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1. Introduction.

In many industrial processes, the combustion is realized in closed chamber. Internal
combustion engines have this specification which is involved an important energetic loss by
heat transfer. Then, many studies were focused to quantify the effect of the flame-wall
interaction on the wall heat transfer and on pollutants formation [1,2,3,4,5]. However, if many
results concerning the quenching distance, the heat transfer intensity and the evolution of
pollutants formation are available, few authors were studied the effect of the combustion
chamber boundaries on the flame propagation speed, flame stretch or the variation of the
consumption speed. Recently, Poinsot and al. [6] show by Direct Numerical Simulation that
walls can affect the development of a turbulent, or laminar, flame even if the distance between
the flame front and the wall is important.
Then, the aim of this work is to study experimentally the effect of a wall on the development
of premixed laminar methane – air flame in the case where fresh gases are trapped between
the wall and the flame front. To separate all phenomena encountered during the engine
combustion process, an atmospheric pressure vessel has been developed. The particularity of
this experimental setup is that we can generate different types of flame development
(spherical, flatted, wrinkled…), as function of the ignition device location.
High speed Particle Imaging Velocimetry technique was applied to study the temporal
evolution of different parameters. Here we present the temporal evolution of fresh gases
velocity, flame displacement speed and stretch of the flame front as function of the local
distance between the flame front and the wall in the case of the spherical configuration.

2. Experimental Setup

The experimental setup is an atmospheric pressure vessel (82x82x350 mm3), fully described
in [7]. At one of its extremity a wall is placed. Four windows allow the visualization of the
interaction phenomenon. At the other extremity, a valve allows the closure of the vessel



during the extraction of burned gases, the intake of fresh gases and the relax, then the open of
it during the combustion to keep the pressure constant to the atmospheric one. Methane-air
premixed mixture is used at three different equivalence ratios (0.6, 0.8 and 1). Different
ignition device locations between the wall are possible to generate spherical or flatted
propagation of the flame front.

3. Particle Imaging Velocimetry set-up and Images Processing

High Speed PIV measurement has been made by using the experimental setup realized at the
CORIA, by Lecordier [8]. An Oxford copper vapor laser (512.6 nm and 478.2 nm wavelength,
about 6.5 mJ energy per pulses, pulse duration equal to 50 ns) was used at a pulse frequency
between 1 to 6 kHz. The 40 mm diameter laser beam passes through a semi-cylindrical lens
(focal length 0.2 mm) and a semi-spherical lens (focal length 1 m) to form a sheet. The image
acquisition is realized by a high-speed CORDIN camera on 35 mm Kodak TMax3200
photographic films. The size of the observed area is 30 x 35 mm². Films are digitized by a
Kodak scanner at 2000dpi [7,8]. Then the magnification ratio is 22.5 µm/pixel. Images are
binarised and the contour is extracted to get the flame front.

The fresh gases velocity is calculated with the Insight 3.3 TSI Software on a grid mesh of 64 x
64 pixels². Flame front velocity Sd and fresh gases velocity Vg near the flame are determined
by using the binary images correlation and particles correlation on adaptive mesh grid
(rotation and translation at each point of the contour of the instantaneous flame fronts) [7, 8].

With these measurements, it is possible to determine the local flame stretch defined by [9,10]:
 K = Stt + 2.Sd.h (1)

Where Stt represents the tangential strain rate defined by the derivate of the tangential velocity
of the fresh gases at each point of the contour, h, the local curvature of the flame front and Sd
the flame velocity defined by:
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4 Experimental results

In Figure1 an example of the spherical flame evolution at different timing steps and during 4.8
ms, is represented by superimposing flame front contour and velocity vectors. We can observe
that fresh gases velocity decreases rapidly when the flame-wall distance is less than 5 mm.
One must keep in mind that the fresh gases motion is induced by the thermal expansion of the
reactive zone and by its confinement between the wall and the flame front. The wall creates a
stagnation point involving an increase of the flame front radius and the tangential fresh gases
velocity. Therefore, the tangential strain rate becomes as important as the stretch due to the
curvature.
If we focus the analysis on the flame front orientated to the wall, it is possible to plot the
different characteristics as function of the flame-wall distance. But due to the size of the mesh
to calculate the cross-correlation (~1mm²), no local properties can be determined between the
wall and the flame front when the distance is less than 0.5 mm. In Figures 2 and 3 are



represented the flame front displacement and the fresh gases velocity associated to the contour
for the different equivalent ratios. Sd and Un decrease linearly as function of the flame front
distance. The fresh gases velocity seems to tend toward zero and the flame front displacement
toward a value lightly lower than the laminar combustion speed SL0 for each equivalent ratio
(respectively SL0 = 0.42, 0.26 and 0.09 ms-1 for φ=1, 0.8, 0.6). The flame front is then globally
modified by the wall which stops the motion of the fresh gases and decreases  the
displacement speed Sd. In Figure 4 the local flame stretch term K is presented for different
equivalence ratios as function of the flame-wall distance. We show that K decreases linearly
toward zero for the three equivalent ratios. If we decompose the different terms of the
Equation 1, , we can note thatthe tangential strain rate Stt, plotted in Figure 5, tends toward
zeros when the flame-wall distance is greater than 5 mm and has a evolution as for a non-
disturbed spherical flame development, reaches a maximum value and so becomes non
negligible  at  the distance equal to 1.5 to 2 mm and for all equivalence ratios.Finally, when
the flame front approaches the wall, the tangential strain rate decreases strongly. This
tendency can be induce  by the decrease of the flame displacement, affected by the wall,
which decreases the motion of the fresh gases. The other term of the Equation 1, the local
curvature stretch term 2.Sd.h, represented in Figure 6, decreases rapidly as function of the
flame-wall distance until it tends asymptotically to zero .
We could be distinguish three stretch evolution zones relevant for any equivalent ratio:
• The first one is characterized by the development of a non-perturbed spherical flame for

distance d> mm. The stretch term K is then controlled mainly by the curvature effect and
then by 2.Sd.h term.

• In the second domain, for a 2 mm< d < 3 mm, the stretch terms, 2.Sd.h and Stt havesimilar
values

• Finally, for d< 2 mm, 2.Sd.h tends asymptotically toward zero   Stt decreases rapidly.
Due to the different evolution of 2.Sd.h and Stt, the stretch effect K decreases linearly as
function of the flame-wall distance d. Therefore, if the stretch K tends toward zero, we will
measure the flame speed consumption (Sd-Un), equal to the laminar flame speed SL0.
However, with  the resolution of our experimental setup, we can not determine any velocity
for distance d <0.5 mm and then verify this tendency.

1.2 ms 2.4 ms 3.6 ms 4.8 ms

Figure 1 Temporal evolution of a spherical flame near a wall. Φ=1
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Figure 2 – Flame Front Velocity
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Figure 3 – Fresh gases velocity
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Figure 4 : Local flame stretch as function of the flame-wall distance.
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Figure 5: Tangential strain rate
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Figure 6 : Local curvature stretch

5. Conclusion

In this study, a high speed PIV system was used to study the temporal evolution of the flame-
wall interaction. Associated with an appropriate image post-processing, we have determined
local flame characteristics and particularly different terms of the flame stretch. The local
stretch rate K decreases linearly as function of the distance d and at the approach of the wall it
is governed by the tangential strain rate and not by the curvature one. This term is usually
neglected in laminar flame studies. . In the case of spherical flame developmentconfiguration,
the flame displacement speed is affected by the wall even if the distance between the front
flame and the wall is fourty  times greater to the flame thickness. This characteristic seems to
be controlled by the velocity of the fresh gases.
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