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SummaryThe temperature field in a Rayleigh-Bénard conwectiell is a very important information for the enstanding of the
physical mechanism of the convection. By use otwi@ecolors LIF (Light Induced Fluorescence) tegue, first the temperature field of
a single rising plume in a quasi-infinite mediameasured, then, the temperature field of sevetataicting plumes is measured and
finally, the temperature field in a cylindrical kef aspect ratio one is measured.

INTRODUCTION

Rayleigh-Bénard convection has been an active éldsearch for the last twenty years (see [1g2ff review), but
our understanding of the turbulent convection iRayleigh-Bénard cell is still not complete. Severah invasive or
invasive experimental techniques have been usedn@gnthem, the heat transferred by the cell was uredsby
measuring the incoming heat flux and the tempeeatirthe top and bottom plates respectively. Thveg global
information about the heat transfer, for instanttes Nusselt number scaling or the critical Rayleigimbers
corresponding to transitions of regime. By introdgctemperature probes equally spaced around agaither in the
wall of the cell or inside of the fluid, the oriaibn and the behaviour of the large scale flowiddne investigated [3]
and compared to theoretical models. Other expetatists [4] have introduced very small thermistlosated close to
each other, pointing in different directions to ggbrmation on the local fluctuations and locadsipation rates and the
Reynolds numbers.

The shape of the plumes and their movement has ieasured by shadowgraph technique either fronsithes or
from the top [5]. This technique locates the pluraed determines their shapes but do not give irdtiom on the
temperature of the plumes itself. A clever way teasure the temperature field is to use thermoclurdiquid crystals
[6]. Although this later technique is very usefaldtudy the morphological evolution of thermal pkenthe range of
temperature where the thermochromic liquid crysthés different colours is quite limited, what riestthe use of this
technigue to some special conditions. PIV (Partiglage Velocimetry) technique is another powerédhnique used
to determine the velocity field [7]. It has beemywsuccessfully implemented to investigate thedasgale circulation in
Rayleigh-Bénard turbulent convection cell of aspatibl" = D/L of 1 and % (D is the diameter, L is the Hnt)g

All these techniques give interesting informatibatthelps us to understand the physical mechanmhtacompare
these experimental results with models and numlesinaulations. In our work, the temperature fieddnmeasured by a
two colour LIF (light induced fluorescence) techuggover a large range of temperature differencesur knowledge,
this technique has not been used previously iffighe of Rayleigh-Bénard turbulent convection. THE technique is
non invasive and has the advantages to be ablke ¢orbbine with other techniques like Particle Thagk/elocimetry.

Experimental Set-Up and Measurements Technique

The cell is a cylindrical cell of 10 cm diameterdasspect ratio 1. The side walls are in Lexan,bibitom plate is in
oxygen free copper and the top plate is in sapphirallow a good optical access from the top. Thedm plate is
heated electrically by a power supply. This cyliodk cell is surrounded by a jacket at the mearpenature of the cell
in order to minimise heat leaks through the Lexde svalls. Distilled water is used as fluid. Theoexmental set-up is
given in Fig. 1. The temperature of the cell ggesnf 15 to 70°C. The cell can reach Rayleigh numbetke range of
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difference between the top and bottom plgtthe acceleration of gravity the thermal diffusivity and the kinematic
viscosity.

10" to 10. The Rayleigh number iRa=

. Here a is the thermal expansion coefficiedI] the temperature

The two-colour LIF is a temperature measuremertriigeie developed among others by some of us [8,08, It

consists of using a fluorescent dye diluted inwlaer and illuminated by a laser. The main pointhef two-color LIF

is to use two different wavelengths in the fluom®e spectra of the dye. By measuring the intersityhe

fluorescence light of these two filtered wavelenpthintensified cameras and by prior calibrationemperature field
AA)

can be measured by the relation [9]; (1) =K, (1)K ;,e(A)V dCe T

whereK,, is an optical constankge.is a constant that depends solely on the specipasproperties of the tracds,

the laser excitation intensit{ the concentration of the tracél, the absolute temperature avidthe collection volume

of the fluorescence photorn8js the temperature sensitivity coefficient.
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The advantages of these technique is to be norsivejanot limited to a small temperature rangemeasure the
temperature field in a full plane and to be abldéocompleted by other optical measurements teabsitike PIV or
Particle Tracking Velocimetry.
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Figurel: Rayleigh-Bénard convection cell of aspect rdtio

Results

The temperature field is first measured aroundnglsiplume generated by a small resistance. Thessumements
allow us to observe how fast a rising plume losedbat with the time. PIV measurements on the saysiem give the
flow field generated by this single plume, and axpkthe “mushroom shape” of the plumes observedragétime. Then
the temperature field of two or more plumes inténgcis measured. The plumes have a tendency tgerter create
one larger single plume. Finally the large scateutation is brought to light by the LIF measuredperature field.

CONCLUSIONS

The LIF technique used gives new information onlénge scale circulation present in the Rayleighd&Bé cell. The LIF
techniques make it possible to see the plumes fhenside and to measure simultaneously the flowvatatity fields of
rising plumes.
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