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Fig. 1 Laboratory tornado simulator
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Fig. 2 Configuration of numerical tornado simulator
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Fig. 3 Variation of wind fields with the width of convection region
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non-slip boundary condition
free boundary condition
Dirichlet boundary condition

£

Fig. 4 Configuration and boundary conditions of calculation region with plots of instantaneous contours of low

pressure regions and wind vectors near the ground ; single core type without mean down flow region in the core
Rt=0.05m, Renv=0.15m, Rud=0.15m,Hc=0.6m, Hd=0.2m, D=0.6m, Wo=1.0m/s, Vtmax=0.31m/s, Sw=0.4, Re=620

non-slip boundary condition
free boundary condition
Dirichlet boundary condition

Fig. 5 Configuration and boundary conditions of calculation region with plots of instantaneous contours of low

pressure regions and wind vectors near the ground ; single core type with mean down flow region in the core
Rt=0.05m, Renv=0.6m, Rud=0.15m, Hc=0.6m, Hd=0.2m, D=0.6m, Wo=1.0m/s, Vtmax=0.25m/s, Sw=0.5, Re=760
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non-slip boundary condition
free boundary condition
Dirichlet boundary condition

Fig. 6 Configuration and boundary conditions of calculation region with plots of instantaneous contours of low

pressure regions and wind vectors near the ground ; multiple core type
Rt=0.05m, Renv=0.60m, Rud=0.15m, Hc=0.8m, Hd=0.1m, D=0.6m, Wo=1.0m/s, Vtmax=0.28m/s, Sw=1.5, Re=1800

non-slip boundary condition
Dirichlet boundary condition

Fig. 7 Configuration and boundary conditions of calculation region with plots of instantaneous contours of low

pressure regions and wind vectors near the ground ; swirling core type
Rt=0.05m, Recnv=0.60m, Rud=0.15m, Hc=0.8m, Hd=0.1m, D=0.6m, Wo0=2.0m/s, Vtmax=0.36m/s, Sw=1.1, Re=1660
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Fig. 9 Distributions of azimuthally averaged mean velocity and pressure field in a vertical plane.

Mean (time averaged) value of single core two cell type in Figure 4
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Fig. 11 Variation of azimuthally averaged mean values
of tangential speed V|, radial speed V,, vertical speed
W and differential pressure AP from the
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Characteristics of Numerically Generated Tornado-like Vortex

Takashi MARUYAMA

Synopsis

A numerical tornado simulator was developed and a tornado-like vortex was generated numerically by
Large Eddy Simulation. The tornado simulator consists of a convection region and a convergence region. A
series of unsteady flow fields of vortex were generated and examined the flow characteristics with varying
the inflow conditions, the boundary conditions, and the configuration of calculating domain. Some of the
typical vortices ; single core type without mean down flow region in the core, single core type with mean
down flow region in the core, multiple core type and swirling core type were presented. The flow
characteristics of the single core type with mean down flow region in the core were examined. The common
future of these vortices was summarized as, 1. The differential pressure AP from the surrounding mean
pressure decreases to the value of 2AP/pV?, 2=-1.5 at the position where the maximum tangential wind
speed occurs, where p is the air density, V,

fmax

the maximum tangential wind speed. 2. The tangential wind

speed decreases to the half of 7, at three times of the maximum tangential wind speed radius.

max

Keywords: tornado-like vortex, numerical simulator, flow characteristics, condition of generation
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