
Mechanocaloric and Thermomechanical Effects [tln34]

Helium II is a mixture of normal fluid and superfluid 4He. The superfluid
has no viscosity and no entropy.

Consider two vessels A and B with rigid insulating walls, separated by a
porous material that allows unimpeded superfluid flow but prevents any
normal-fluid flow.

The thermal equilibrium of such a system is characterized by the following
relations between intensive variables:

TA 6= TB, pA 6= pB, µA(TA, pA) = µB(TB, pB).

Consider situations in which system B is large compared to system A.

Any process in which a change of pA or TA is forced in the smaller system
must then satisfy µA(TA, pA) = µB(TB, pB) = const i.e. dµA = 0.

Gibbs-Duhem equation: SAdTA − VAdpA +NAdµA = 0.
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Mechanocaloric effect:

Pouring helium II into system A increases the pressure pA and causes a super-
fluid flow through the porous material into system B to maintain chemical
equilibrium dµA = 0. The fraction of normal fluid in B increases. The
temperature TA rises.

Thermomechanical effect:

Heating up helium II in system A increases the temperature TA and causes
a superfluid flow of superfluid flow into system A to maintain chemical equi-
librium dµA = 0. The pressure pa rises and may start a fountain.
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