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Quantized vortices and superfluid turbulence are the object of experimental and theoretical 
research, because they provide direct macroscopic manifestations of quantum features. There 
are various superfluids where quantized vortices and turbulence can be present: He4 and He3 
liquid helium, Bose-Einstein condensates, neutron stars, and so on. In superfluid helium 4, 
three of the most well known situations are turbulence in a rotating cylinder, turbulence in 
counter-flow (i.e. in the presence of heat flux) and turbulence in co-flow (i.e. in the presence 
of mass flux). 
In the recent years the study of turbulence in superfluids has received new attention, because 
of its similarity with classical turbulence. Our research group, which includes Italian, Spanish 
and Russian researchers, is very interested in supporting with theoretical and computational 
studies the forthcoming CERN initiative in cryogenic experiments. The possible contributes 
of our research in this project are the following ones: 
 
FORMULATION AND MATHEMATICAL ANALYSES OF MODELS OF TURBULENT 
SUPERFLUIDS, including 

1) Description of anisotropy effects of the container, and of the orientation of vortex 
lines on the structure and the evolution of the vortex tangle and the vortex distribution 
in rotating superfluids in the presence of a counterflow or a coflow across the 
superfluid system. Fractal effects related to the structure of the vortex tangle will be 
taken into account, if necessary. 

2) Influence of nonlocal terms on the evolution of the vortex tangle, in the presence or 
absence of rotation. We will study the role of the perturbations in the boundaries as 
sources of vortices, and the transport of these vortices into the bulk of the superfluid. 
This study of coflow situations, and its relation to an effective viscosity of the 
turbulent superfluid, will allow us to deal more realistically with the cryogenic 
microflows of superfluids. 

3) Study of inhomogeneous vortex distribution of vortex lines, in the presence or absence 
of rotation, by taking into account the diffusion of vortex lines towards an 
homogeneous situation and the role of diffusion in the motion of vortex lines from the 
walls towards the bulk of the system. We will compare the diffusive behaviour with a 
drift behaviour determined by centripetal forces on the vortices due to the rotation of 
the sample, and to the repulsive force amongst vortices. 

4) Study of the interaction between particles, superfluid vortex tangle and normal 
component. Analysis of the influence of the vortex tangle on the Brownian motion and 
diffusion of the particles. 

5) Computation of fractal dimension of turbulent flows in cryogenic Helium, including 
correlations of the lagrangian variables, by using the perturbation methods of quantum 
field theory, with regards to the possible explanation of the anomalous exponents 



measured in the experiments of cryogenic Helium. We will use the WKB method with 
suitable averaging. The representation of the global solution by means of the Maslov 
canonical operator could give interesting new results especially in the experiments 
where the turbulence of the fluid cannot be described simply in terms of an advection 
equation for physical observables. 

 
We will study both counterflow situations (vanishing mass flux and nonvanishing heat flux) 
and coflow situations (nonvanishing mass and vanishing heat flux) and the coupled situation. 
This would provide a wider basis to compare classical turbulence with quantum turbulence, as 
classical turbulence is produced by mass flow. In all these cases, we want to compare our 
theoretical analysis and numerical results with as many experimental data available. 
 
INTEREST OF THE RESEARCH 

1) The study of the interaction between the fluxes of particles, the superfluid vortex 
tangle and the normal component may allow us to better interpret experiments in 
superfluids helium which uses the Particles Image Velocimetry. 

2) From a practical perspective, we mention the use of superfluids for the refrigeration of 
nanosystems, as small electronic circuits in supercomputers. The study may offer a 
more detailed basis for a formulation of microfluidics of cryogenic superfluids, 
because it will outline the role of the walls in very narrow capillaries. We want to 
follow this aspect, for which the influence of walls and the dynamics of the superfluid 
on the boundaries may be especially relevant. 

3) In astrophysics, superfluid neutron stars provide a challenging physical example for 
the application of the coupling of rotation (which is very fast in neutron stars) and heat 
flow. Our studies may be useful to analize some features of the rotation and the 
structure of such stars. Furthermore, the knowledge of the surface perturbations in a 
nonsteady situation –for instance, in the acceleration of the rotation rate- may be of 
interest. 

4) From a thermodynamic perspective, our study will allow to incorporate the analysis of 
quantum turbulence in the framework of non-equilibrium thermodynamics. 
Furthermore, it will foster the comparison between macroscopic evolution equations 
for the superfluid and the current microscopic models being studied for the formation 
and destruction of quantum vortices forming the turbulent tangle. Information theory 
and maximum-entropy arguments under nonequilibrium constraints will be used for 
the description of higher-order moments of velocity fluctuations. 

5) Compare the several current theoretical approaches among each other and with the 
experiments on cryogenic Helium. Study the problem of computation of anomalous 
dimensions in turbulent flows using the Naviers Stokes equation with high Re, or 
other hydrodynamic equations proposed for turbulent superfluids, and explore the 
influence of the boundary conditions and initial conditions of the typical experiments 
of cryogenic Helium. 
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