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Direct simulation of turbulent entrainment in gravity currents
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Gravity currents are a regular occurance in nature, e.g. katabatic winds, dense downslope releases
in the ocean, pyroclastic flows and exchange flows between spaces of differing temperatures. A
gravity current exert a shear on the ambient fluid which consequently leads to turbulence production
and mixing, causing ambient fluid to be entrained. Simultaneously, the fluid stratification suppresses
mixing, leading to an entrainment relation of the entrainment coeffient E that depends on the Richarson
number Ri. Turbulent entrainment was first studied using laboratory experiments by Ellison and Turner
[1], leading to an empirical entrainment law E = (0.08− 0.1Ri)/(1 + 5Ri) [2, 3].
In order to understand the physics of this empirical entrainment law in more detail, we perform Di-
rect Numerical Simulation (DNS) of a gravity current on a sloped surface. Various slope angles are
considered, and the effect of boundaries is examined by performing simulation with free-slip and no-
slip boundary conditions. The DNS provides access to all quantities of interest and allows us to
decompose E into contributions due to turbulence, buoyancy and friction using the recently developed
momentum-energy framework [4]. We find that for simulations with no-slip conditions, the inner layer
(region from the wall to the maximum velocity) interacts very weakly with the outer layer flow due to
turbulence production being zero on the velocity maximum. The outer layer quickly exhibits self-similar
scaling, but the integral quantities are affected by the inner layer behaviour.
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