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The Eulerian-Lagrangian and Eulerian-Eulerian methods combination for
numerical modeling of the particle laden density current
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ARTICLE INFORMATION ABSTRACT
Original Research Paper Density currents flow due to the density difference between the current and surrounding environment.
Received 13 November 2017 An important category of density currents is called turbidity currents, which density difference created

Accepted 29 December 2017

Available Online 19 January 2018 as a result of suspended solid particle presence in fluid. In the present study, it is tried to use both

Eulerian-Eulerian and Eulerian-Lagrangian methods, to take advantage of each one. In this way, the

larger particle that have a more effective role in sedimentation mechanism due to the more falling

éﬁm‘n’ﬂ‘ﬁ,s gravity current velocity are calculated as Lagrangian and smaller particles by the Eulerian method. In order to obtain a

Eulerian-Eulerian method criterion for particle assortment, seven currents with different particle sizes in the Eulerian-Eulerian

Eulerian-Lagrangian method model have been numerically simulated in a simple channel and it is compared with no particle case,

LartgelEddy Simulation and also the Eulerian-Eulerian method has been verified with experimental results and identified when

particie the particle sizes is less than 12 micron, the sedimentation process is not appreciable, and the presence
effect of these kind of particle can be ignored. Therefore, the Eulerian-Eulerian method is a suitable
method for this case. The Eulerian-Lagrangian method validation has been performed with experimental
results. Finally, the current inside the channel with a spectrum of particle dimensions is simulated and
described the results by the proposed method (the combination of two methods). To perform numerical
simulations, the development of open-source OpenFOAM codes has been used to take into account the
effect of particle. Due to the current’s turbulence, a Large Eddy Simulation method has been used for
turbulent modeling.
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Fig. 1 The general form of the channel geometry of Eulerian-Eulerian problem
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Fig. 5 The general figure of streams containing particles with different
diameters and no particle is simulated in 20 seconds using the Eulerian-
Eulerian method. (a) no particle (b) 5 micron diameter (c) 12 micron
diameter (d) 20 micron diameter (e) 30 micron diameter (f) 40 micron
diameter (g) 50 micron diameter (h) 100 micron diameter
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Fig. 6 Suspended particles load in currents containing particles with
different diameters and no particle
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Fig. 13 The first images refer to particles smaller than 12 microns,
which are solved by the Eulerian-Eulerian method. Second and third
images relate to larger particles simulated by the Eulerian-Lagrangian
method. In the second picture, the dimensions of the same particles are
displayed and their color shows the age and the third image is related to
their dimensions. (a) 1 second (b) 10 second (c) 20 second (d) 30
second
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Fig. 14 An image of the input that indicates that larger particles are
deposited slightly at the entrance
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Fig. 15 Match the particle deposition pattern larger than 100 microns
in the Eulerian-Eulerian and Eulerian-Lagrangian methods.
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