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Critical moments in Plume and Gravity Current Evolution
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Microphysical Interactions
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An Illustration of a Combined Experiment-Observation-Computational Approach:
Electrical Charging Mechanisms
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Aggregation and water adsorption

Particle Aggregation
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Telling and Dufek, GRL




Particle Laden Gravity Currents
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A Compressible Gas Phase Modulates the Dynamics of PDC in Several Ways

y This Talk:
g = - Hos 1. Recent model benchmark work
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Modelling PDC

Dilute, 1D models

-Turbulent, homogeneous flows (particles suspended
by turbulence)

-Front condition given by constant Froude number

Depth-averaged coulomb models
-Thin, concentrated flows
-Frictional interaction at the bed controls flow motion

Multiphase models

-Separate conservation equations for multiple
particle types

-Drag between the gas and particles transmits
momentum between phases




Mean Field Multifluid Equations
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Subscripts: * Using MFIX solver
R%ﬁm =L 9

m=1,2,3 (1 is gas phase and 2 and 3 are particle phases)
s,p=2 and 3 (particle phases)

i,j=1,2 (indices for spatial direction)



PELE Experiments — Validation in Dilute and Mixed Regimes

Boundary conditions

e not to scale

Tower
‘ Hoppet INSIDE | OUTSIDE |‘
A |
N |
R BN Y Instrumented flume |
S w "
=R -
w
=] Confined outrun Unconfined outrun |
E B =
= = | o
"~ Profile 4 Profile 5
+
|
4m » |
|
[
T L} I 1
168m 1Tm 178m 215m 35m

Lube et al,, 2015

Cerminara et al, 2018






Initial and boundary conditions: inlet conditions

Mass inflow boundary condition are derived from 25

experimental data:

1) Set a vertical velocity profile for the u (parallel
to slope) velocity component s

2

2) Set atemperature profile to gas and solid £
3) Used the Sauter mean diameter of 36 %_,, 1
microns. T o
4) Solid density = 2385.93 Kg/m?3
5) Grid resolution of 0.015 m 0
0 5 10
u (m/s)

Exp. 1 — PELE comparison, Exp. 2 — Hot, channelized flow Exp. 3 — Cold, unconfined  Exp. 4 — Hot, unconfined
channelized




Time: 9.20 s

log10(particle vol. concentration)
-7.0 -5.0 -3.0

o




12

e © © . m u " H
10 . e® ® o s " .
MFIX with Sauter mean diameter ¢ © . n " "
’é‘ 8 (6} .l.
v o m" PELE experiment
c 6 ..l.
s o®'m
k% 0®n
a °
4 ‘.l.
'I
2 |'.‘
.""
oe
0 2 4 6 8 10 12
Time (s)

* Flow front kinematics are better matched if the domain outside the channel is large enough to capture cross-
stream ambient air entrainment in the flow



Computing Entrainment

1.

Determine an isosurface of
volume fraction of particles
using a marching cubes
algorithm.

For each part of the surface
assign a normal vector and
area.

Interpolate the 3D gas
velocity field to the points
on the isosurface and
compute the dot product to
determine flux.

Normalize with Cross-
stream velocity.
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Local enfrainment/expansion coemclen’
-1.0 -0.5 0.0 0.5 1.0

oL X

Time: 5.00 s

10® Volume Fraction




Time: 4.04 s

Isosurface = 1 x 10°® Particle
Time: 4.04 s Volume Frac

E=.19

Isosurface = 1 x 10 Particle
Volume Frac

Values are E=.06
dependent on
selection of

volume fraction. Time: 4.04 s
Isosurface = 1 x 103 Particle

Volume Frac
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Passive Tracers give insight in to the entrainment mechanism

Passive Tracers
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Eruption of Tungurahua, Ecuador
Flow Transformation and Bed Interaction










Dufek, Annual Reviews of Fluid Mech, 2016
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Bed forms:
Tungurahua 2006 eruption, Ecuador
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Overspill Dynamics
a) Superelevation s
b) Splash
) Overspill
d) Cross Stream Flow ~—
e) Plume
f) Second Overspill
Plume generated by
overspill event
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Volume fraction Gradient Richardson number Gas temperature

-log (ap)

(All tick mark values are in 103 m)

Benage, Dufek and Mothes, 2015
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Entrainment Summary
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Microphysical interactions are not only important for conservation
relationships but may yield insight into detecting obscured physical processes.

Tiered geophysical benchmarking exercises have value in determining the
sensitivity of numerical approaches and understanding fundamental physics.

Entrainment coefficients are sensitive to choice of entraining surface and some
work needs to be done in transmitting this information in a dynamically
relevant way to simplified approaches.

Entrainment and mixing structure is particularly relevant to the thermal
structure of these currents.

Flow transformation (dilute-dense, etc), are common in the transport of PDC.
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