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Supercritical (SC) fluids are widely used in industry. Power plants, 
refrigeration, chemical and pharmaceutical industry and waste disposal are 
some examples of their application. In the energy production sector, SC fluids 
can be used as cooling fluids for power plants (PPs) because they allow to 
increase their thermal efficiency. They are already in use in coal-fuelled power 
plants, while research is going on to design a new kind of nuclear reactor 
cooled by supercritical water. SC fluids are used also in food industry for the 
extraction of chemical compounds, e.g. for decaffeination. 

One of the main challenges with the use of SC fluids is the understanding 
of near wall heat transfer and its modelling (turbulence models, heat transfer 
correlations). At SC conditions fluids experience a sharp change of material 
properties. As a result, the heat transfer behaviour of SC fluids becomes 
very different with respect to the one at sub-critical pressures. Under certain 
condition (which varies per geometry, flow conditions, pressure, type of fluid 
and boundary conditions), heat transfer can significantly deteriorate and cause 
severe damage. An example can be found in Figure 1, showing a damaged, 
stainless-steel pipe in our Freon R23 loop that ran under supercritical 
conditions. Local temperatures went high enough to melt the steel pipe wall!
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Effect of local deterioration of heat 
transfer in a supercritical fluid (R23).
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  Several heat transfer correlations have been proposed in the past for SC fluids. However, most of them are based 
on empirical data that cannot be generalized to a wide range of experimental conditions. The only way to develop 
physically sound models for heat transfer would be a bottom-up approach, i.e. by looking at phenomena on small scales by 
experiments and Direct Numerical Simulations [1].

To this purpose, Valori [2] explored the possibility of performing non-intrusive local velocity measurements in 
supercritical fluids with Particle Image Velocimetry (PIV). The experiments were performed in a Rayleigh-Bénard (RB) cell 
at SC conditions, with the goal of providing instantaneous and time-averaged velocity fields with strongly changing fluid 
properties. This study turned out to be a challenge, as the large density gradients (up to 42% difference) cause significant 
refraction of the laser light and influence the path of the seeding particles. Moreover, the RB cell had to be optically 
accessible at a high pressure (57 bar), leading to a range of practical difficulties to overcome.

The high-pressure RB-cell was composed of a cube with two horizontal copper plates and four glass lateral walls. 
This cube was inserted inside a stainless-steel cylinder with three sight-glass flanges made of borosilicate to allow optical 
access to the flow. A drawing of the RB-cell is shown in Figure 2.

Drawing of the Rayleigh-Bénard high-pressure cell, 
with indications of: copper plates, thermocouples, 
laser port, borosilicate glass wall, water feeding 
pipes, and CHF3 feeding pipe

Inside each horizontal copper plate, a conduct for water was made to fix the temperatures of each plate. For 
insulation purposes, the copper plates were not in direct contact with the stainless steel, but there was an insulating gap 
between them as shown in the above Figure. The working fluid used was Trifluoromethane (R23, CHF3) because of its 
experimentally accessible critical point (4.8 MPa at about 26 oC). For each experimental condition, tracer particles were 
selected considering the density of the fluid at the average temperature in the cell, as well as the fluid densities at the top 
and bottom plate temperatures. The light source used was a diode pumped solid state laser (continuous, 5W, 532 nm), the 
camera was a LaVision Imager MX, with a resolution of 2048 X 2048 pixels and a pixel pitch of 5.5 µm. 

A preliminary background oriented schlieren (BOS) study was performed to quantify the effects of strong density 
changes within the flow. It was found that, except very close to the walls, an upper bound for the PIV velocity error due to 
optical distortions was estimated at approximately 2.5%.

Some of the PIV results can be found in Figure 3. The time-averaged velocity fields showed strong asymmetries that 
are not visible under non-Boussinesq conditions in liquids [2]. More details of the work of Valori can be found in her PhD 
thesis [2].
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Instantaneous flow field (left), time-averaged flow field (right) in supercritical R23. The color scale indicates the magnitude of 
the velocities. Only one vector every four data points is plotted.


