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Fig. 1 Tornado simulator
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Fig. 2 Calculation region and mesh descretization
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Table 1 Dimensions of calculation region

Exhaust wind speed : Uo= 1.0 m/s

Minimum mesh size : 6mm

Hc = 350~600, C=300~1200, Cu = 250mm
Hd = 200~400, D=1200, Du = 300~450mm
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Fig. 3 Inflow conditions on side boundaries of convergence region
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a . Without horizontal b. 2.5sec. c. 3.0sec. d. 3.5sec. f. 4.0sec.
wind shear With horizontal wind shear (boundary condition (a). Starting from velocity = 0.0)

Fig. 4 Development of vortex ; Instantaneous velocity vectors, stream lines, contour plots of pressure
Uo=1m/s, Hc=350mm, C,Du=300mm, Hd=200mm.

C =300mm C =600mm C =900mm C =1200mm
a. Instantaneous flow field ; Contour plots show low pressure region.
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b. Mean wind velocity (horizontal component:UVmean/Uo)
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c. Mean wind velocity (vertical component : Wmean/Uo)
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d. Distribution of pressure (Pmean/ o Uo2)

Fig. 5 \Variation of flow characteristics with the width of convection region : C

Time averaged values 1.6 second after steady condition. Using boundary condition (a) in Fig. 3.
Uo=1m/s, Hc=350mm, C,Du=300mm, Hd=200mm.
Values in vertical plane, y=0, at the height of 54mm (0.27Hd) from the floor.
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Fig. 10 Calculated result with large convection region, low convergence region and wide updraft opening

Turbulence of convection region comes down into convergence region. Low pressure region is split.

Uo=1m/s, Hc=600mm, C=1200mm, Du=300mm, Hd=200mm.
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Fig. 11 Calculated result with high convergence
region

Uo=1m/s, Hc=350mm, C=600mm, Du=300mm,
Hd = 400mm . Turbulence of convection region
comes down into convergence region and the vortex
is twisting.
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A Trial of Generating a Tornado-like Vortex by Large Eddy Simulation

Takashi MARUYAMA

Synopsis
A tornado-like vortex was generated numerically by Large Eddy Simulation. The calculation region
was designed to reproduce the wind flow in a tornado simulator. The tornado simulator consists of a
convection region and a convergence region. An unsteady flow field of vortex was generated and examined
the flow characteristics with varying the inflow conditions and the configuration of calculating region.

Keywords: Large Eddy Simulation, tornado, numerical simulation, vortex
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