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Background and motivation

* Particles in turbulent flows Pulp processing in papermaking

» Seen in many shapes and sizes in nature and industry

* Previous studies (Voth & Soldati, 2017; Brandt & Coletti, Annu. Rev. Fluid
Mech. 2021) often use one or more of the following assumptions:

e small (c K n)

* isotropic (spherical)

» dilute (one-way coupling)
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Goal of the work

* We investigate particles which are:
* finite size (n < ¢ < L)
* in non-dilute conditions (two-way coupling)

* We study the turbulence modulation by isotropic and anisotropic particles

How does particle isotropy affect the modulation of the turbulent flow?
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* N rigid spheres with diameter c
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* Homogeneous isotropic turbulence (HIT)
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* We fit power law functions E = Ali—ﬁ to the spectra

1_1]“ g I“l‘lilill -H = I.if}i
= The flows with spheres retain the kolmogorov scaling
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2 As the fibre mass fraction increases, the magnitude of the /ﬁh{*r&;
exponent B reduces 10~k — T
E ""«
2 This is because the fibres reduce the spatial correlation of the | g T
10—k .

two point velocity difference 6u.

= Dimensional analysis gives us a relation between the energy
spectrum and the velocity difference:
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Fluid-solid coupling
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Conclusions

* We have focused on the modulation of turbulence due to finite-size particles,
and, in particular, on the effect of their isotropy. We found:

—The isotropic and anisotropic particles have a similar macroscopic effect on the flow (i.e., decrease
of Re;)

—lIsotropic particles act on the fluid at the length scale of their diameter. At smaller scales, the
classical Kolmogorov cascade is unperturbed

—>Anisotropic particles act on the fluid at a range of lengthscales, decorrelating the flow, and
introducing a new scaling behaviour in the inertial range

Please send any comments
or questions to
ianto.cannon@oist.jp

Thank you!

Olivieri, S., Cannon, I. & Rosti, M. E. (2022). The effect of particle anisotropy on the modulation of turbulent flows (under review)
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