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Introduction

In 1962, R. Kraichnan [1] predicted a transition to a new regime of convection for high Rayleigh number, the so called ultimate regime of convection. This regime is characterized by the most efficient thermal transfer of all those predicted in convection. Recently, Rayleigh-Bénard experiments in cryogenics conditions [START_REF] Wu | Along a road to developed turbulence: free thermal convection in low temperature helium gas[END_REF][START_REF] Chavanne | [END_REF]4] report apparently contradictory results on the existence of a transition compatible with this regime for Rayleigh numbers above 10 12 . Here, we report the first steps of a systematic investigation on the conditions in which the transition can be obtained.

Experimental setup

The reference cell chosen for com- parison with others is the one used by Chavanne et al. [START_REF] Chavanne | [END_REF]: cylindrical cell of aspect ratio 0.5, cryogenic helium as the working fluid, copper top and bottom plates and a 0.5 mm thick stainless-steel side wall.

Prandtl number is in the region 0.7 < P r < 20.

The first tested parameter is the conductivity of the plates in order to test the phenomenological model proposed by Chillà and colleagues [5]. The test consists in replacing the bottom copper plate of the Rayleigh Benard cell with a brass plate which has a thermal conductivity about 250 times lower than a copper one. Further details are given in [6]. For reference we present here a method used in the Grenoble's group since 1999 to measure the thermal conductivity of plates [this method was suggested to us by L. Puech and P.E Wolf]. We measure the ratio between the electrical conductivity of the plate at room and liquid helium temperature. The thermal conductivity is well-known at room temperature and not very dependent on the impurities and annealing; using Wiedemann-Franz equation (κ T1 /σ T1 T 1 κ T2 /σ T2 T 2 ) we then calculate the thermal conductivity at liquid helium temperature (κ is the thermal conductivity, σ the electrical conductivity and T the temperature). The electrical conductivity measurement is based on a Foucault current approach. Two coils are placed on both sides of the plates (see insert in fig. 1 ). Varying the input voltage frequency of one coil, we measure the currents induced in the other one for different temperatures. It can be shown with Maxwell equations that we can deduce the value of the RRR1 rescaling the frequency on the curves on figure 1. For the brass plate the RRR=σ 4.2K /σ 292K = 2.38 (RRR=180 for the copper plate). At 4.2 K we find a thermal conductivity of 4.0 W/m.K (brass plate) and 1090 W/m.K (copper plate).

A second tested parameter is the influence of the flanges at the interface between plates and the side wall. Indeed the flanges for the Grenoble cells (see fig. 2.) differ from the Oregon one [4] .

Starting from Grenoble flanges design we added a heater ring on the outside of the side wall within 1 cm above the bottom plate and a temperature regulated copper ring to extract a controled fraction of heat from the side wall within 1 cm from the top plate. We also put a local heater on the side wall of the cell to try to break the symmetry of the flow. The figure 3 sums up a sample of the working conditions (P is the total power injected into the cell and Q 0 is the power injected in the top ring in order to compensate the extracted power from the side). As a third test, we also changed the thickness of the side wall, which was 4 times thicker (2 mm vs 0.5mm) than in the reference cell [7].

Results and concluding remarks

Data are presented in fig. 4. We can see that the transition occurence is robust to a strong reduction of the plate conductivity, an axisymetric parasitic heat flux on the side wall near the plate, an axisymetric break by a lateral heat flux on the side wall and a significant thickness increase of the side wall. These parameters in the range of values explored here can't explain the Grenoble-Oregon controversy. 
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 1 Fig. 1. Magnetic field transfer function through the brass plate.
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 2 Fig. 2. Detail of the flange assembly for the Grenoble cell.
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 34 Fig. 3. Different working conditions for the top and bottom ring and the side heater.
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