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The study of particle-laden turbulence has seen renewed attention and advance-
ments in the past decade1. In statistically stationary flows, analytically derived re-
sponse functions relate the energy of inertial particles to that of the surrounding
fluid on a modal level2. However, in non-stationary flows, the models fall short. In
this contribution, we use the particle proper orthogonal decomposition (PPOD)3,
and compute the Lagrangian spectrum of the carrier- and dispersed phase in a POD
frame of reference. In particle-laden decaying homogeneous isotropic turbulence, the
PPOD-based Lagrangian spectra of the two phases are related through simple ana-
lytic response functions (Figure 1) dependent on the Stokes number. The response
functions are found to resemble those derived for stationary flows using the Fourier
decomposition. The results suggest that PPOD-based response functions are a gen-
eralization of Fourier-based response functions. Significantly, the PPOD approach to
response functions may appropriately be applied for the analysis of both stationary
and non-stationary flows, whereas the Fourier approach is limited to statistically sta-
tionary systems4. The PPOD approach therefore offers potential insights of energy
relations in a wide range of complex flows.

Figure 1: Response function relating the PPOD-based Lagrangian spectrum of inertial
particles to the corresponding spectrum of the fluid at particle position. The solid line
represents the analytic fit to the empirically evaluated response function (markers).
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