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Some features of superfluid helium-4

@ Below 2.17K flows without resistance (superfluidity)
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Some features of superfluid helium-4

@ Below 2.17K flows without resistance (superfluidity)

<07
1.2x107m
12t
10}-
"o 7.9%07 m
e o
S
£
- r
&
g
)
3.9x10m
s
|
2] I 1 S L
¢ W 8 12 16

Pressure head (N m™7)

e Temperature gradient = flow (without Vp)



Two-component model of superfluid helium-4 Geometric mechanics A geometric one-fluid model
00000 000000 0000000000

Some features of superfluid helium-4

@ Below 2.17K flows without resistance (superfluidity)
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e Temperature gradient = flow (without Vp)
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Hall-Vinen-Bekarevich-Khalatnikov (HVBK) two-fluid model
OV + vy - Vv, = —Vp, + v,Av, + %Fns
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Problems

@ If two fluids, how to separate? Only one kind of atoms.
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Problems

@ If two fluids, how to separate? Only one kind of atoms.

@ Reversible (mechanical) part of F,s with unknown coefficient B’?
OtVs + Vs - Vvg = — Vol 1T — %Fns
1 1
F,,5:§Bw><(w><c)+§Bw><c
o Why V.-vg =0=V-v,?

Otp ==V - (pv), potv = —Vp = 0:0:p ~ Ap
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Hamiltonian mechanics from action
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Why Poisson brackets?

@ Skew-symmetry = energy is conserved
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Why Poisson brackets?

@ Skew-symmetry = energy is conserved
B -fF.E}Y—<dE El—0

@ Leibniz rule = energy is determined up to a constant
x I Ercl—1Ix El

@ Jacobi identity = L4L =0
= Self-consistency of Hamiltonian mechanics
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e momentum density: u? = [ pfP(r,p)dp
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Energy of phonons

e energy density: &” = [ c|p|fP(r,p)dp
e momentum density: u? = [ pfP(r,p)dp
@ hydrodynamic entropy density:
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@ Hydrodynamic energy éP ~ € + 5
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Energy of mass motion and phonons by Galilean transformation
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Energy of mass motion and phonons by Galilean transformation
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o E=IMv?=IM(V +V)?2=FE+p -V+3IMV?
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@ As p, — p at high T
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Energy of mass motion and phonons by Galilean transformation
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Energy of vorticity
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Energy of vorticity
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Energy of vorticity
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Dissipative processes

@ Gradient dynamics, energy conservation, entropy production:
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Dissipative processes

@ Gradient dynamics, energy conservation, entropy production:
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Comparison with HVBK

@ Superfluid velocity equation:
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e Extra terms in the equations
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Hamiltonian mechanics gives motion of superfluids with vortices

@ Problems in superfluid helium-4 dynamics:
e Several fitting parameters
e V-v,=0=V-v,
e Two-fluid models without two fluids

@ Hamiltonian mechanics
e Reduces the number of fitting parameters
e Extra terms in the equations
e Only one fluid

e Future

e Vortex line density
o Numerical schemes
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