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Abstract
The development of systems of aeronautical propulsion able to meet the forthcoming drastic certification on

low level of pollutants emission partly relies on the development of new concepts of combustion chambers based

for instance on the Lean Premixed Prevaporized (LPP) technology [5]. In such type of combustion chambers,

both large scale coherent motion and turbulence contribute to the flow unsteadiness and only the modelling

approaches able to deal with this peculiarity can be used to participate in the development of these systems.

In that respect, the choice appears to be "limited" to either the Large-Eddy Simulation (LES) [3][4] which

involves the resolution of unsteady space averaged governing equations or the Semi-Deterministic Approach

(SDA) [7][8][9][11][12] which stretches the capability of one-point Reynolds Averaged Navier Stokes approach

by explicitly discriminating in the flow unsteadiness between the coherent and the stochastic motion. In that

framework, the present study proposes an experimental methodology aimed at assessing the intrinsic coherence

of a classical turbulence model in the case of a turbulent premixed propane-air flame stabilised by a symmetrical

backward-facing step, a dump combustor that can be considered as a highly simplified LPP system.

The great interest of such a flow is that it features simultaneously large scale coherent motion as well as

turbulence [1] and thus can be used to study combustion instabilities [6][10] as well as to develop and test

new turbulent combustion modelling that will benefit from the relative simplicity of the flow geometry [2] while

yielding results that will be useful for the development of the real LPP systems. Our objective here is to pinpoint

the fact that the conclusions concerning the "performance" of a given turbulence model (here a classical k − ε

model) can be drawn in a sound way only if the conditions of application of the model are realised. In the case of

a flow unsteadiness for which the coherent motion plays an important role as it is the case for LPP systems, this

implies in particular that the turbulence model has to be applied to model solely the transports that take their

source in the stochastic fluctuations. Consequently, as far as the experimental data are concerned, this means

that a specific data processing has to be carried out in order to extract the Reynolds stresses associated with

the stochastic motion. This requirement being fullfilled, the predictive capabilities of the model or its coherence

can be examined. Along these lines, we propose a simple experimental methodology aimed at permitting such a

"fair" turbulence model testing. At any point M within the flow, the coherence of the turbulence model will be

assessed by comparing the modelled values (u02s )
k−ε
M and (v02s )

k−ε
M to the measured ones. The modelled values

will be determined from the experiments by applying the following 5-step procedure:

1. Simultaneous measurement of the streamwise and the transverse component of the velocity with a 4-beam

LDV system at point M .
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2. Measurements of the velocity components in the neighbourhood of M in order to be able to compute

(∂u/∂y)M and (∂v/∂x)M .

3. Use at point M , of the SDA that introduces the following triple decompositions: u(t) = u+ u0s(t) + u0p(t)
and v(t) = v + v0s(t) + v0p(t) to extract u

0
s(t) and v0s(t) and then calculation of the shear stress (u0sv0s)M

associated to the stochastic motion.

4. Evaluation of the turbulent kinetic viscosity by: (νt)M = −(u0sv0s)M/ (∂u/∂y + ∂v/∂x)M

5. Calculation of the "modelled" Reynolds stresses according to the following expressions:

(u02s )
k−ε
M = −2(νt)M (∂u

∂y
)M +

2

3
kM and (v02s )

k−ε
M = −2(νt)M (∂v

∂x
)M +

2

3
kM where kM =

1

2

³
u02s + 2v02s

´
M
(1)

Figure 1 presents a schematic view of the flow configuration considered as well as an example of the shape

of the instantaneous flame brushes and Table 1 lists the related flow parameters.
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Figure 1: Characteristic dimensions (in mm) of the combustor and instantaneous flame brushes with time exposure =
1/1000 s.

Case Stream Re = Q Ubulk Φ Thermal Power (kW )
UbulkH/ν0 g/s m/s

c1 upper 25000 65 11 0.75 110
lower 25000 65 11 0.75 110

Table 1: Main parameters of the test cases (atmospheric pressure, temperature of the incoming flows = 276 ± 10 K;
systematic error in Q = ±1 g/s, in Re = ±2%, in Ubulk = ±1.5%, and in Φ = ±0.025).

Figure 2 gives, at two different locations in the combustor, the transverse profiles of the turbulent kinematic

viscosity normalized by the molecular kinetic viscosity ν0 of the fresh mixture calculated either by using the

stochastic or the total shear stress. These results show that the use of the total velocity fluctuations to compute

νt leads to an important overestimation of the turbulent kinematic viscosity coefficient when compared to the

values obtained when only the stochastic shear stress (u0sv0s) is considered.
The results presented in Figures 3 and 4 demonstrate that a fair agreement is obtained between the values

computed by the model and those obtained directly from the experimental measurements (Figs. 3.c and d -

Figs. 4.c and d) provided that only the stochastic contribution is considered in the comparison. The contrast is

clear with the poorer quality of the agreement between measured and modelled values presented in Figs. 3.a and

b and Figs. 4.a and b where the total velocity fluctuations is used without extraction of the sole contribution of

the stochastic motion. Thus, these results suggest that a numerical simulation of such reacting flow, based on
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Figure 2: Profiles of the turbulent kinematic viscosity normalized by molecular kinematic viscosity of fresh mixture at
two streamwise abscissa x = 1h, 2h.

a "simple" turbulence model could produce accurate results if both the calculations and the comparisons with

experiments were carried out by considering only the stochastic motion.

Figure 3: Profiles of the streamwise velocity fluctuations (total u0, stochastic u0s) measured and modelled at two
streamwise abscissa x = 1h, 2h.
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