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Abstract

A transonic turbulent flow over a deep cavity is studied with the OpenFOAM code for LES
(Smagorinsky model) and unsteady RANS (κ − ε and κ − ω models) and compared with available
experimental and computational data. The main feature of deep cavities is the sound field that is too
intense that leading to fatigue and vibration issues on the structures. So it is also done a simulation
on a control device to reduce the emitted noise of the cavity. In general, LES simulations are in a
much better agreement with experimental and computational data. Finally, the noise reduction was
achieved successfully by slanting the aft wall.
Keywords: Deep Cavity, Transonic Flow, LES, RANS, OpenFOAM.

1. Introduction
Since the advent of Computational Fluid Dynamics there is a great interest in studying the flow in a
cavity, as reported by [12], mainly due to geometrical simplicity and to practical applications.

Cavities are formed in a wide range of applications, such as weapon bays, wheel wells, measurement
windows, flame-holder, sunroof and windows of vehicles, aircrafts with open cockpits, discontinuities in
the fuselage of space vehicles, gas transport systems, instruments and telescope bays, escape hatches and
storage of radar and photographic equipment for surveillance, reconnaissance, etc.

The main characteristic of a flow over a cavity is the harsh pressure field, and depending on the type
of cavity flow it will behave differently. It might have high periodic fluctuations in time thus having a
huge SPL, or it might cause large pitching moments.

Similar flows governed by the same feedback mechanism are the edge tone, impinging jet and jet
screech.

Open, closed and transitional cavities are classifications related to the reattachment point of the shear
layer. A cavity is said to be open when the reattachment point takes place near the downstream edge
(on the aft wall), and closed when the reattachment point is located on the floor of the cavity. If the
two states occur randomly in time, the cavity is said to be transitional in subsonic and transonic flow.
In supersonic flow, the transitional cavity can have a reattachment point that is coincident with the
separation on the floor (transitional-closed), or on the downstream wall (transitional-open). To classify
a cavity it is easier to evaluate the mean pressure coefficient at the bottom wall, especially transitional
cavities. Open cavities occur for low ratios of L/D, closed cavities occur for large ratios of L/D and
transitional cavities occurs for the middle values between the ratios for the open and closed cavities. The
gap between each classification is difficult to say because it is highly dependent of the Ma and the ratio
L/W , however for L/D < 8 the cavity is open and for L/D > 12 closed.

The flow for resonant open cavities is governed by a feedback mechanism between the shear layer
instabilities and acoustic disturbances. This mechanism is illustrated in figure 1 c). The upstream
boundary layer has instabilities that are increased after the separation point and they are convected
downstream. Then they impinge on the downstream corner and a pressure wave is generated and travels
upstream at the velocity of sound in the quiescent medium, this is the feedback in figure 1 c). Then this
pressure wave interacts with the shear layer increasing the instabilities, and at the resonant frequency a
vortex merging, see [1], occurs and a coherent structure is build. Then this coherent structure is convected
downstream and collides with the aft wall generating stronger acoustic waves that made the discrete tones
of high acoustic intensity.
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This feedback mechanism in cavities was propose by Rossiter in [9]. It was done a parametric exper-
imental study to relate the frequencies of the tones and the geometrical relations of the cavity, and an
empirical formula to predict the frequencies was deduced for cavities with L/D ≥ 1. This formula is the
equation 1.

Stn =
fnL

U∞
=

n− γ

Ma∞ + 1/κ
, n = 1, 2, . . . , (1)

Stn is the Strouhal number corresponding to the n th mode frequency, κ and γ are empirical constants
corresponding to the average convection speed of disturbances in the shear layer and the phase delay,
respectively.

Subsonic and transonic cavities are geometrically classified as deep for L/D < 1, shallow for L/D > 1,
two-dimension for L/W < 1 and three-dimensional for L/W > 1 ([15]).

Unsteady RANS was the first tool to study numerically cavity flows until the beginning of the 21st
century where the computational resources was enough to allow LES computations in a reasonable time,
DNS is still today too expensive however it is required for fundamental studies about the physics of the
flow.

Unsteady RANS although being relatively fast they have the drawback of being very sensitive to the
choice of the turbulence model and frequently too much dissipative, they take into account flow structures
that are already resolved by the numerics inside the shear layer or in the turbulent mixing, which lead
to excessive turbulent viscosity [15]. This results in a poor estimation of the SPL and a poor waves
propagation [7], but the frequencies are generally well predicted. The firsts Unsteady RANS models used
in cavities were algebraic models and supersonic flow was the only flow regime studied because algebraic
models are not suit for upstream propagating waves as two-equation models. [13] used Unsteady RANS
κ−ω in a transonic transitional cavity and good results were obtained, demonstrating that two-equation
model are suit for transonic cavities.

LES is considered to be the best tool (considering the computational limits) to study cavities, since
the flow is governed by large scale vortices ([7]) that may be resolved with a mesh. Before LES studies
in cavities, coarser meshes than LES were used to predict the unsteadiness of the flow, however without
the details to characterize the turbulent power spectrum to be indicative of proper turbulence modelling.
This is VLES where the cut-off length of the filter does not need to be in the inertial range. An example
is [3] to study the influence of a slanted wall in scramjet application. LES is also suitable for transonic
flows unlike RANS; a transonic deep cavity with a moderate Reynolds number (8.6×105) was studied and
validated by [10], proving that LES was able to solve moderate Reynolds numbers, the same flow (with
the same free-stream conditions and geometry) was studied in [21] but with ILES, that is without subgrid-
scale model (the basis of this methodology is that the numerical method makes the proper dissipation of
the grid-scale kinetic energy) and excellent results were achieved. Other transonic flow simulated with
LES are [14, 16], [14] and [16]. It does also work in supersonic flows however it is not so easy to find
articles because of the complexity of the computations and the main interest is the military industry
where the precision and the physics of the flow are very important and also confidentiality, however [19]
used LES to control the flow.

It was seen that the flow over a cavity causes several concerns such as high SPL, forcing levels or
pitching moments which influences the correct release of the stores or harm the avionics of the stores or
weapons. Controlling the cavity high SPL and forcing levels is then a plus. Further cavity oscillation
control serve as a model problem in the growing multidisciplinary field of flow control ([6]). In [9], the
first known study to use a control device, a spoiler was used successfully. Despite the SPL was lowered,
it had the same evolution and detachable frequencies.

To reduce the noise levels in an open cavity, it is needed to reduce the interactions between the shear
layer and the aft wall. And three strategies are known to reduce this interaction, which are:

1. to lift the shear layer, thus minimizing the impact on the aft wall and consequently the interactions
([17, 2]);

2. to energize the shear layer so that it contains smaller coherent structures ([2, 18]);

3. to change the geometry, by slanting the aft wall, in order to make the collisions between the shear
layer and the walls smoother ([17, 2]).

A detailed review of control can be found in [6].
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The objectives of the present work are to validate the OpenFOAM code for transonic LES and RANS
in a deep cavity, and also to see the effects on the flow of changing the geometry. The free-stream Mach
number is 0.8 and the aspect ratio (L/D) is 0.42 the same as the W/D. Two geometries are studied, the
clean cavity configuration which is a deep cavity or open cavity, and the cavity with the same free-stream
conditions but with a slanted aft wall.

After a brief review about cavities the equations and turbulence models used are presented in section
2. This is followed by section 3 where the results are presented and discussed. And the dissertation closes
with brief conclusions in section 4.

2. Governing Equations
The governing equations are embodied in the Navier-Stokes model in the conservative form which ex-
presses the conservation of momentum, the continuity equation or mass conservation and the energy
equation. The approximations and hypothesis, following [11], are: the continuum hypothesis; com-
pressible gas fluid flow; non-reactive mono-species gases; non-hypersonic flows (Ma < 6 for air); low
temperature differences to neglect radiation; thermodynamic equilibrium so that the perfect gas equation
can be used; Newtonian fluid with the dynamic viscosity varying only with the temperature; Froude
number large enough to neglect gravity effects.

The tensorial notation is used, the equations are presented, from [11], in this order, mass conservation,
momentum conservation and energy conservation.

∂ρ

∂t
+
∂ (ρuj)

∂xj
= 0, (2a)

∂ (ρui)

∂t
+
∂ (ρuiuj)

∂xj
+

∂p

∂xi
=
∂σij
∂xj

, (2b)

∂ (ρE)

∂t
+
∂
[
(ρE + p)uj

]
∂xj

=
∂ (σijui)

∂xj
− ∂qj
∂xj

, (2c)

where t and xi are independent variables representing time and spatial coordinates of a Cartesian co-
ordinate system x, respectively. ui is the fluid velocity vector components from the vector u, (i = 1, 2, 3).

E is the total energy per mass unit and is given by E = CvT + 1
2uiui, after some algebra:

ρE =
p

γ − 1
+

1

2
ρuiui (3)

p, T and ρ are linked by the equation of state:

p = ρRT. (4)

R = Cp − Cv is the gas constant, Cp and Cv are the specific heats at constant pressure and con-
stant volume, respectively. It is assumed that these specific heats have a neglectable variation with the
temperature, so they are constant.

The shear-stress tensor for a Newtonian fluid, according to the Stokes’s hypothesis (bulk viscosity can
be neglected) is given by:

σij = 2µ(T )Sij −
2

3
µ (T ) δijSkk (5)

where Sij is the components of rate-of-strain tensor S(u), which is written as:

Sij =
1

2

(
∂ui
∂xj

+
∂uj
∂xi

)
. (6)

The variation of the dynamic viscosity (µ) with the temperature is accounted by the Sutherland’s
law. The remaining term is the heat flux, qj , and is given by the Fourier law.

Two Reynolds-Averaged Navier-Stokes turbulence models were used, the κ− ε model and the κ− ω
SST model. The equations for the RANS κ− ε are from [8].

The κ − ω standard turbulence model is an improvement of the κ − ε turbulence model. The Shear
Stress Transport model was derived in [20] and it is an improvement of the κ−ω standard model to have
a better perfomance in the outter layer of the boundary layer. The improvement of the SST model over
the original ([5]) is that the outer layer of the turbulent flow is modelled with the κ − ε model and the
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inner layer is solved with the original κ − ω, also the eddy viscosity is also modified to account for the
transport of the principal turbulent shear stress.

The Smagorinsky model was used for LES and is as follows

νsgs = C2
s∆2

∣∣∣S̃∣∣∣ , (7)

however this model has to be adjusted to work near the wall because the turbulent viscosity goes to
zero near the wall (and in the standard Smagorinsky’s model it does not), so the van Driest damping
function is used.

3. Results
3.1. Computational Domain
Geometry

The geometries for the present study is displayed in figures 3.1 a) and 3.1 b), we can named it cavity
(for the standard case) and cut (for the cavity with a slanted wall, the angle of the cut is 45o, it can be
checked by trigonometry). It is the same cavity of the experimental work of [21] and the computational
domain of [15, 10]. The cavity and cut dimensions and relations are summarized in table 3.1. The axis
is also displayed, in green, in figure 1.

L

D

4 LL

2L

Flow Direction

x
y

(a) Geometry of the cavity.

L
D

3 LL

2L

Flow Direction

x
y

2L

L

(b) Geometry of the deep cavity with
the cut.

Upstream Boundary 
Layer

Separation 
Point

Stagnation 
Region

(c) Schematic illustrating of the flow
in an open cavity, slightly modified
from [6].

Figure 1: Geometries of the problem to be studied and the physics of the open cavities.

L [mm] D [mm] W [mm] L/D L/W D/L W/L D/W
50 120 120 ≈ 0.42 ≈ 0.42 2.4 2.4 1

Table 1: Summary of the cavity dimensions and relations.

3.1.1 Meshes

Two mesh structures were tested for the cavity, mesh type a) and b), mesh type a) has a more constant
grid spacing and a cell aspect ratio closer to one than b) where there are more cells were gradients are
expected to be larger. The aimed number of cells to have on the plane is displayed in table 3.1.1. LES
was done in 3D with the same mesh on the plane but with the width divided into 24 planes, RANS was
done in 2D.

Mesh Number 1 (coarse) 2 (medium) 3 (fine)
Number of Cells 32,000 64,000 130,000

Table 2: Targeted number of cells to have on the plane.

3.1.2 Boundary Conditions

The free-stream conditions of [10] are displayed in table 3.1.2.
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U∞ [m/s]
p [kPa] T [K] ρ [kg/m3]

Ma
Stagnation Static Stagnation Static Stagnation Static

258.5 98 64.3 293 259.8 1.17 0.86 0.8

Table 3: Summary of the free-stream conditions.

The flow state at the cavity edge (boundary layer thickness, momentum, pressure, etc.) influences the
cavity shear layer. A study was performed to quantify the influence of the flow sate at the cavity edge, but
for the cut the inlet is always a free-stream condition. For this purpose two sets of boundary conditions
were considered to generate the incoming boundary layer. The boundary conditions are divided into two
sets related to the inlet velocity and the other variables have the same boundary conditions including the
turbulent inlet as in [15, 21] where the inlet conditions were taken from [10] at 50 mm upstream of the
cavity.

The difference between set 1 and set 2 is on the inlet velocity, the first set has a top-hat velocity and
the second a power-law. The boundary conditions used are in table 3.1.2:

set Pressure [kPa] Temperature [K] or [K/m] Velocity [m/s]
inlet 1 64.3 258.9 258.5

outlet 1 64.3 zero gradient 258.5
inlet 2 64.3 258.9 Power-law

outlet 2 64.3 zero gradient 258.5

Table 4: Summary of the boundary conditions.

3.2. Upstream Boundary Layer Predictions
The upstream boundary layer parameters were calculated 1 mm behind the cavity’s upstream edge at the
middle spanwise plan, the same position where [10] measured the incompressible momentum displacement
thickness which is 6.48 × 10−4 m.

Measuring the upstream boundary layer is important to see the influence on the turbulent quantities,
to notice if the boundary layer is developed, to make comparisons or to classify cavities (some authors
classify cavities according to L/θ).

As in [10] was provided the incompressible momentum thickness it makes sense to use the same
definition. The following definitions are, taken from [4]:

The computed upstream boundary layer parameters are δ∗ (the displacement thickness), θ (the mo-
mentum thickness) and H (the shape factor), for the finer mesh, are shown in table 3.2.

Mesh Model Set θ0 ×
104 [m]

θ0 Devia-
tion’s from
[10]

δ∗0 ×
104 [m]

H0 δ0 [mm]

a) 3 RANS κ− ε 1 1.28 80.2% 1.38 1.08 3.09
a) 3 RANS κ− ε 2 6.65 2.62% 8.10 1.22 7.84
b) 3 RANS κ− ω 1 1.02 84.3% 1.34 1.30 1.28
b) 3 RANS κ− ε 2 6.63 2.31% 8.06 1.22 7.84
a) 3 LES

Smagorinsky
1 1.64 74.7% 1.77 1.08 4.38

a) 3 LES
Smagorinsky

2 6.74 4.01% 8.60 1.28 7.29

Table 5: Computed upstream boundary layer parameters.

3.3. Instantaneous Flow Field
In this section the instantaneous Mach number and isolines of the pseudo-schlieren are presented. Un-
fortunately due to memory issues only a few instantaneous fields have been recorder thus hindering to
watch great part of the shedding cycle. The shedding frequency is around 2000 Hz or a period of 5e− 4 s
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and the results were recorded with a ∆t of 2e − 4 and 2.5e − 4, so at the best only two phases can be
shown.

Figure 2 a) shows the instantaneous Mach number of the flow for the LES simulation set 1. As can
be seen the Mach number is greater than one in some phase of the shedding cycle and this is going to
cause a complex vortex-shock interaction.

(a) Instantaneous Mach number for
top-hat velocity inlet profile.

(b) Instantaneous pseudo-schlieren
for power-law velocity inlet profile.

LES Smagorinsky a3 Free-Stream Inlet
Experimental 1st mode
Experimental 2st mode
LES Mixed-Scale 1st mode
LES Mixed-Scale 2nd mode
LES Implicit 1st mode
LES Implicit 2nd mode
-7/3

SP
L 

[d
B

]

0

25

50

75

100

125

150

175

Frequency [Hz]
100 1000 104 105 106 107

(c) SPL for LES top-hat veloc-
ity inlet profile.

Figure 2: Instantaneous results and SPL for the LES simulations.

Figure 2 b) displays the pseudo-schlieren for the LES simulation with a power-law inlet. As said
previously, the time steps saved is not as much as wished, but from [15]. The diagonal white lines in the
duct are longitudinal pressure waves. These waves when enter in the cavity they interact strongly with
the shear layer (the shear layer region has a lot of waves) and the geometry too. The waves generated by
the collisions of the shear layer and the downstream wall are interacting with the longitudinal waves.

It was also seen (but not shown) that RANS captured the wave patterns well however it does not
capture the physics of the flow below the cavity like the coherent structures whereas LES provides a more
realistic solution.

3.4. Pressure Spectral Density, Sound Pressure Level
Table 3.4 summarizes the computed SPL for the finer meshes for the two first frequencies. The overall
results are in agreement with the experiment [10], the greatest frequency difference is 4.3% and it is for
the LES with a power-law inlet. It was noted that the frequencies did not have a great exchange from
each mesh which means that the flow is governed by large scales instead of fine-grain turbulence ([15]).
LES simulations do not have a great SPL because the length of the signal is not as large as wished. One
can also note that the cut is effective in reducing the frequency because both meshes diminished the SPL
and the frequency for the first tone is the same.

1st Mode 2nd Mode
Frequency [Hz] SPL Frequency [Hz] SPL

Experimental [10] 1975 ± 6 154 3983 153
Numerical (LES Selective Mixed Scale), [15] 2025 ± 21 147 4053 147

Numerical (LES implicit), [21] 1954 157 3894 159

Table 6: Frequencies and SPL for validation on the upstream wall.

Figure 2 c) shows the SPL for the LES top-hat velocity inlet profile and shows that the signal length
is short because it does not capture more than two modes. It shows too a pressure spectrum decay rate
at −7/3.

3.5. The Velocity Field
In this section the computed velocity signal characteristics will be displayed and compared with the
literature [15, 10, 21], also each plot compares the inlet conditions (top-hat velocity and power-law)
and the level of refinement of each mesh. It is remembered that [10] is the experimental and data were
measured using laser Doppler velocimetry, [15] is LES with the mixed-scale model and [21] is LES without
sub-grid scale.
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1st Mode 2nd Mode
Mesh Model Set CFL Frequency

[Hz]
SPL [dB] Frequency

[Hz]
SPL [dB]

a) 3 RANS κ− ε 1 0.230 1996 155.8 3992 150.2
a) 3 RANS κ− ε 2 0.227 1996 150.3 4014 141.4
b) 3 RANS κ− ε 2 0.223 2006 151.6 3996 144.7
b) 3 RANS κ− ω 1 0.227 1982 145.2 3962 159.5
a) 3 LES 1 0.215 2035 143.4 4069 147.2
a) 3 LES 2 0.235 2060 143.5 4120 134.6
cut 1 LES 1 0.303 1068 130.7 2174 129.7
cut 2 LES 1 0.237 1068 133.8 - -

Table 7: Power spectral analysis of the pressure signal in the upstream wall.

3.5.1 RANS Model Results

Figure 3 shows the computed mean longitudinal velocity and mean normal vertical Reynolds stress for
RANS κ− ω and κ− ε mesh type b).

For the longitudinal mean velocity, figure 3 a), the power-law inlet is overall in satisfactory agreement
with the literature and the velocity for the mesh 1 (32,000 cells), it also underestimates the velocity below
the cavity (y/L < 2.4) and overestimates the results above the cavity (y/L > 2.4). The top-hat velocity
profile overestimates too the mean velocity above the cavity.

The mean normal vertical Reynolds stress, figure 3 b), can not be predicted by these models, and the
results are worse if mesh type a) is used. RANS for the Reynolds stresses only predicted the peaks of the
tensions at the shear layer influence zone.

The vertical velocities were in satisfactory agreement with the literature, as the mean longitudinal
velocities.

RANS κ-ω b1 Top-hat Inlet
RANS κ-ε b1 Power-Law Inlet
RANS κ-ω b2 Top-hat Inlet
RANS κ-ε b2 Power-Law Inlet
RANS κ-ω b3 Top-hat Inlet
RANS κ-ε b3 Power-Law Inlet

Experimetal, Forestier et al.
Numerical, Sagaut et al.
Numerical, Drikakis et al.

y/
L

2.2

2.3

2.4

2.5

2.6

U/U∞

0 0.2 0.4 0.6 0.8 1

(a) Mean longitudinal velocity.

RANS κ-ω b1 Top-Hat Inlet
RANS κ-ε b1 Power-Law Inlet
RANS κ-ω b2 Top-Hat Inlet
RANS κ-ε b2 Power-Law Inlet
RANS κ-ω b3 Top-Hat Inlet
RANS κ-ε b3 Power-Law Inlet

Experimetal, Forestier et al.
Numerical, Sagaut et al.
Numerical, Drikakis et al.

y/
L

2.2

2.3

2.4

2.5

2.6

v'2/U∞
2

0 0.01 0.02 0.03 0.04

(b) Mean normal vertical Reynolds
stress.

Figure 3: Mean longitudinal velocity and mean normal vertical Reynolds stress for RANS κ−ω and κ−ε
mesh type b) 1 (32,000 cells), 2 (64,000 cells) and 3 (130,000 cells) at x/L = 0.4.

3.5.2 LES Model Results

Figure 4 shows the computed mean longitudinal velocity for LES Smagorinsky. The LES results are in
good agreement with the experiments [10] and fine LES calculations [15, 21]. There are some influence
between the top-hat velocity inlet and the power-law inlet and surprisingly the differences occur inside
the deep cavity as a consequence of the small deviations in the shear layer.

Figure 5 shows the computed mean vertical velocity for LES Smagorinsky model. The overall results
are in good agreement with the data. Comparing the top-velocity profile inlet and the power-law inlet
the flow is both qualitatively and quantitatively correct. The power-law inlet produces the best accuracy,
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LES Smagorinsky a3 Free-Stream Inlet
LES Smagorinsky a3 Power-Law Inlet

Experimetal, Forestier et al.
Numerical, Sagaut et al.
Numerical, Drikakis et al.
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0 0.2 0.4 0.6 0.8 1

(a) x/L = 0.05.

LES Smagorinsky a3 Free-Stream Inlet
LES Smagorinsky a3 Power-Law Inlet

Experimetal, Forestier et al.
Numerical, Sagaut et al.
Numerical, Drikakis et al.
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0 0.2 0.4 0.6 0.8 1

(b) x/L = 0.4.

LES a3 Free-Stream Inlet
LES a3 Power-Law Inlet

Experimetal, Forestier et al.
Numerical, Sagaut et al.
Numerical, Drikakis et al.

y/
L

2.2

2.3

2.4

2.5
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0 0.2 0.4 0.6 0.8 1

(c) x/L = 0.95.

Figure 4: Mean longitudinal velocity for LES Smagorinsky mesh type a) 3 (130,000x24 cells).

this is obviously due to the inlet; [21] said that the deviations from ILES and the selective mixed scale
sub-grid model are due to the inlet conditions.

LES a3 Free-Stream Inlet
LES a3 Power-Law Inlet

Experimetal, Forestier et al.
Numerical, Sagaut et al.
Numerical, Drikakis et al.
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−0.05 −0.025 0 0.025 0.05 0.075 0.1 0.125

(a) x/L = 0.05.

LES a3 Free-Stream Inlet
LES a3 Power-Law Inlet

Experimetal, Forestier et al.
Numerical, Sagaut et al.
Numerical, Drikakis et al.
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2.4

2.5

2.6
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−0.025 0 0.025 0.05 0.075 0.1 0.125 0.15

(b) x/L = 0.4.

LES a3 Free-Stream Inlet
LES a1 Power-Law Inlet

Experimetal, Forestier et al.
Numerical, Sagaut et al.
Numerical, Drikakis et al.

y/
L

2.2

2.3

2.4

2.5

2.6

V/U∞

−0.5 −0.4 −0.3 −0.2 −0.1 0 0.1

(c) x/L = 0.95.

Figure 5: Mean vertical velocity for LES Smagorinsky mesh type a) 3 (130,000x24 cells).

The normal Reynolds stresses are shown in figure 6 , longitudinal u′2 is in figure 6 a) and vertical
v′2 is in figure 6 b). A good agreement with the experimental [10] and LES calculations of [15] and [21]
is obtained and better for the normal longitudinal Reynolds stress. The results in the lowest part of
the cavity for the two first stations are not so well predicted because it is needed more time steps, for
instance the top-hat velocity profile only run 17 turn arounds and the power-law velocity profile run 25
turn arounds and the fields were initiated without previous calculations.

Figure 7 displays the shear Reynolds stress for LES. The shear stress predicted value at x/L = 0.05
could not be well predicted with the present simulations. Despite this underprediction the simulations
are in satisfactory agreement for x/L > 0.2.

3.5.3 Comparison Between RANS and LES

Mean Flow A common detail seen in every simulation (that is why it is only reported now) is that
the longitudinal velocity at the x/L = 0.95 and below the cavity provides results which are in very good
agreement with the LES calculations [21, 15] and the experimental [10] is overpredicted when compared to
the computational. Also the vertical velocity for the same x/L is too well predicted with the experimental
[10] and LES calculations of [21, 15]. So it can be concluded that the wall has a stabilizing effect. Other
common thing to all the simulations is that at x/L = 0.8 the flow has the largest deviations from the
experimental [10] and LES calculations of[21] and [15].

In general LES and RANS predicted good results for the mean velocities, however the prediction of
the vertical velocity is better achieved with LES.
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LES a3 Free-Stream Inlet
LES a3 Power-Law Inlet

Experimetal, Forestier et al.
Numerical, Sagaut et al.
Numerical, Drikakis et al.
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(a) x/L = 0.2.

LES a3 Free-Stream Inlet
LES a3 Power-Law Inlet

Experimetal, Forestier et al.
Numerical, Sagaut et al.
Numerical, Drikakis et al.
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(b) x/L = 0.4.

Figure 6: Normal mean Reynolds stresses for LES Smagorinsky mesh type a) 3 (130,000x24 cells).

LES a3 Power-Law Inlet

Experimetal, Forestier et al.
Numerical, Sagaut et al.
Numerical, Drikakis et al.
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(a) x/L = 0.3.

LES a3Free-Stream Inlet
LES a3 Power-Law Inlet

Experimetal, Forestier et al.
Numerical, Sagaut et al.
Numerical, Drikakis et al.
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(b) x/L = 0.8.

Figure 7: Mean shear Reynolds stress for LES Smagorinsky mesh type a) 3 (130,000x24 cells).

Reynolds Stresses LES has a better performance than the RANS calculations for the Reynolds
stresses, this statement is neglecting the region below the cavity where it is thought that more sam-
ples are needed.

For the mean longitudinal normal Reynolds stress (u′2) RANS can provide a reasonable estimate
for the longitudinal normal Reynolds stress u′2 but only the peak value. However changing the mesh
structure to type b ) it allows the shear layer to expand however this does not mean that increasing the
mesh the results will be better, because LES use in each plane along the spanwise component the mesh
type a) and it catches the physics of the flow.

The mean vertical normal Reynolds stress (v′2) is poorly predicted by RANS compared to LES.

4. Conclusions
Simulations of a deep cavity were obtained with the OpenFOAM code. The results were obtained with
RANS (κ− ε and κ−ω turbulence models) and LES (Smagorinsky model). In addition the inlet velocity
profile that generates the incoming boundary layer up to the cavity upstream edge was simulated by a
free-stream velocity top-hat profile and a power-law velocity profile.

Grid
The influence of the mesh on the predicted dominant frequencies is low which means that the flow is
governed by the large-scale coherent structures ([15]).

The grid refining has influence on the mean velocity and the Reynolds stresses, and as could be
expected the mesh which produces best results compared to the experimental and computational is the
130,000 cells mesh. The 3 million cells mesh provides better results for LES than 1.5 million cells mesh.
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Upstream Boundary Layer
The major influence of the inlet profile is in the mean longitudinal velocity above the cavity, where the
top-hat profile does not generate the momentum thickness measured.

Frequency and SPL
The frequencies obtained with LES and RANS are well predicted as well as the SPL, however RANS is
unable to predict the random pressure fluctuations presented in the turbulent shear layer. The cut is
effective in attenuating the SPL.

RANS and LES
The greatest differences between LES and RANS are in the turbulent flow quantities and the broadband
noise. Overall LES predicts better results compared with the experiments as reported by fine mesh LES
calculation.

For both techniques it was seen that the aft wall has a stabilizing effect because the mean velocities
at x/L = 0.95 are quite well predicted when compared with the computations of [15, 21]. Other common
issue is that at x/L = 0.8 the mean vertical velocity is poorly predicted.
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