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Velocity Estimation of Flying Debrisin Tornado Occurred in Tsukuba-city on May 6, 2012

A AR

Takashi MARUYAMA

Synopsis
The characteristics of flying debris in the tornado occurred in Tsukuba-city on May 6,
2012 was numerically investigated. The trajectories of flying debris were calculated
using numerically generated unsteady turbulent wind fields of tornado-like vortex. The
ground speeds of flying debris were obtained with the variety of the strength, the scale
and the moving speed of tornado measured from the visual records such as videos or
photos. The calculated maximum ground speeds of debris show good accordance with

the measured val ues.
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Fig. 1 Outline of numerical tornado simulator
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Fig. 2 Coordinate system and calculation grid
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Fig. 3 Boundary condition of convergence region

Table 1 Dimension of calculation region
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Fig. 4 Comparison of azimuthally averaged mean values
of tangential speed V;

Vim: maximum tangential speed of each height, Rim :
maximum tangential speed radius, Vimax : maximum
value of Vi, Himax @ height where Vimax iS observed,
experimental observed datais from Kuai et al., 2008
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Fig. 5 Flow characteristics of tornado like vortex which was use for the calculation of flying debris.

All plots are shown the azimuthally averaged mean values. AP : pressure difference from the averaged
surrounding pressure, Vi, Maximum value of tangential speed, R : distance from the center of vortex, Rimax :
maximum tangential speed radius, pressure is normalized by pVima /2, Where p is the density.
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Fig. 6 Coordinate system and velocity of flying debris
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Table 2 Aerodynamic parameters of flying debris
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Fig. 9 Variation of distribution of maximum horizontal speed U qmax (M/s) of flying debris with release height
CoA/M=0.07(m%/Kg), Vima= 80(M/S), Rimax=30(M), Vi = 35(m/s)

140 4 z(m) 140 4 z(m)
CpA/m=0.007 Release height 40m CpA/m=0.04 ——_ _Release height 40m
‘V’ X
2 50 40~ R ‘
—-180 —90 A oA 90 180 y(m) —180 —90 A 0 90 180 y
tmax tmax — Altmax tmax

Fig. 10 Variation of distribution of maximum horizontal speed U,gma (M/s) of flying debris with Co,A/m
Release height 40m, Vima= 80(mM/s), Rina= 30(m), Vi = 35(m/s)
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Fig. 11 Variation of distribution of maximum horizontal speed U,gmax (M/s) of flying debris with Vima
CoA/m=0.07(m?/kg), release height 40m, Rima=30(M), Vi = 35(m/s)
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Fig. 12 Variation of distribution of maximum horizontal speed U,gmax (M/s) of flying debris with V;,
CpA/m=0.07(m%kg), release height 10m, Rymax= 30(M), Vimax= 80(M/s)

— 357 —



140 4 z(m)

Rimax=20m Release height 5m

g

- Rtmax Rtmax

160 y (m)

—18 -9 90 180 y

0 0
- Rtmax Rtmax

Fig. 13 Variation of distribution of maximum horizontal speed U,gmay (M/s) of flying debris with Ry
CoA/m=0.07(m?/kg), release height 5m, Vi =35(M/s), Vimax= 80(M/s)

Table 3 Maximum values of momentum and kinetic energy of flying debris

Body Aerodynamic parameter Ground speed  Mass Momentum Energy
CpA/ m (m¥kg) (m/s) (kg) (kgm/s) (kJ)
Stone 0.007 72 3 216 156
Timber 0.04 103 0.18 19 1.9
Gravel 0.067 112 0.003 0.3 0.04
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