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Numerical Study on Characteristics of Flying Debris in Tornado
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Synopsis

In order to evaluate the impact of missiles caused by tornado, a study on the velocity

prediction of flying debris in a tornado-like vortex was carried out by numerical

simulation. A series of unsteady flow fields of a tornado-like vortex was generated by

Large Eddy Simulation. The aerodynamics of debris was examined and the range of

aerodynamic parameters of debris resulting building damage was investigated. The

trajectories of flying debris and the statistical distributions of the maximum speed of

debris were obtained in various conditions i.e. the release height and the aerodynamic

parameter of debris, the maximum tangential wind speed, the radius of maximum

tangential wind speed and the traveling speed of tornado. Relation between the

maximum ground speed of debris and the maximum wind and traveling speed of tornado

was obtained as a function of aecrodynamic parameter of debris.
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Fig. 1 Outline of tornado simulator
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Fig. 2 Coordinate system and mesh discretization of
calculation region
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Fig. 3 Boundary conditions on inlet boundary of
conversion region and generated vortex
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Table 1 Specification of tornado simulator

W L H O, R, ; 0.05m
O, R, 3 0.6m
X T OB 0, R, i 0.15m
WA DNE, D 7 1.2m
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g oE s, H, 7 0.2m
N L H R, W, i 1.0m/s
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Fig. 4 Distributions of velocity and pressure field of single core two cell type shown in Figure 3 in a vertical

plane.

— 250 —



1 ﬁ—y—v—y—v*
Wl [ 4/ N | Z/Hu
L : ‘ | —0—05
0.6 4N gL w —O— 10
0.4 N . S jl 20
: § § ; @ 0 K
0.2 Af-oee . b T — B B
0 0‘ ‘ ‘ ‘ q T X R

Fig. 5 Variation of tangential wind speed distribution
along axial direction with height
Uy: tangential wind speed, U,,,, maximum tangential
wind speed, Z: height, Hyy.,: height where the
maximum tangential wind speed occures
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Fig. 6 Coordinate system and definition of wind
velocity and velocity of flying debris
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Table 2 Aerodynamic parameters Cp4/m and T,Cp of object which can be a flying debris in tornado

Wik S e BT G, G G, EE Cpd/m T,C Y
zm) y(m x(m) 2 FD #2 m(kg) (mkg)
NoYS 0.04 0.09 2.00 1.2 1.2 20 3.6 0.030 12
AR 0.10 0.10 0.10 2.0 2.0 2.0 0.5 0.040 16
el 0.10 0.10 0.10 20 20 2.0 3.0 0.007 3
N 0.01 0.01 0.01 20 20 20 0.003 0.067 27
i 0.01 0.30 0.30 20 1.2 1.2 2.7 0.023 9
W& 1.80 0.90 1.50 20 20 2.0 120 0.032 13
EL48i 0.80 0.25 0.30 20 20 2.0 10 0.034 14
R 3.10 1.60 1.30 2.0 2.0 2.0 1430 0.005 2
N4 5.00 1.90 1.30 20 20 2.0 4750 0.003 1
TUNTINE (22) 1.85 1.85  2.60 20 20 2.0 460 0.019 8
JIE 0.20 210 11.00 20 1.2 1.2 680 0.024 10
NP A V2 0.05 1.00 1.20 20 12 1.2 14.5 0.058 24
BT 1.00 0.05 0.05 20 0.7 0.7 4.2 0.006 2
BT 2.00 0.05 0.05 20 0.7 0.7 8.4 0.006 2
K5 L 0.90 0.60 0.60 20 0.7 0.7 24 0.021 8
Ao =Y 3.66 0.29  0.09 20 1.2 1.2 14.3 0.040 16
SR 5.00 2.00 1.30 2.0 2.0 2.0 1810 0.007 3
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Fig. 7 Release points of debris
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Table 3 Fujita scale and its accompanied parameters

T VB R r— )L Hoe K JRH Tl e KB I 2
Upmax  (M/S) U, (m/s) R, (m)
FO ~32(KI 157> [H] D 1)) 5 32~38
Fl 33~49GKI10FD ] D - 54) 9 34~47
F2 50~69(KI7F) [ D - 2J) 12 38~59
F3 70~92(KI5FD [ D - 2)) 14 59~100
Table 4 Maximum tangential speed Uy, fot Fujita scale
TUH AT — v U i (m0/5)
FO ~18
F1 16~27
F2 25~38
F3 37~52
Table 5 Characteristic values of tornado for simulation
A B fie R Bf SR o oo KRR B PR
U . (11/8) U, (m/s) Ry (M)
F1 25 10 30~40
F2 35 10~15 40~50
F3 40~50 15 50~70
ANSI/ANSZ: 23~75 11~31 56~165
Table 6 Parameters for simulation
I8 fie KB B oo KA G 2% BB
UtmaX (l’l’l/S) Rtmax (m) Utr (l’l’l/S)
25,35,40,50,60,80 30,40,50,60,70 10,15,25,35

WiR O i P

VA /Rtmax

<

it D [alHE 7 )

) %Direction of moving

X/ .Rtmax

k%%&@iﬁ#ﬁ?% Rtmax

Fig. 8 An example of flying debris’ simulation (plotted on the coordinate fixed to the vortex)
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