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The liquid helium below the lambda transition temperature (also called Helium II) presents many intri-
guing properties [3]. The present study focuses on the effect of the mutual friction to the scale-by-scale
energy budget (or, energy cascade) in the quantum turbulence by using direct numerical simulation
(DNS) of the two-fluid HVBK (Hall-Vinen-Bekarevich-Kalat) model, which is a self-consistent models
to study the superfluid turbulence at macroscopic scales [4, 5]. We solved numerically the system of
incompressible HVBK equations using Fourier pseudo-spectral methods. Direct numerical simulations
were performed by adapting a Navier-Stokes code that proved efficient and accurate in computing
high-order statistics of turbulent flows [2]. Periodic boundary conditions are applied to a computatio-
nal box of length 2π. Grid resolution was 5123, which was sufficient to reach a moderate Reλ = 100,
based on Taylor’s microscale. To achieve a quasi-stationary homogeneous isotropic turbulence, an ad-
ditional forcing term was added in the momentum equations of at large scales. To statistically describe
the scale-by-scale energy exchanges, we use the same method as in [1] to derive transport equations
for the second-order structure functions from the incompressible HVBK equations, which account
for the contribution of the mutual friction term. By analyse the numerical results we found that for
high temperatures (ρn/ρs = 10), the normal fluid dominates. The dynamics is similar to the classical
turbulence. A classical ’4/3-rds law’ emerges in the inertial range. The mutual friction term and the
inertial term have opposed signs in the superfluid. They nearly balance each other for all scales, thus
suggesting the mutual friction term acts as a source sinking, with the same scaling as the inertial
term. For low temperatures (ρn/ρs = 0.1), the superfluid, dominant over the normal fluid, is unable to
efficiently dissipate the injected energy. Therefore, the energy must go the traditional way through the
energy cascade and eventually be dissipated in the superfluid by the artificial viscosity introduced in
the model, which makes the superfluid turbulence behaves nearly as classical turbulence. In summary,
the mutual friction force represents a bridge for the energy exchange between the two fluids, it does
not modify the scaling law of the inertial term. Instead, it follows the scaling law of the inertial term.
As a consequence, the HVBK model offers a reliable framework for studying superfluid turbulence,
with a key account of the energy transfer rate through the mutual friction.
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