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Ascending twisted fl ow, 211
 development of the bottom part of, 218–220
 modeling of, 211
 formation of, 211–213
 steady-state fl ow in the bottom part of, 220–224

Basic defi nitions, 2, 3
 cyclone, 2
 extratropical cyclone, 2
 hurricane, 2, 3
 hurricane whirlwinds, 3
 storm, 3
 tropical cyclone, 2
 vortex, 3
 whirlwind, 3
 wind speed (force), 3
Basic equations, 165–171
 continuity, 165, 166
 Navier–Stokes, 166, 167
 vorticity, 167–171
Beafort wind speed (force) scale, 4, 5
Bernoulli equation, 193

Coriolis force, 174–177, 212
 cause of the, 174, 175
 impact on horizontal motion, 185–189
 impact on vertical motion, 178–185
 system of equations with account for, 213–218
Coriolis parameter, 198–200
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Damage indicators (DI)
 description, 32
 list of, 31
 photo of a typical, 34–36
Degrees of damage (DOD), 33–37

Earth atmosphere
 composition and structure, 46–48
 indifferent equilibrium, 50, 52
 pressure fi eld, 48, 49
 steady equilibrium, 50, 51
 stratosphere, 47, 48
 troposphere, 47
 unsteady equilibrium, 50, 51
 vertical balance, 49–52
Elements of hydrostatics, 171–174
 dropping liquid equilibrium in a rotating vessel, 171, 172
 dry-adiabatic gradient, 173, 174
 equilibrium of gases, 173, 174
Enhanced Fujita scale (EF scale), 30–40
Euler equation, 214
Extratropical cyclones (anticyclones), 45
 atmospheric precipitations in, 60, 61
 development stages of, 56, 57
 heat (cold) transfer by, 63–65
 hurricane winds in, 61–63
 frequency and sites of generation of, 58–60
 natural phenomena accompanying, 60–-63
 properties of, 56–60
 specifi c features of air movement, 57, 58
 typical pressure values, 60

Frontal zones, 52, 53
Fujita scale (F scale), 22, 25–30, 38

Hurricane, 6
 Katrina, 12-18
 Saffi r–Simpson wind scale, 6, 7
 the 2005 season, 6, 9–12
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 tornados, 18–25

Killer tornados
 distribution by months, 131–133
 rating of ten the most powerful, 135

Mathematical modeling of tornados, 191
 analysis of vortex instability, 198–202
 analytical solution of the Navier–Stokes equations, 205–210
 ascending twisted fl ow, 211–224
 exact solution for tornados, 195, 196
 modeling the ascending twisted fl ow, 211–213
 numerical simulation of tornados, 224–228
 simple analytical model, 192–197
 stratifi ed tornados, 196, 197
 very simple solution for tornados, 192–195
Most known tornado
 Amite/Pine/Purvis, 140
 Delphos, 122–125
 Flint, 140
 Gainsville, 138, 139
 in Central Regions of Russia, 113–115
 in England, 119, 120
 in Moscow Region, 111, 112, 115–118
 in United States of America, 120–125
 in Western Europe, 118–120
 Irving, 120–122
 Monville, 118, 119
 Moscow, 107–111
 Natchez, 136
 New Richmond, 140
 St. Louis/East St.Louis, 136, 137
 Three State, 134–136
 Tupelo, 137, 138
 Waco, 140, 141
 Woodward, 138, 140

Navier–Stokes equation, 166, 167, 205, 206
New passive-active protection method advantages, 280–291
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 effect of aerodynamic increase of the “working” surface, 284, 285
 effect of enhanced impact at smaller distances, 288
 effect of increasing the relative size of the mesh, 289, 290
 effect of protection against debris, 291
 effect of rapid and seasonal installation, 291
 generation of small-scale turbulence, 280, 284
 long-distance interaction, 285–288
 small height of the mesh structure, 289
 non-use of a solid barrier, 280
New method for tornado control, 263
 physical principles and advantages, 280–291

Physical modeling of tornados, 229
 air temperature distribution, 237–242
 description of the unit, 233, 234
 dynamics of vortex structures, 245–247
 experimental unit, 230–233
 instantaneous velocity fi eld, 259–261
 generalization of data, 242, 243
 integrated parameters of vortex structures, 243–245
 Rayleigh number, 242, 243
 Rossby number, 258, 259
 thermal conditions, 234, 235
 thermal modes, 234, 235
 traces of vortex structures, 247–249
 twisting parameter, 256
 underlying surface temperature distribution, 235–237
 visualization of the vortex funnel, 249–256

Rayleigh number, 242, 243
Reynolds number, 205, 206, 285
Rossby number, 160, 161, 258, 259

Saffi r–Simpson hurricane scale, 6, 7

Tornado
 damage from, 146–148
 distributions by the states and months, 126–130
 enhanced Fujita scale (EF scale), 30–40
 frequency and places of generation, 95
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 Fujita scale (F scale), 22, 25–30, 38
 groups of, 91
 lifetime, 93, 94
 numerical simulation of, 224–228
 path length, 93, 94
 possibilities for protection, 141, 148–152
 properties of, 91–95
 protection against, 148–152
 rating by the power, 125, 126
 sizes and weight, 94
 speed of movement, 93, 94
 stages of development, 91, 92
 study and forecasting of, 141–146
Tornado clouds
 general characterization, 73
 horizontal, 77, 78
 internal structure, 73–77
 shapes and dimensions, 73
 towering, 78, 79
Tornado hazardousness
 determining, 328, 329
 distribution of the states by, 131
 evaluation of the area, 315, 316
 preliminary evaluation, 316, 317
 probabilistic criterion of, 325–328
 rating of different states by, 132
 recommendations on defi nition, 321, 322
Tornado shapes
 blurred, 88–90
 dense, 83–88
Tornado structure
 cascade, 81–83
 funnel, 79–81
 inner cavity, 80
 walls, 80, 81
Tornado types
 dust, 96–98
 fi re, 103–106
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 invisible, 95, 96
 snow, 106, 107
 waterspout, 98–103
Tropical cyclones, 67–69
 conditions of generation, 67
 pressure in the center, 68
 speed, 67
 wind speed, 68

Vortex-mesh interaction, 266–280
 basic ideas, 266–270
 data generalization, 276–278
 elementary turbulent transformer, 269
 experimental unit, 266
 power of the laboratory generated vortices, 276–278
 geometric mesh parameter, 276, 277
 schematic illustration, 267, 269, 270
 secondary turbulent fl ow, 269
 single-mesh structures, 271–278
 two-mesh structures, 278–280
Vortex motion, 153–161
 angular velocity, 159–160
 azimuthal (tangential) velocity, 157, 158, 193
 characteristics, 157–161
 circulation, 160, 193
 some difi nitions, 154–157
 streamline, 154
 streamtube, 155
 systems of coordinates, 154
 twisting parameter, 158
 vortex line, 155–157
 vortex rope, 157
 vortex tube, 157
 vorticity, 159, 160
Vortex types
 dust, 96–98
 fi re, 103–106
 invisible, 95, 96
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 snow, 106, 107
 water, 102, 103
Vortices, 162–165
 combined (Rankine), 163–165, 286
 elementary data on, 162–165
 forced (solid-state rotation), 162, 163
 free (potential), 162

Weather fronts, 53–55
 occluded, 55
 secondary, 55
 stationary, 53–55
Winds, 3
 Beafort force scale, 4, 5
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