-f) PTJ d PG. Scales adapted for optimum flow-structure visualization: enstrophy ranges from 0 to 107 s−2 , density range uses the initial values of
the corresponding case (c.f. Table 1).

TJ d takes intermediate values. Interestingly, the start of the instability is much delayed
by the higher density of the inner stream, almost a factor 2 between the two extreme
cases. Now considering the evolution of ZT (Fig. 3 (b)), during the initial stage, the heat
transfer in case TJ hd is larger because of a much higher value of λ. Once the unstable
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Figure 3. Planar temporal jet: (a) averaged turbulent kinetic energy, (b) averaged mixing
parameter.
TJ hd,
TJ d,
case TJ d PG

modes of the jet develop, turbulent mixing becomes more efficient than laminar heat
transfer so that the ranking becomes similar to that of he′k i.
One clear conclusion of this section: The use of the perfect-gas EOS does not only lead
to incorrect values of the density or transport properties, which might be addressed by
correction factors or tabulation, but also mis-predicts turbulence properties.
4.3. DNS of homogeneous isotropic turbulence
The case of decaying HIT is studied here to investigate the occurrence of local compressibility effects in SC fluids. Simulations are conducted for three thermodynamic conditions
(c.f. Table 1) at three values of the Mach number (0.02, 0.1 and 0.3). The computational
domain initially contains at least 10 integral length scales (Lt ) for statistical convergence
of the velocity field, and the mesh size is less than two Kolmogorov scales for adequate
description of small turbulence scales. After five turnover times τ = Lt /u′HIT , the velocity field represents a realistic turbulent flow without any connection to the initial
condition. The 3-D energy spectrum were scrutinized, searching for an impact of the
thermodynamic conditions. A first simulation is realized at standard conditions of pressure and temperature (HITa) in order to get a reference behavior of the decaying HIT.
The pressure is then increased near the critical pressure of N2 (HITb) keeping the other
parameters constant, but no significant changes were observed. Finally, the temperature
is decreased to 140 K (case HITc) to come near the critical point of N2 reaching high
density value. However, the impact of the proximity of the critical point on the kinetic
energy seems to be negligible. Even at M = 0.3 no compressibility effect due to the EOS
are observed.
Further investigation is still required for a definite conclusion about the HIT properties
in SC fluids. The influence of the Mach number (if any) could be investigated as in Lee
et al. (1991).
4.4. Large-eddy simulations
The LES of case TJ d was performed using the GR model. The initial condition for the
LES is the DNS initial condition onto which a top-hat filter was applied. The resolution
was decreased by a factor of 4 in all directions (i.e. 643 mesh). Figure 4 compares the
temperature fields of the filtered DNS with the LES result. While the larger structures of
the flow as well as the overall expansion of the jet seem to be qualitatively well-predicted,
the lack of small structures in the LES is striking. This observation is further confirmed
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Figure 4. Temperature in the middle cross-stream section for case TJ d. (a, c) t = 26 ms and
(b, d) t = 38 ms. (a, b) LES field, (c, d) filtered DNS on the LES mesh. Dark regions are cold
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Figure 5. Temporal evolution of averaged turbulent kinetic energy.
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by the temporal evolution of he′k i presented in Fig. 5. First the LES does not match
the level of resolved fluctuations shown in the filtered DNS, but it also appears that the
production of velocity fluctuations is delayed. This would not be beneficial in an actual
LES of a spatial jet because a measure such as the jet-core length would be mis-predicted.
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4.5. Considerations about the numerics
The numerics used in this study (Kennedy & Carpenter 1994) is stabilized with a tenthorder explicit filter. Two limitations for this choice were found for the present work:
• Gibbs errors would occur when the resolution of the density gradient is poor. For
example, when doing the LESs, the resolution of the temperature (and therefore density)
turned out to be more crucial than that of turbulent structures.
• Robustness of the algorithm turned out to be quite sensitive to the filtering frequency
while dealing with SC conditions. Some computations had to be carried out with filtering
operations at each time step, which might be seen as a bit of a stretch given its initial
purpose of stabilization over long integration times.
Actually, these limitations are already noted in the conclusion of the original article
by Kennedy & Carpenter (1994). Other numerical schemes have not yet be tested but
two main paths for improved robustness were identified:
• A modification of the convective term for the energy equation such as proposed
by Honein & Moin (2004) could reduce numerical errors. Indeed, because of the strong
non-linearity of the PR EOS, the energy equation might be less stable than in PG solvers.
• The use of implicit spatial differentiation and staggered formulation as described by
Nagarajan et al. (2003) seem to greatly improve the robustness and would be a good
candidate for LES of SC flows.

5. Conclusion
This work presents an exploratory study of equation of state effects on turbulence under
supercritical conditions. DNS of single-species temporal jet and homogeneous isotropic
turbulence were carried out using a Peng-Robinson EOS. It was found that some turbulence properties are affected by thermodynamic conditions. For the TJ configurations,
strong density gradients seem to delay the formation of small-scale structures. For HIT
configurations, the analysis of the energy spectrum showed no significant influence of the
thermodynamic conditions though more detailed investigation is required. The a priori
analysis of a selection of subgrid-scale models was conducted showing promising results
for LES. A posteriori results however revealed that the SGS dissipation was too great but
more importantly, the numerics lacked the sufficient robustness to accurately compute
the high density gradients typical of SC flows.
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