
Daniel Duda  Visualization of selected flows of superfluid helium  

using solid hydrogen tracer particles 

5 

Thesis title: Visualization of selected flows of superfluid helium using solid hydrogen 

tracer particles 

Author: Bc. Daniel Duda  

Department: Department of Low Temperature Physics, 

Supervisor: prof. RNDr. Ladislav Skrbek, DrSc, Department of Low Temperature 

Physics, Faculty of Mathematics and Physics, Charles University in Prague.  

Consultant: Dr. Marco La Mantia, PhD. 

Abstract: Quantum turbulence generated in thermal counterflow of He II is studied 

experimentally by visualization. The statistical properties of the motion of micron 

size solid deuterium particles are studied by using the particle tracking velocimetry 

technique at length scales comparable to the mean distance between quantized vorti-

ces. The probability density function (PDF) of the longitudinal velocity displays two 

peaks that correspond to two velocity fields of the two-fluid description of He II. The 

PDF of the transversal velocity displays a classical-like Gaussian core with non-

classical power-law tails, confirming the quantum nature of turbulence in counter-

flowing He II. The distribution of the particle acceleration is found to be similar in 

shape to the classical one, in the range of investigated parameters. The observed de-

pendencies of the average amplitude of the particle acceleration on the temperature 

and on the applied heat flux that generates the counterflow under study, are ex-

plained semi-quantitatively based on the quantum mechanical description of He II, by 

taking into account the ratio between viscous drag force of the normal component of 

He II and the Bernoulli pressure gradient force of superfluid component near the 

quantized vortices. Flow visualization is shown to be a valuable tool to study quan-

tum turbulence and further investigations are under way. To this end, preliminary 

results on thermal counterflow past a cylinder are also discussed. 
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