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It has been experimentally shown that helium is modeled as superfluid helium consisting of two
fluids, namely, a superfluid with zero viscosity and a normal fluid with viscosity, at cryogenic
temperatures. When a rectangular duct is filled with superfluid helium and one side of the
rectangular duct is heated, the normal fluid flows from the heated side to the other side, and the
superfluid flows in the reverse direction. Such a flow is termed as the thermal counter flow and has
been experimented in the 1940's. Recently, it became possible to visualize the velocity distribution
of the normal fluid, and it turns out that unlike the parabolic Poiseuille flow normally seen at a slow
flow rate, the flow became the so-called tail-flattened flow, namely, the central part rises but the
near-wall part is flattened.
In order to elucidate the phenomenon by numerical simulation, so far, only vortex tangle state of
the superfluid, that is, quantum turbulence phenomenon has been studied when the velocity
distribution of the normal fluid is fixed with Poiseuille flow distribution or uniform distribution.
However, as clarified in recent visualized experiments, it was found that the velocity distribution of
the normal fluid becomes the tail-flattened distribution that is not normally observed. Therefore, it
was revealed that it is necessary to calculate the two fluid coupling in which the flow field varies
through a mutual friction without fixing the movement of the normal fluid.
The purpose of this research is to clarify the velocity distribution of a normal fluid interacting with
quantum turbulence in superfluid helium realized at cryogenic temperature by numerical
simulation.
In this study, we developed a simultaneous coupling solution for computation of quantum
turbulence to calculate the movement of a point vortex and computation of a fluid in a fixed
coordinate system. As a result, it was found for the first time that the velocity distribution of the
normal fluid is flattened by the strong interaction when the velocity of the superfluid increases and
becomes the state of quantum turbulence. The results clearly reproduce phenomena seen in
visualized experiments.
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Numerical simulation of normal fluid in superfluid helium
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It has been experimentally shown that helium is modeled as superfluid helium consisting of two fluids, namely, a superfluid with zero
viscosity and a normal fluid with viscosity, at cryogenic temperatures. When a rectangular duct is filled with superfluid helium and one
side of the rectangular duct is heated, the normal fluid flows from the heated side to the other side, and the superfluid flows in the
reverse direction. Such a flow is termed as the thermal counter flow and has been experimented in the 1940’s. Recently, it became
possible to visualize the velocity distribution of the normal fluid, and it turns out that unlike the parabolic Poiseuille flow normally seen
at a slow flow rate, the flow became the so—called tail-flattened flow, namely, the central part rises but the near—wall part is flattened.

In order to elucidate the phenomenon by numerical simulation, so far, only vortex tangle state of the superfluid, that is, quantum
turbulence phenomenon has been studied when the velocity distribution of the normal fluid is fixed with Poiseuille flow distribution or
uniform distribution. However, as clarified in recent visualized experiments, it was found that the velocity distribution of the normal
fluid becomes the tail-flattened distribution that is not normally observed. Therefore, it was revealed that it is necessary to calculate
the two fluid coupling in which the flow field varies through a mutual friction without fixing the movement of the normal fluid.

The purpose of this research is to clarify the velocity distribution of a normal fluid interacting with quantum turbulence in superfluid
helium realized at cryogenic temperature by numerical simulation.

In this study, we developed a simultaneous coupling solution for computation of quantum turbulence to calculate the movement of a
point vortex and computation of a fluid in a fixed coordinate system. As a result, it was found for the first time that the velocity
distribution of the normal fluid is flattened by the strong interaction when the velocity of the superfluid increases and becomes the
state of quantum turbulence. The results clearly reproduce phenomena seen in visualized experiments.
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