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I. Introduction
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Dispersal and accumulation of volcanic particles (tephra) can result in various hazards, 2500 . . Torminal velocitv of voleanic particles are measured with oy :
such as threat to aviation, damage to vegetation and crops, collapse of buildings, health | | 4 b N -
o . . . . . and without Parafilm wrap. Parafilm wrap covers the 3 L
problems. An accurate parameterization of particle sedimentation processes 1s needed in article pores and create a smooth surface on the particle 2
order to forecast both ash concentration in the atmosphere and ground accumulation. = bd . . . b S = =
- =d  cropped area..ré without significant change in the particle mass. Average . v
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Volcanic particles are typically highly irregular and porous. Existing parameterizations of @ with and without Parafilm wrap 1s 7.3 %. 0 e 80
associated settling velocity either approximate shape as spheres or require specific
morphological descriptions which are complex to quantify, e.g. particle surface area. ﬁ - : Benchmarking shape factors
Another critical issue that still needs to be investigated in detail 1s particle aggregation. Rpenn | e RS —— S
Aggregation of volcanic particles 1s a fundamental process which typically occurs in ash- TrElen G /Conmcﬁon . Wilson and Huang (1979) Cox (1927) dar’tlche eaquwa entf 1an;leter
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premature fallout of fine ashes. side view front view =~ > a:tl,n% the same volume as the
i - particle.
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I. Study the effect of shape and porosity on the terminal velocity of volcanic particles. * Vp(=upi+vpj+wpk)is the particle absolute velocity, v, is air velocity and 7 - L is the particle longest dimension.
I1. Find an easy to measure shape descriptor correlated to particle terminal velocity. denotes the time frame. - % I is longest dimension of the
. . . . . . . . = T cor. =-0.39 * o s :
III. Benchmark existing parameterization of particle terminal velocity for a wide range of explained variation=11% o | |explained variation=39% . article nerpendicular to I
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IV. Investigate mechanisms of particle aggregation in both dry and wet conditions. Wadell (1933 o perpendicular to both L and I.
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PTV code. Calculates various aerodynamical - Measured by image processing on
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Volcanic particles are typically irregular and selocit ) of t(heg CUshe r;gde i orrttals G s (e 03 _ . . 52 particle projection 1mages and 12
porous. This figure represents a 3D model of a o SUSPE b . . l z equal to 4z (area) / (perimeter)”.
. . . section by analyzing videos recorded with a high 07 -
volcanic particle obtained by a 3D-scanner. . . . T S Real sphericity
speed camera, particle geophysical properties Y el A ) .
and data logged by temperature, pressure and T = exp'laineél variation= 43% ’ . ) explained variation= 48% e | Measured by d 3D-Scanner and 1S
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Filters. Applied to exclude frames where Ui

IL Vertical wind t I 1. Particle relative acceleration was greater than 0.3 | ESea P Benchmarking models
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0.05 g, n order to measure particle relative 0.2F | B Model Estimated terminal velocity error %
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Mean
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Partlcl.e was near (distance between particle Clift and Guavin (1971) 2 1 603 708
= cent.r01d .and walls < 4 c.m) walls of the test Relative velocity, v, (= v;- vp), of Wilson and Huang (1979) 3.4 40.0 28.3
Guiding diffuser section, in order to eliminate effects of wall iy fsgg erical p(?rtlde Wfltlh 8(121ameter Haider and Levenspiel (1989) 4.0 46.0 27.0
Bypass channel Guides the air flow from the divergence on particle Suspension © it and mass o < 8T G 1993 1.5 46.3 271
Control the flow rate and outlet to the fan inlet and reduces the flow ) anscr ( ) ) ’ ’
speed inside the divergence. turbulence.
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Fan
SRR ) Divexgmgitescsection’ = Our measurements on the drag coefficient, C,, of spherical and cylindrical particles * The wind tunnel performance and its calibration along with the PTV code can be used to
Speeds 2935 RPN The diverging test section is bi-dimensional . ] ] ] . . . . .
Flow rate: 21730[m3/h] and opens with a total angle of 6° (3° on are 1n close agreement with previous studies (Re 1s particle Reynolds number). produce reliable and accurate measurement on the drag coefficient of particles of
Nominal power: 15 kW each side) with two 10 mm thick plexiglass .
walls at back and front, and two side walls various Sha‘DGS.
made of wood. Height of the test section is 0.7 1.5 o . . .
2.7 m with minimum cross-section area of correlation of Clift and Gauvin (1971) Wieselsberger (1922) L/d= e Velocities between 5 and 27 ms?! can be obtamed, which Correspond to setthng
Plenum 0.31 > 0.30 m at bottom which increases to fit range of model of Clift and Gauvin (1971) L4 Fleeaa Wieselsberger (1922) L/d =5 .« . . . . . . .
Provides a homogeneous 0.59 x 0.30 m at the top. Christiansen and Barker (1965) | > Christiansen and Barker (1965) velocities of typical volcanic particles with diameters between 10 and 40 mm (density

1.3 X Isaacs and Thodos (1967)

environment to distribute the air experiments reported by Schlichting (1968)

flow between different sides of experiments by Achenbach (1972) 1ok ®  Present work between 500 kgm'3 and 2700 kg M'3).
the contraction cone, uniformly Contraction cone Present work - . . . . . . .
and equally. T R —— L1 * Unlike spherical particles, effect of porosity on terminal velocity of non-spherical
produces a uniform velocity profile. Ratio of 1.0 . 1 . 1 1 bl
Heater the area at the contractor inlet to its area at ' p article 1s almost neg lgl C.
the outlet (contraction ratio) is 6.25. . . . . .
S — * A new easy to calculate shape factor 1s defined which has the highest correlation with
Reduce the instabilities inside the ‘ ggig)lﬁgl’;}rll:ulence el Stighien the partiCIC drag CoefﬁCient.
plenum and results in a steady flow in . . . . . .
the divergence. ‘ the flow. * Terminal velocity of non-spherical particles can be explained better with a range of

velocities 1nstead of a single value.

* In case of non-spherical particles, estimation of all models on particle terminal velocity
Spherical particles Cylindrical particles have about 30% error.




