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Energy flux in non-equilibrium energy spectra in steady turbu-
lence KIYOSI HORIUTI, KENSAKU SAITOU, Tokyo Institute of Technology —
The energy spectrum E(k) and energy flux function Π(k) in non-equilibrium state
are obtained using the spectral energy equation based on the Kovasznay, Leith dif-
fusion and Heisenberg hypothesis. The derived models are assessed using the DNS
data for forced homogeneous isotropic turbulence. Three different forcing schemes
are used and compared. In all these forcing schemes, the base spectrum obeys the
Kolmogorov law E(k) ∝ k−5/3, and Π(k) = const, but the temporal development
of the the deviatoric spectrum and flux is divided into the three phases. In the
period in which dε/dt ≡ ε̇ > 0, E(k) ∝ k−7/3 and Π(k) ∝ k−2/3 in the inertial
subrange (Phase 1), while E(k) ∝ −k−7/3 and Π(k) ∝ −k−2/3 when ε̇ < 0 (Phase
2), where ε is the dissipation rate. In the transient period between Phase 1 and
Phase 2, ε̇ ≈ 0 and ε̈ is large, and E(k) ∝ k−9/3 and Π(k) ∝ k−4/3 (Phase T). On
average, the deviatric spectrum induces the forward scatter of the energy into the
small scale in Phase 1, and the backward scatter of the small scale energy into the
large scale in Phase 2. These results are overall consistent with the prediction ob-
tained using the closure models, but the eddy-viscosity Heisenberg model does not
yields E(k) ∝ k−9/3 in Phase T. Due to the effect of the intermittency, the energy
spectrum and flux exhibit a slight deviation in the exponents.
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