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Motivation and goals  
•   Motivation of this topic for the talk is inspired by the sentence from  first 

announcement of the workshop "We are organizing a workshop to bring 
together experimentalist and theorists to share ideas about 
interpretation of currently available experimental measurements, and 
working out ways for the most effective experiments in future…..".  

•  Therefore I decided  to discuss several  theoretical results, which have 
experimental (or/and numerical) consequences  

•  Although there is no developed theory of quantum turbulence (QT) so 
far, rather the isolated modest separate fragments exist, they bear a 
series predictions which can serve as ideas for experimental and 
numerical proposals.  



Plan of talk 
•  Kinetics of vortex loops and the theory of quantum turbulence. 
•  Hydrodynamics of the superfluid turbulence(coarse-grained. 

Hydrodynamics) and its applications. 
•  Spectrum of Vortex Line Density (VLD)  <δL(ω)δL(-ω)>. 
•  Thermal equilibrium state.    
•  Quasi-classical Turbulence (E as function of  L). 
•  Rotating turbulence. 
•  3D Energy spectrum. 















The cascade-like fusion and the cascade like breakdown 



 
Flux of length (energy) 

 



The low temperature quantum turbulence 

The negative flux appears when the break down of loops prevails 
and the cascade-like process of generation of smaller and smaller 
loops forms. There exists a number of mechanisms of 
disappearance of the vortex energy on very small scales. It can be 
e.g. the acoustic radiation, nonlinear Kelvin waves, loop escape 
etc. These dissipative mechanisms balance the grow of the line 
length due to the mutual friction. As a result, fully developed 
turbulence with the flux of energy in direction of small scales is 
formed, what implies highly chaotic picture of the vortex tangle. 



The high temperature quantum turbulence 
The case with inverse flux is less clear. The inverse cascade 
implies the generation of larger and larger loops. Unlike the 
previous case of the direct cascade, there is no an apparent 
mechanism for disappearance of very large loops. The probable 
scenario is that the parts of large loops are pinned to the walls. 
Finally, a state with few lines stretching from wall to wall with poor 
dynamics and rare events is realized, this is a degenerated state 
of the vortex tangle. Some numerical investigators Schwarz1988, 
Aarts, report on this situation. This observation can be an 
alternative explanation for a phenomenon discovered in Helsinki 
group (Finne2003), who observed transition to superfluid 
turbulence governed by the temperature. 













Slow decay of the vortex tangle, HST consideration 

After switching off the heater, the field of 
velocities does not vanish instantaneously. 
But this, in turn, implies, that the 
generating (first) term in the Vinen 
equation is not zero (although it decreases 
in time), therefore the total decay of the VT 
should be slower.. 
The quantity 1/L(t) calculated from a set of 
HST equations (Kondaurova, 1993). The 
straight line corresponds to VE. 



Slow decay of the vortex tangle, Dresner equation 









 Thus, the study of the effects connected to the dry friction term  
supplies important information:         
 
1.  on the macroscopic dynamics of the VT (the explicit form of the 

Vinen equation)         
2.   as well as on the microscopic processes describing the stochastic 

behavior of the whole vortex tangle.       

  Therefore experimental study of the described effect is extremely 
important for understanding of counterflowing quantum turbulence 



•     









Comparison 





Langevin and Fokker -Planck statement of the problem. 
Chaotic vortices in the thermal equilibrium 

•   The Langevin approach is a powerful method allowing the 
treatment of various types of statistical dynamics, ranging from 
thermal equilibrium to a fully non-equilibrium turbulent state. These 
options are achieved by properly choosing a random (stirring) force 
correlator.      

•  Although our workshop is devoted to quantum turbulence, I would 
like to attract attention to another case of chaotic vortices - namely 
vortex filaments in thermal equilibrium state. Particular importance of 
such a formulation gives the fact that it has a complete analytic 
solution. This allows us to understand the mechanisms of 
emergence and development of various structures in the chaotic set 
of vortex filaments, such as, for example, vortex bundles or 
anisotropy  







Rotating turbulence 

•   Rotating turbulence    We have described a number of effects that arise in the 
combined flow when rotation and quantum turbulence coexist (see subsection 
(<ref>rotating</ref>)). This topic has not been very much studied. As for numerical 
simulations, there is only result when the axial counterflow superimposed on the 
rotating vortex lattice (see <cite>Tsubota2003,Tsubota2004</cite>). To our 
knowledge the "opposite" case of the rotation of the pre-prepared QT has not been 
studied numerically. It is also of interest to explore the theoretical prediction on 
nonlinear period shift and the extra dissipation predicted by Eqs. (<ref>period shift</
ref>)-(<ref>exta dissipation</ref>). 



Instead of Summary 

•  So we made several proposals for experimental studies 
on dynamics of quantum turbulence based on theoretical 
models. 

•  It is understood that is not always the predicted 
theoretical predictions come true.  

•  I understand as well that not all will rush  to perform  the 
suggested proposal. 

•  Thus, this exposition can be regarded merely as a 
certain style of presentation of the theoretical results  



Thank  You ! 


