Two-way coupling between superfluid and normal fluid components
in thermal counterflows of superfluid “He
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ABSTRACT

An inviscid fluid flow of *He realizes below 2.17 K, and the superfluid “He consists of the inviscid
superfluid and viscous normal fluid components. The superfluidity is caused by Bose-Einstein
condensation, and thus the superfluid vortex is quantized.

In a duct flow filled with the superfluid “He connected to a large helium bath, when the duct end
opposed to the helium bath is heated, the normal fluid flow goes to the helium bath and the superfluid
flow moves to the heated end to satisfy the total mass conservation. This experimental setup is termed
as a thermal counterflow. As increasing a heat flux at the heated end, a relative velocity of the two
fluids increases and mutual friction emerges in the thermal counterflow [1]. The mutual friction is due
to the tangle of the quantized vortex in the superfluid flow, namely, quantum turbulence.

The tangle structure of the vortex lines was numerically demonstrated by using the vortex filament
method (VFM) in a computational box under the periodic boundary condition [2,3]. The vortex
filament is composed of vortex line elements connected by vortex points, and the superfluid velocity
induced by the vortex line elements is computed by Biot-Savart law. A solid boundary effect was
considered in square duct flows [4]. In the simulations, although velocity profiles of the normal fluid
flows were prescribed as parabolic and tail-flattened, vortex line density distributions become bimodal
in the wall-normal direction. On the other hand, the experimental visualization exhibited the
modulation of the normal fluid velocity distribution like a tail-flattened flow [5].

Recently, the VFM for the superfluid and Navier-Stokes equations for the normal fluid were fully two-
way coupled by the mutual friction and it was found that the vortex line density strength and its non-
uniform distribution quite affect the velocity profiles of the two fluids [6]. In the presentation, we show
the coupling method and the effect of the mutual friction on the two-fluid distributions in detail.
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