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Abstract 

Thermal conductivity, shear viscosity, and bulk viscosity of normal liquid 4He at 1.7-4.0 K are calculated using path 

integral centroid molecular dynamics (CMD) simulations.  The calculated thermal conductivity and shear viscosity above 

lambda transition temperature are on the same order of magnitude as experimental values, while the agreement of shear 

viscosity is better.  Above 2.3 K the CMD well reproduces the temperature dependences of isochoric shear viscosity and 

of the time integral of the energy current and off-diagonal stress tensor correlation functions.  The calculated bulk 

viscosity, not known in experiments, is several times larger than shear viscosity.  
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1. Introduction 

For many decades liquid 4He has attracted extensive attention especially regarding the superfluid state into which it 

changes the phase at the lambda transition temperature T , where T =2.17 K at saturated vapor pressure (SVP) [1-3].  

Observed superfluidity such as the divergence of thermal conductivity and the remarkable decrease of viscosity is caused 

by large quantum dispersion of atoms, weakness in interatomic interaction, and atomic exchange effect due to Bose 

statistics.  Superfluidity is explained in term of, for instance, Landau’s two-fluid theory [4] where liquid 4He below T  is 

considered as a mixture of two components, i.e. normal fluid with nonzero viscosity and superfluid with zero viscosity, 

and the fraction of the superfluid component increases from zero at T  with decreasing temperature [1]. 
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