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Second-Moment Closure Modelling of Particle-Laden Homogeneous
Turbulent Shear Flows
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Abstract

A second-moment closure is applied to the prediction of a homogeneous turbulent shear flow laden
with mono-size particles. The closure is carried out based on a ‘two-fluid' methodology in which both
carrier and dispersed phases are considered in the Eulerian frame. To reduce the number of coupled
differential equations to be solved, Reynolds stress transport equations and algebraic stress models are
judiciously combined to obtain the Reynolds stress of carrier and dispersed phases in the mean
momentum equation. That is, the Reynolds stress components for carrier and dispersed phases are
solved by modelled transport equations, but the fluid-particle velocity covariance tensors are treated by
the algebraic models. The present predictions for all the components of Reynolds stresses are compared
to the DNS data. Reasonable agreements are observed in all the components, and the effects of the
coupling of carrier and dispersed phases are properly captured in every aspects.
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Table 1 Model constants for pressure-velocity gradient
correlation
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Table 2 Model constants for carrier phase turbulent
kinetic energy dissipation rate equation
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Fig. 5 Time evolutions of the fluid turbulent kinetic
energy and rate of dissipation
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Fig. 6 Time evolutions of the production and drag
dissipation terms appearing in the particle
kinetic energy equation
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