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•Rayleigh-Benard convection cell 0.3 m x0.3 m x0.3 m 

•Fast thermistor-FP07, 

•Particle Image Velocimetry (PIV),

•Linear polarization measurement system,

•Shack-Hartmann wavefront sensor-to optically measure 

temperature spectra.

Experimental setup
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αT is the coefficient of thermal expansion of 

water at 20 oC (αT = 2.1*10-4 oC-1), g the 

acceleration due to gravity (9.8 ms-2), d the 

depth of the tank (0.27 m), ΔT the temperature 

difference across the tank,  the kinematic 

viscosity of water at 20 oC (n = 1.0*10-6 m2s-1), 

and DT the thermal diffusivity of water at 20 oC

(DT = 1.42*10-7 m2s-1).  

Rayleigh number



Turbulent Kinetic Energy 

Dissipation Rate, ε
• Dissipation rate (m2/s3):

• - kinematic viscosity (m2/s)

• -strain rate tensor:
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• From 2D PIV assume isotropy, PIV 

window size and then:  
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TKED histograms for varying 

Ra number

 log

Ra = 2.6*108 Ra = 2.2*109 Ra = 3.3*109

Note: increasing energetic 

layer near side walls

Energy dissipation rates -results 

Mean speed [mm/s], 

Ra = 2.8*109
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Temperature dissipation rates  

• For homogeneous and isotropic 

turbulence, the temperature 

dissipation rate  may be 

expressed as:



• horizontal variability 

calculated as:

i.e. from horizontal transects 

of temperature fluctuations.

Note: the change in vertical 

scale between (a) and (b).
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Temperature dissipation rate  

ΔT = 12 oC.

ΔT = 1 oC





Temperature dissipation spectra, 

energy dissipation rate
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• Dissipation range temperature 

spectra are flow invariant and 

depend only on e and c 

exp(-k2)

or exp(-k) ?

k
k peak

•Energy dissipation rate 

can be found from the 

temperature dissipation 

spectra as:

• Dissipation spectra:  k2E
T
(k)

Bogucki et. al. JFM 1996
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Kraichnan vs. Batchelor spectral form
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