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This book is devoted to the fundamental problems of investigation of free 
concentrated vortices. The possibilities of mathematical modeling of whirl-
winds (tornados) are discussed. It states and solves, for the fi rst time in do-
mestic and global practice, the problem of physical (laboratory) modeling of 
whirlwinds without using mechanical whirling devices. The issues of genera-
tion and stability of free vortices and methods for controlling their character-
istics are analyzed. The possibilities for affecting atmospheric whirling forma-
tions of various scales are described.

The book is designed for scientists investigating hydrodynamics and heat 
and mass transfer of vortex fl ows, as well as for university teachers, students, 
and post-graduate students.
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FOREWORD

This book is devoted to investigation of free concentrated air vortices (whirl-
winds), which are common in the environment and in technologies. Vortex 
or eddy motion is a common form of air motion. There exist many types of 
vortex motion of the atmospheric air, differing in sizes, typical speeds, and 
lifetimes. We should note specifi cally vortex motions that have catastrophic 
effects, such as whirlwinds (tornados), vortex storms, and hurricanes.

Examples of technical devices using vortex fl ows include: cyclone sep-
arators and vortex tubes, centrifugal burners, vortex furnace chambers, and 
burners (Piralishvili et al., 2000), various vortex generators, and many others. 
The use of vortex effects provides broad opportunities for intensifi cation of 
different processes (mixing and combustion) and control of their stability.

Vortex structures often generate along surfaces of different aircraft and 
space rocket facilities, as well as in their aerodynamic wakes (Ginevskii and 
Zhelannikov, 2008). Controlling the fl ow around bodies with the aid of vortex 
cells is a promising and signifi cant line of the modern fl uid and gas dynamics 
(Baranov et al., 2003).

Investigations of free (not bounded by walls) concentrated (vorticity lo-
calized in space) vortices are diffi cult for a number of reasons, such as their 
spontaneous generation, space and time instability, impossibility of controlling 
characteristics, etc.

Whirlwinds (or tornados) represent one of the particular, but very intrigu-
ing and mysterious manifestations of natural free vortices. Therefore, the au-
thors of this book decided to use this term in the book title.

The fi rst, introductory, chapter gives brief data on the basic forms of air 
motion. It includes the defi nitions of cyclones (tropical and extratropical), hur-
ricanes, storms, whirlwinds, hurricane whirlwinds, and vortices. It describes 
the 12-level Beaufort wind force scale. The next section describes the Saf-
fi r–Simpson hurricane scale, which includes 5 categories and is the extend-
ed Beaufort scale for winds of hurricane force. Then, some characteristics of 
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FOREWORD

hurricanes are discussed, based on the review of Atlantic hurricanes of 2005, 
which was the year of the greatest in history cyclonic activity. It should be 
noted that the paths of Atlantic hurricanes coincide with the regions of the 
most active whirlwinds (tornados). The development of hurricanes is dis-
cussed using the example of Katrina hurricane, which takes a special place in 
terms of damage force and the number of casualties among all hurricanes ever 
occurring over USA. At the end of the section, data on hurricane whirlwinds 
that often accompany Atlantic hurricanes are provided.

Further on, the fi rst chapter provides the initial data on whirlwinds (tor-
nados). It describes the classical Fujita tornado scale. This scale includes six 
categories and is an enhanced scale of winds and hurricanes for very strong 
winds, characterizing tornados. It describes the enhanced Fujita tornado scale, 
containing evaluation of wind speeds, causing specifi c damage by different 
indicators (construction sites, structures, and elements of the landscape).

The fi nal section of the fi rst chapter makes some conclusions on hydrody-
namic similarity of different forms of atmospheric air vortex motion.

The second chapter includes brief information on the largest vortices ex-
isting in the Earth atmosphere, such as cyclones and anticyclones. The authors 
are strongly convinced that the knowledge and use of long-lasting cyclone and 
anticyclone research in order to analyze small-scale atmospheric vortices, such 
as whirlwinds (tornados), can be most expedient, since their hydrodynamic 
nature is similar.

A great part of material, used on the second chapter, was taken from the 
classical monograph of Pogosyan (1976), not claiming to be original. At the 
beginning of the chapter, the composition and structure of the Earth atmo-
sphere as well as elementary data on the atmospheric pressure fi eld are given. 
Important notions on dry and moist adiabatic air temperature gradients are in-
troduced; they are used to defi ne stable and unstable atmosphere equilibrium. 
The conditions of formation of front areas and different atmospheric fronts, 
greatly affecting the weather, are described. Data on the extratropical cyclones 
and anticyclones, including the stages of their development, specifi c features 
of air motion, the frequency and places of development and typical pressure 
values are given. Atmospheric precipitations in the system of cyclones and 
hurricane winds in the system of anticyclones are described. At the end of the 
chapter, brief data on tropical cyclones are provided. A comparative analysis 
of the conditions of generation and the properties of cyclones in tropical and 
extratropical latitudes is made.
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The third chapter provides a brief review of whirlwinds (tornados) and 
vertical vortices. A signifi cant part of the materials, used in this chapter, is 
taken from the monograph by Nalivkin (1969), which is a bibliographic rarity 
since long ago. It includes detailed data on the issues discussed and cannot 
be claimed as original. The available factual material on the meteorological 
phenomenon, such as whirlwinds (tornados), is provided in this chapter so as 
to try a qualitative transition from the collection of descriptive data on whirl-
winds (tornados) to their modeling and analysis in the subsequent chapters.

At the beginning of the third chapter, whirlwind (vortex) clouds are de-
scribed. The part of the cloud, possessing an intense vortex motion, is an in-
tegral part of the whirlwind (tornados). Horizontal and towering whirlwind 
clouds are discussed. Data on the whirlwind structure are provided. In ad-
dition to vortex formations in the mother (whirlwind) cloud, the whirlwind 
includes a funnel and a cascade. The basic types of funnels and cascades of 
atmospheric whirlwinds are described. Data on possible shapes of whirlwinds 
are provided, and the main features of dense and blurred whirlwinds are dis-
cussed. The basic features of whirlwinds, such as development stages, motion 
speed, lifetime, path length, typical sizes and their frequency, are described. 
Data on different types of whirlwinds and vortices, such as invisible, dusty, 
water, fi re, and snow vortices, are provided. By their structure, the availability, 
and the type of the carried substances, the invisible (dusty, water, etc.) vortices 
are similar to invisible (dusty, water, etc.) whirlwinds. The most known whirl-
winds which occurred in the last 100–200 years in Russia (Moscow Whirl-
wind, Moscow Region Whirlwind), Western Europe (Monville Whirlwind, 
etc.) and USA (Irving Tornado, Delphos Tornado, and Three State Tornado) 
are described. An array of statistical data, concerning the prevalence of torna-
dos in USA, is discussed. At the end of the chapter, data on the investigations 
of tornados, their damage and protection methods are provided.

The fourth chapter presents elementary data on vortex fl ows. The material 
of the chapter was taken from different sources and is auxiliary by its charac-
ter, since the chapter is designed to help better understand the material of the 
subsequent chapters. The basic notions, used for describing the kinematics of 
vortex fl ows as well as basic characteristics of such fl ows, are described. Data 
on very simple vortices — free, forced, and combined (Rankine vortex) — are 
provided. The main hydrodynamics equations, such as the continuity equa-
tion, Navier–Stokes equation, and vorticity equation, are written in detail. The 
vorticity equation plays a very important role in understanding the complex 
physics of vortex fl ows; therefore, it is given a special attention. Solutions of 
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elementary hydrostatic problems, such as the problem of the dropping liquid 
equilibrium in a rotating vessel and the problem of gas equilibrium, are pro-
vided. The dry adiabatic gradient, a key notion of geophysical hydrodynamics, 
is defi ned. The fi nal section of the fourth chapter discusses in detail the causes 
of the Coriolis force, responsible for the formation of the overwhelming ma-
jority of devastating vortex structures in the Earth atmosphere. The solutions 
of classical problems of vertical motion of material point and of motion of 
heavy material point in the horizontal plane due to the Coriolis force are dis-
cussed.

The fi fth chapter describes some mathematical models of whirlwinds. Un-
fortunately, the use of the methods of direct numerical simulation, intensively 
developed in the recent years, is diffi cult in tornado studies, primarily, because 
of serious problems related to correct formulation of boundary and initial con-
ditions. Today, the simplifi ed analytical and semi-empirical models of whirl-
winds, described in this chapter, are very important.

Models of tornados of different complexities are discussed. At the begin-
ning of the chapter, a simple analytical model of tornados, based on the Ber-
noulli equation for motionless air (tornado’s funnel) and moving (rotating) air, 
is provided. A very simple solution for incompressible air, an accurate solution 
for compressible air, and a solution for a stratifi ed tornado are obtained. It is 
demonstrated that even a simple model describes adequately the properties 
of real whirlwinds. An analytical model, describing the initial stage of torna-
do development, is described. This model is based on the vorticity equation, 
taking into account the impact of the Coriolis force and the presence of solid 
(or liquid) particles. The process of development of vortex atmospheric for-
mations due to instability, caused by the growing vertical velocity component 
towards the ground or the increasing concentration of suspended particles, is 
analyzed.

The next section of the chapter gives a new class of analytical solutions of 
the Navier–Stokes equations, which make it possible to predict characteristics 
of complex vortex fl ows, including tornados. The known very simple solution 
of the Euler (or Navier–Stokes) equations for a fl at vortex sink (vortex source) 
is generalized to the case, when an axial fl ow is superimposed on axisymmet-
ric vortex sinks. A new solution (exactly, a family of solutions) for a viscous 
incompressible fl uid allows construction of patterns of various vortex fl ows. In 
particular, it can be used to study the formation of tornados near the surface 
as well as to interpret the effect of a sharp expansion of the funnel at some 
elevation above the ground. The last model described is the analytical model, 
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based on the system of hydrodynamics equations within the model of an ideal 
incompressible fl uid with due account for the Coriolis force. The appearance 
of twist (swirl) in the positive direction (anticlockwise in the Northern Hemi-
sphere) in the part of the ascending twisted vortex near the ground due to a 
substantial role of the Coriolis force in the development of tornados is justi-
fi ed. Accurate and approximate solutions, describing the steady-state fl ow in 
the bottom part of the ascending twisted vortex are built. The produced solu-
tions make it possible to construct a physical pattern of the fl ow, contradicting 
the common ideas of the tornado development and stability, which, however, 
agrees very well with multiple full-scale observations.

The fi nal section of the fi fth chapter describes the results of some research, 
devoted to numerical simulation of tornados.

The sixth chapter provides the results of original experimental research of 
free concentrated vortices, being analogs of whirlwinds (tornados). The prin-
cipal opportunity for physical modeling of whirlwinds under laboratory condi-
tions without using mechanical twisting devices is demonstrated.

At the beginning of the sixth chapter, a simple experimental device for 
controlled heating of the underlying surface (metal sheet) from beneath in or-
der to create unstable air stratifi cation is described. Unstable air stratifi cation 
under specifi c conditions leads to the generation of free concentrated vortices 
which are the subject of our investigation. The basic parameters of thermal 
conditions, used for the generation and study of whirlwind characteristics, are 
provided. Thermal modes of heating (cooling) of the underlying surface, as 
well as the space–time fi eld of air temperatures, in which unstable stratifi ca-
tion results in free vortices, are studied. The obtained data allow evaluating 
the air heating rates and the horizontal and vertical temperature gradients, re-
quired for generating vortex structures. Some integral parameters of concen-
trated vortices (geometric dimensions, lifetime, motion velocity, etc.) using 
video fi lming are evaluated. Different types of trajectories of motion of the 
vortex structure basis are identifi ed. The effi ciency of different methods of vi-
sualization of free concentrated vortices is shown. The use of a fl at light knife 
(laser knife), together with visualization by means of magnesium and smoke 
particles enabled the study of whirlwind funnel formation and evolution. The 
results of measurement of the instantaneous velocity fi eld in free concentrated 
vortices are presented.

The seventh chapter includes the results of physical modeling of free vor-
tices in order to identify methods for their monitoring. The results of experi-
ments on the generation and study of stability of an unsteady-state vortex, de-

xiii



FOREWORD

scribed in the previous chapter, allowed a qualitatively new level of modeling 
and formulating, for the fi rst time, the problem of study of different methods 
of impact on vortex structures.

The seventh chapter begins with brief information on passive and active 
methods of controlling vortex atmospheric formations. It is noted that, despite 
numerous attempts made by scientists from different countries in order to pro-
pose different methods of impact on the above vortex atmospheric formations, 
no effi cient methods for controlling natural phenomena exist so far. Further 
in the chapter, the results of experimental studies of the possibilities for con-
trolling air vortices are provided. The chapter describes the proposed and test-
ed method of impact on whirlwinds (tornados), i.e., the placement of barriers 
in the form of vertical and horizontal meshes along the paths of vortex struc-
tures. The effi ciency of this method was verifi ed under laboratory conditions 
by studying the impact of such barriers on the dynamics of a free vortex with 
the structure similar to real tornados. A comparative analysis of mechanisms 
and effi ciency of vertical and horizontal meshes was made. It is noted that 
such protection structures, due to their simple fabrication and low costs, are 
unrivaled among the currently proposed methods of control in terms of cost 
effectiveness.

The fi nal section of the seventh chapter gives a brief analysis of the basic 
physical mechanisms of impact of the proposed passive-active method on tor-
nados, which precondition its advantages.

The annexes include the description of the methods for estimating the tor-
nado hazardousness of the area. These data are taken from the offi cial guide-
lines of the Russian State Committee on Nuclear and Radiation Safety. The 
guidelines include recommendations on calculating the whirlwind character-
istics on the sites of location and construction of nuclear power facilities and 
describe all stages of evaluation of the tornado hazardousness of the area, in-
cluding whirlwind parameters, needed to specify loads on buildings and struc-
tures important in terms of safety. These methods can be used to develop mea-
sures for protection of especially important facilities, located in areas with low 
tornado hazardousness.
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NOMENCLATURE

Dimensional quantities

a  rate of gravitational settling of solid (liquid) particles; sound 
                    velocity, m/s; thermal diffusivity of gas, m2/s
A  region (zone) surface area, m2

cp  isobaric heat capacity of gas, J/kg⋅K
cv  isochoric heat capacity of gas, J/kg⋅K
d  diameter of the streamlined body, m
f1  fi rst Coriolis parameter, s–1

f2  second Coriolis parameter, s–1

F   vector of the total mass force, N
cF   Coriolis force vector, N

Fx, Fy, Fz projections of the vector of the total mass force in the Cartesian
                     system of coordinates, N
g  acceleration of gravity, m/s2

h  typical vertical size; model screen height; protected facility 
                    height, m
h1  mesh structure height, m
h2  height of the surface fl ow generating a vortex, m
H  vortex height, m
l  laboratory vortex height, m
l1  fi xed barrier height, m
l2  mesh barrier height, m
lc  Coriolis circle length, m
L  space scale, tornado height, m
Lk  propagation path length of the k  intensity tornado, m
m  material point mass, kg
p  gas pressure, Pa
R  the Earth radius, m; the universal gas constant, J/(kg⋅K)
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Rc  Coriolis circle radius, m
r, φ, z  radial, azimuthal (tangential), and axial coordinates in the cylin-
  drical system of coordinates, m, rad., m
S  entropy, J/K; total damage area, m2

T  temperature of gas and underlying surface, K;
  effective period of observations, s
Ta  air temperature over the underlying surface, K
Tc  temperature at the center of the underlying surface, K
U  forward velocity of tornado, m/s
Uk  forward velocity of the k intensity tornado, m/s
Up  forward velocity of the probable tornado, m/s
U   gas velocity vector, m/s
Ur, Uφ, Uz projections of the gas velocity vector in the cylindrical system 
  of coordinates, m/s
Ux, Uy, Uz projections of the gas velocity vector in the Cartesian system
  of coordinates, m/s
V  rotational velocity of the tornado funnel wall, m/s
Vk  rotational velocity of the k intensity tornado funnel wall, m/s
Vp  rotational velocity of the probable tornado funnel wall, m/s
V   vector of material particle velocity, m/s
Vx, Vy, Vz vector of material particle velocity projection in the Cartesian 
  system of coordinates, m/s
Wk  propagation path width of the k  intensity tornado, m
x, y, z  longitudinal, lateral, and vertical coordinates in the Cartesian 
  system of coordinates, m

Greek symbols

β   coeffi cient of volumetric expansion, K–1

Γ   circulation, m2/s; temperature gradient, K/m
Δ pp   pressure difference between the center of the funnel and the 
  periphery of the probable tornado, Pa
μ   coeffi cient of dynamic viscosity, N⋅s/m2

ν   kinematic viscosity coeffi cient, m2/s
ρ   gas density, kg/m3

ρ p   density of solid (liquid) particles, kg/m3

φ  geographical latitude, rad.
τ   time, s
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τc   time of cooling of the underlying surface; time of motion
  along the Coriolis circle, s
τh   time of heating of the underlying surface, s
Ψ   stream function, m3/s
ω   gas vorticity vector, s–1

ωr , ωφ, ωz  projection of the gas vorticity vector in the cylindrical system
  of coordinates, s–1

ωx , ωy , ωz  projection of the gas vorticity vector in the Cartesian system
  of coordinates, s–1

Ω   vector magnitude of the angular velocity; angular rotational
  velocity of the Earth, s–1

Ω   vector of angular rotational velocity, s–1

Ωx , Ω y , Ωz  projections of the angular velocity vector in the Cartesian sys-
  tem of coordinates, s–1

Dimensionless quantities

a  ratio of the actual number of tornados to the recorded number
k  adiabatic index; tornado intensity class
kp  calculated intensity class of probable tornado
mk  the highest class of recorded tornados of the class in the area
n  polytropic index; number of tornados recorded in the area
nk  number of tornados recorded in the area, class k
N  total number of tornados crossing the area
P  annual probability of a tornado of the specifi c intensity class
P0  annual probability of a tornado-like event
Ps  annual probability of a tornado-like event in the area
Ra  Rayleigh number
Red  Reynolds number for fl ow past a body
Rer  radial Reynolds number
Reφ  vortex Reynolds number
Ro  Rossby number
S  parameter of twisting

Greek symbols

Φ   volume concentration of solid (liquid) particles
ψ   stream function
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Subscripts

∞  value at infi nity
0  value at the initial instant of time; on the ground surface; 
  on the core boundary
c  value at the center of the underlying surface
f  value on the funnel surface
k  value for the k intensity tornado
max  maximum value
min  minimum value
p  value for the probable tornado.
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CHAPTER 1

INTRODUCTORY CHAPTER

1.1  Preliminary Remarks

The goal of this introductory chapter is to present brief data on the basic forms 
of air vortex movement and discuss some of their characteristics.

Section 1.2 provides defi nitions of the basic forms of atmospheric air vor-
tex movement: cyclones (tropical and extratropical), hurricanes, storms, torna-
dos, hurricane tornados, and vortices. This simplifi es the material understand-
ing, since these defi nitions (terms) are used throughout the book.

The following three sections of Chapter 1 provide the basic data on winds, 
hurricanes, and tornados.

Section 1.3 presents the 12-level Beaufort wind force scale. The minimum 
wind force, correspondent to the maximum level 12 of the Beaufort scale, is 
32.7 m/s. The wind is called hurricane at this level. 

Section 1.4 is devoted to hurricanes. First, the section presents the Saffi r–
Simpson hurricane wind scale, which classifi es hurricanes into fi ve categories, 
extending the wind force scale to hurricane force winds. Thus, the above wind 
force of 33 m/s corresponds to a weak hurricane of the lowest category 1. It 
further discusses some hurricane characteristics using the review of the 2005 
Atlantic hurricanes. The paths of Atlantic hurricanes coincide with regions of 
maximum whirlwind (tornado) activity. The year 2005 was very indicative, 
because it was characterized by the record cyclone activity. The section also 
uses hurricane Katrina to discuss the dynamics of hurricane development. This 
hurricane was especially devastating by its force and the number of casualties 
of all hurricanes ever occurring over the USA. At the end of the section, data 
on the hurricane-type tornados in Atlantic hurricanes are analyzed. The infor-
mation on tornados sheds some light on the complex dynamics and hydrody-
namic similarity of vortical atmospheric formations of different scales.

1



2 CHAPTER  1

Section 1.5 presents data on whirlwinds (tornados). At the beginning, it 
presents the Fujita scale of tornados, including six categories, which extends 
the wind and hurricane scale to the strongest winds characterizing tornados. 
Indeed, the wind speed 33 m/s (level 12 by the wind scale) corresponds only 
to the lower level of a weak tornado F1, whereas the wind speed 70 m/s (cat-
egory 5 by the hurricane scale) does not reach the lower level of a strong 
tornado F3. Violent tornados of the top category F5 are characterized by the 
wind speed 117 m/s or more. It is noted that the classical Fujita scale does 
not correlate the wind speed with the damage. The enhanced Fujita scale for 
tornados, described further in this section, has no such drawback and contains 
the assessment of the wind speed with a specifi c level of damage by different 
indicators (construction sites, landscape elements and structures).

The fi nal Section 1.6 provides some conclusions concerning the entire di-
versity of atmospheric air movement forms.

1.2  Basic Defi nitions

Defi nitions of the basic forms of vortical movement of atmospheric air, in-
cluding the description of their characteristics (sizes, wind speed, etc.), are 
given below.

Cyclone is a giant atmospheric vortex, characterized by a reduced air pres-
sure in the center and the anti-clockwise air rotation in the Northern Hemi-
sphere and the clockwise air rotation in the Southern Hemisphere.

Cyclones are divided into tropical and extratropical.
A tropical cyclone is a cyclone that originates and develops in tropical lat-

itudes. The normal width of a tropical cyclone makes several hundreds of kilo-
meters, with the height from 6 to 15 km. The central part, the eye of the storm, 
has the lowest pressure, weak winds, and low clouds. The eye of the storm 
is surrounded by a ring of the cyclone walls, constituted by dense clouds and 
characterized by hurricane rotational speeds. The cyclone walls evolve into 
the peripheral part, where the wind speed gradually falls to no-wind condition. 

An extratropical cyclone is a cyclone that emerges and develops in extra-
tropical latitudes. Its lateral dimensions exceed the dimensions of a tropical cy-
clone, making from one thousand kilometers (at the stage of development) to 
several thousands of kilometers (at the stage of the so-called central cyclone). 
Extratropical cyclones are characterized by relatively small wind speeds, al-
though, in some cases, they may reach storm or even hurricane wind speeds.

A hurricane is a tropical cyclone, characterized by an extremely reduced 
pressure in the center and the wind speed reaching very high values. A hur-



REFERENCES

50-SG-S11A, Extreme Meteorological Events in Nuclear Power Plant Siting, 
Excluding Tropical Cyclones, A Safety Series, IAEA, no. 50-SG-S11A, Vi-
enna, 1983.

A Recommendation for an Enhanced Fujita Scale (EF-scale), Wind Science 
and Engineering Center, Texas Tech. University, 2004. 

Agee, E., Church, C., Morris, C., and Snow, J., Some synoptic aspects and 
dynamic features of vortices associated with tornado outbreak of 3 April 
1974, Monthly Weather Rev., vol. 103, no. 4, pp. 318–333, 1975.

Akhmetov, D. G. and Nikulin, V. V., Experimental determination of the time 
of tornado-like vortex formation in a closed chamber, Tech. Phys. Lett., 
vol. 34, no. 12, pp. 1057–1059, 2008.

Akhmetov, D. G. and Nikulin, V. V., Features of the vortex-core precession 
in a cylindrical chamber, Dokl. Physics, vol. 55, no. 4, pp. 196–198, 2010.

Alekseenko, S. V., Kuibin, P. A., and Okulov, V. L., Introduction to the Theo-
ry of Concentrated Vortices, Moscow–Izhevsk: Inst. Kompyut. Issledovanii 
Press, 2005.

Arnold, V. I., Mathematical Methods of Classical Mechanics, Moscow: Nauka 
Press, 1989.

Arseniev, S. А., Nikolaevsky, V. N., and Shelkovnikov, N. K., Vortex instabil-
ity and generation of tornados, Vestn. MGU, Series 3, Fizika, Astronomiya, 
no. 1, pp. 50–53, 2000.

Ashley, W. S., Spatial and temporal analysis of tornado fatalities in the United 
States: 1880–2005, Weather Forecast., vol. 22, pp. 1214–1228, 2007.

Avila, L. A. and Rappaport, E. N., Atlantic hurricane season of 1994, Monthly 
Weather Rev., vol. 124, pp. 1558–1578, 1996.

Baker, G. and Church, C. R., Measurements of core radii and peak velocities in 
modeled atmospheric vortices, J. Atmos. Sci., vol. 36, pp. 2413–2424, 1979.

299



300 REFЕRENCES

Baranov, P. А., Guvernyuk, S. V., Ermishin, А. V., Zubin, М. А., Zhdanov, 
V. L., Isaev, S. А., Prigorodov, Yu. S., Sudakov, А. G., Kharchenko, V. B., 
and Chernyshenko, S. I., Controlling Flow Past Bodies with Vortex Cells 
as Applied to Integral Aircraft (numerical and physical modeling), Mos-
cow: Moscow University Press, 2003.

Batchelor, G., An Introduction to Fluid Dynamics, Moscow: Mir Press, 1973. 
Bautin, S. P. and Deryabin, S. L., Mathematical Modeling of Ideal Gas Out-

fl ow in Vacuum, Novosibirsk: Nauka Press, 2005.
Bautin, S. P., Mathematical Modeling of Strong Compression of Gases, Novo-

sibirsk: Nauka Press, 2007.
Bautin, S. P., Mathematical Theory of Shock-Free Strong Compression of an 

Ideal Gas, Novosibirsk: Nauka Press, 1997.
Bautin, S. P., Tornado and Coriolis Force, Novosibirsk: Nauka Press, 2008.
Bech, J., Pascual, R., Rigo, T., Pineda, N., Lopez, J. M., Arus, J., and Gaya, 

M., An observational study of the 7 September 2005 Barcelona tornado 
outbreak, Natural Hazards Earth System Sci., vol. 7, no. 1, pp. 129–139, 
2007.

Bechini, R., Giaiotti, D., Manzato, A., Stel, F., and Micheletti, S., The June 
4th 1999 severe weather episode in San Quirino, Italy: a tornado event?, 
Atmos. Res., vol. 56, nos. 1–4, pp. 213–232, 2001.

Bertado, M., Giaiotti, D. B., Manzato, A., and Stel, F., An interesting case of 
tornado in Friuli-Northeastern Italy, Atmos. Res., vol. 67-8, SI, pp. 3–21, 
2003.

Beven, II, J. L., Avila, L. A., Blake, E. S., Brown, D. P., Franklin, J. L., Knabb, 
R. D., Pasch, R. J., Rhome, J. R., and Stewart, S. R., Atlantic hurricane 
season of 2005, Monthly Weather Rev., vol. 136, pp. 1109–1173, 2008.

Beven, II, J. L., Stewart, S. R., Lawrence, M. B., Avila, L. A., Franklin, J. L., 
and Pasch, R. J., Atlantic hurricane season of 2001, Monthly Weather Rev., 
vol. 131, pp. 1454–1484, 2003.

Birbraer, А. N. and Shulman, S. G., Robustness and Reliability of NPP Struc-
tures under Specifi c Dynamic Impacts, Moscow: Energoatomizdat Press, 
1989. 

Bluestein, H. B., Lee, W. C., Bell, M., Weiss, C. C., and Pazmany, A. L., Mo-
bile Doppler radar observations of a tornado in a supercell near Basset, Ne-
braska, on 5 June 1999. Part II. Tornado-vortex structure, Monthly Weather 
Rev., vol. 131, no. 12, pp. 2968–2984, 2003.

Bluestein, H. B., Unruh, W. P., Dowell, D. C., Hutchinson, T. A., Crawford, T. 
M., Wood, A. C., and Stein, H., Doppler radar analysis of the Northfi eld, 



301TORNADO

Texas, Tornado of 25 May 1994, Monthly Weather Rev., vol. 125, no. 2, pp. 
212–230, 1997.

Bluestein, H. B., Weiss, C. C., and Pazmany, A. L., Mobile Doppler radar 
observations of a tornado in a supercell near Basset, Nebraska, on 5 June 
1999. Part I. Tornadogenesis, Monthly Weather Rev., vol. 131, no. 12, pp. 
2954–2967, 2003.

Bluestein, H. B., Weiss, C. C., and Pazmany, A. L., The vertical structure of 
a tornado near Happy, Texas, on 5 May 2002: High-resolution, mobile, 
W-band, Doppler radar observations, Monthly Weather Rev., vol. 132, no. 
10, pp. 2325–2337, 2004.

Borisov, А. V. and Mamaev, I. S., Poisson’s Structures and Lie Algebra Ham-
iltonian Mechanics, Izhevsk: NITs "Regulyarnaya i Khaotichnaya Dynami-
ka" Press, 1999.

Borisov, А. V., Mamaev, I. S., and Sokolovsky, M. A. (Eds.), Fundamental 
and Applied Problems of Vortex Theory, Moscow–Izhevsk: Inst. Kompyut. 
Issledovanii Press, 2003.

Brogan, C. L. and Goss, W. M., VLA observations of the eye of the tornado, 
the high velocity H II region G357.63-0.06, Astronom. J., vol. 125, no. 1, 
pp. 272–276, 2003.

Brooks, E. M., The tornado-cyclone, Weatherwise, vol. 2, no. 2, pp. 32–33, 
1949.

Brooks, H. E., On the relationship of tornado path length and width to intensi-
ty, Weather Forecast., vol. 19, no. 2, pp. 310–319, 2004.

Brooks, H. E., Tornado-warning performance in the past and future ― a per-
spective from signal detection theory, Bull. Amer. Meteor. Soc., vol. 85, no. 
6, pp. 837–843, 2004.

Brooks, H. E. and Doswell, C. A., Deaths in the 3 May 1999 Oklahoma City 
tornado from a historical perspective, Weather Forecast., vol. 17, no. 3, pp. 
354–361, 2002.

Brooks, H. E., Doswell, C. A., and Kay, M. P., Climatological estimates of lo-
cal daily tornado probability for the United States, Weather Forecast., vol. 
18, no. 4, pp. 626–640, 2003.

Brooks, H. E., Lee, J. W., and Craven, J. P., The spatial distribution of severe 
thunderstorm and tornado environments from global reanalysis data, At-
mos. Res., vol. 67-8, SI, pp. 73–94, 2003.

Brown, R. A., Lemon, L. R., and Burgess, D. W. Tornado detection by 
pulsed Doppler radar, Monthly Weather Rev., vol. 106, no. 1, pp. 29–38, 
1978.



302 REFЕRENCES

Burgess, D. W., Lemon, L. R., and Brown, R. A., Tornado characteristics re-
vealed by Doppler radar, Geophys. Res. Lett., vol. 2, no. 5, pp. 183–184, 
1975.

Burgess, D. W., Magsig, M. A., Wurman, J., Dowell, D. C., and Richardson, 
Y., Radar observations of the 3 May 1999 Oklahoma City tornado, Weather 
Forecast., vol. 17, no. 3, pp. 456–471, 2002.

Capital and country of Old Cathay, Nat. Geogr. Magaz., vol. LXIII, no. 6, 
1933.

Case, R. A. and Gerrish, H. P., Atlantic hurricane season of 1983, Monthly 
Weather Rev., vol. 112, pp. 1083–1092, 1984.

Case, R. A. and Gerrish, H. P., Atlantic hurricane season of 1987, Monthly 
Weather Rev., vol. 116, pp. 939–949, 1988.

Chalmers, A., Synoptic and mesoscale environments in tropical tornado out-
breaks, Bull. Amer. Meteor. Soc., vol. 88, no. 10, pp. 1536–1536, 2007.

Changnon, S. A. and Semonin, R. G., A great tornado disaster in retrospect, 
Weatherwise, vol. 19, no. 2, pp. 56–65, 1966.

Church, C. R. and Snow, J. T., The dynamics of natural tornadoes as inferred 
from laboratory simulations, J. Rech. Atmos., vol. 12, pp. 111–133, 1979.

Church, C. R., Snow, J. T., and Agee, E. M., Tornado vortex simulation at 
Purdue University, Bull. Amer. Meteor. Soc., vol. 58, no. 9, pp. 900–908, 
1977.

Davies, J. M., Doswell, C. A., Burgess, D. W., and Weaver, J. F., Some note-
worthy aspects of the Hesston, Kansas, tornado family of 13 March 1990, 
Bull. Amer. Meteor. Soc., vol. 75, no. 6, pp. 1007–1017, 1994.

Davies-Jones, R. P., Burgess, D. W., Lemon, L. R., and Purcell, D., Interpre-
tation of surface marks and debris patterns from 24 May 1973 Union-City, 
Oklahoma tornado, Monthly Weather Rev., vol. 106, no. 1, pp. 12–21, 1978.

Desrochers, P. R. and Donaldson, R. J., Automatic tornado prediction with an 
improved mesocyclone-detection algorithm, Weather Forecast., vol. 7, no. 
2, pp. 373–388, 1992.

Dessens, J., Man-made tornadoes, Nature, vol. 193, no. 4810, pp. 12–14, 1962.
Donaldson, R. J. and Donaldson, D. E., Tornado viewing in Corfu, Greece, 

Bull. Amer. Meteor. Soc., vol. 66, no. 7, pp. 845–846, 1985.
Doswell, C. A. and Burgess, D. W., On some issues of United-States tornado 

climatology, Monthly Weather Rev., vol. 116, no. 2, pp. 495–501, 1988.
Dotzek, N., An updated estimate of tornado occurrence in Europe, Atmos. 

Res., vol. 67-8, SI, pp. 153–161, 2003.



303TORNADO

Dotzek, N., Grieser, J., and Brooks, H. E., Statistical modeling of tornado in-
tensity distributions, Atmos. Res., vol. 67-8, SI, pp. 163–187, 2003.

Dotzek, N., Kurgansky, M. V., Grieser, J., Feuerstein, B., and Nevir, P., Ob-
servational evidence for exponential tornado intensity distributions over 
specifi c kinetic energy, Geophys. Res. Lett., vol. 32, no. 24, Article no. 
L24813, 2005.

Dotzek, N., Tornadoes in Germany, Atmos. Res., vol. 56, pp. 233–251, 2001.
Dowell, D. C. and Bluestein, H. B., The 8 June 1995 McLean, Texas, storm. 

Part II: Cyclic tornado formation, maintenance, and dissipation, Monthly 
Weather Rev., vol. 130, no. 11, pp. 2649–2670, 2002.

Dunn, G. E. and Miller, B. I., Atlantic Hurricanes, Louisiana State Univ. 
Press, 1960. 

Elsner, J. B. and Kara, A. B., Hurricanes of the North Atlantic, New York: 
Oxford University Press, 1999. 

Emanuel, K., Divine Wind: The History and Science of Hurricanes, New York: 
Oxford University Press, 2005. 

Etkin, D., Brun, S. E., Shabbar, A., and Joe, P., Tornado climatology of Cana-
da revisited: Tornado activity during different phases of ENSO, Int. J. Cli-
matology, vol. 21, no. 8, pp. 915–938, 2001.

Faye, H., Nouvelle Etude Surles Tempetes, Cyclones, Trombes ou Tornados, 
Paris: Gauthier-Villars, 1897. 

Fedorey, V. G. (Ed.), Typhoons Evolution, Leningrad: Gidrometeoizdat Press, 
1987.

Feuerstein, B., Dotzek, N., and Grieser, J., Assessing a tornado climatology 
from global tornado intensity distributions, J. Climate, vol. 18, no. 4, pp. 
585–596, 2005.

Fiedler, B. H. and Rotunno, R., A theory for the maximum windspeeds in 
tornado-like vortices, J. Atmos. Sci., vol. 43, no. 21, pp. 2328–2340, 
1986.

Finley, J. P., Report on the tornadoes of May 29 and 30, 1879 in Kansas, Ne-
braska, Prof. Paper of the Signal Service, no. 4, 1881.

Fizjarrald, D. E., A laboratory simulation of convective vortices, J. Atmos. 
Sci., vol. 30, no. 7, pp. 894–902, 1973.

Flora, S. D., Tornadoes of the United States, Norman, Oklahoma: University 
of Oklahoma Press. 1953. 

Franklin, J. L. and Brown, D. P., Atlantic hurricane season of 2006, Monthly 
Weather Rev., vol. 136, pp. 1174–1200, 2008.



304 REFЕRENCES

Franklin, J. L., Avila, L. A., Beven, J. L., Lawrence, M. B., Pasch, R. J., and 
Stewart, S. R., Atlantic hurricane season of 2000, Monthly Weather Rev., 
vol. 129, pp. 3037–3056, 2001.

Franklin, J. L., Pasch, R. J., Avila, L. A., Beven, II, J. L., Lawrence, M. B., 
Stewart, S. R., and Blake, E. S., Atlantic hurricane season of 2004, Month-
ly Weather Rev., vol. 134, pp. 981–1025, 2006.

Fujita, T., A detailed analysis of the Fargo tornadoes of June 20, 1957, Weath-
er Bureau of United States, Research Paper no. 42, 1960a.

Fujita, T., Formation and steering mechanisms of tornado-cyclones and associ-
ated hook echoes, Monthly Weather Rev., vol. 93, pp. 67–78, 1965.

Fujita, T., Mesoanalysis of the Illinois tornadoes of April 9, 1953, J. Meteor., 
vol. 15, no. 3, June, pp. 288–296, Boston, 1958.

Fujita, T., Mother cloud of the Fargo tornadoes of June 20, 1957, Proc. Conf. 
on Cumulus Convection, Washington, pp. 175–177, 1960b.

Gall, R. L., Internal dynamics of tornado-like vortices, J. Atmos. Sci., vol. 39, 
no. 12, pp. 2721–2736, 1982.

Gallus, W. A., Sarkar, P., Haan, F., Kuai, L., Kardell, R., and Wurman, J., 
A translating tornado simulator for engineering tests: comparison of radar, 
numerical model, and simulator winds, Proc. 22 Conf. on Severe Local 
Storms, Paper 15.1, 2004.

Galway, J. G., Relationship of tornado deaths to severe weather watch areas, 
Monthly Weather Rev., vol. 103, no. 8, pp. 737–741, 1975.

Galway, J. G., Some climatological aspects of tornado outbreaks, Monthly 
Weather Rev., vol. 105, no. 4, pp. 477–484, 1977.

Garner, J., Forecasting tornado path length — is it possible?, Bull. Amer. Me-
teor. Soc., vol. 88, no. 11, pp. 1721–1722, 2007.

Gianfreda, F., Miglietta, M. M., and Sanso, P., Tornadoes in Southern Apulia 
(Italy), Natural Hazards, vol. 34, no. 1, pp. 71–89, 2005.

Ginevskii, А. S. and Zhelannikov, А. I., Aircraft Vortex Wakes, Moscow: 
Fizmatlit Press, 2008.

Goldshtik, М. A., Vortex Flows, Novosibirsk: Nauka Press, 1981. 
Grasso, L. D. and Cotton, W. R., Numerical simulation of a tornado vortex, J. 

Atmos. Sci., vol. 52, no. 8, pp. 1192–1203, 1995.
Grice, A. W., The Cyprus tornado of 29 May 1985, Meteor. Magazine, vol. 

115, no. 1366, pp. 143–149, 1986.
Grigorkina, R. G. and Fuks, V. R., Infl uence of Typhoons on the Ocean, Len-

ingrad: Gidrometeoizdat Press, 1986. 



305TORNADO

Grishin, А. M., Golovanov, А. N., and Sukov, Ya. V., Physical modeling of 
fi re whirlwinds, Dokl. Akad. Nauk, vol. 395, no. 2, pp. 196–198, 2004.

Grishin, А. M., Golovanov, А. N., Kolesnikov, А. А., Strokatov, А. А., and 
Tsvyk, R. Sh., Experimental study of heat and fi re whirlwinds, Dokl. Akad. 
Nauk, vol. 400, no. 5, pp. 618–620, 2005.

Gruza, G. V. and Gresko, P. D., Statistical Methods of Forecasting Move-
ments of Atlantic Tropical Cyclones, Leningrad: Gidrometeoizdat Press, 
1977. 

Haan, F. L., Sarkar, P. P., and Gallus, W. A., Design, construction and perfor-
mance of a large tornado simulator for wind engineering applications, Eng. 
Struct., vol. 30, pp. 1146–1159, 2008.

Hexter, P. L., An observation of arcus and funnel clouds over Chesapeake Bay, 
Monthly Weather Rev., vol. 90, pp. 217–224, 1962.

Holzer, A. M., Tornado climatology of Austria, Atmos. Res., vol. 56, nos. 1–4, 
pp. 203–211, 2001.

Homar, V., Gaya, M., and Ramis, C., A synoptic and mesoscale diagnosis of 
a tornado outbreak in the Balearic Islands, Atmos. Res., vol. 56. nos. 1–4, 
pp. 31–55, 2001.

Ingel, L. K., On the motion of heavy particles in a tornado, Izv. Atmos. Okean. 
Fiz., vol. 40, no. 6, pp. 765–768, 2004.

Ives, R. L., Behaviour of dust devils, Bull. Amer. Meteor. Soc., vol. 28, pp. 
168–174, 1947.

Janssen, B., The Hypnotic Power of Crop Circles, Campton: Adventures Un-
limited Press, 2004. 

Jischke, M. C. and Parang, M., Properties of simulated tornado-like vortices, 
J. Atmos. Sci., vol. 31, no. 3, pp. 506–512, 1974.

Kamenkovich, V. М., Koshlyakov, М. N., and Monin, А. S., Synoptic Vortices 
in the Ocean, Leningrad: Gidrometeoizdat Press, 1982. 

Kelly, D. L., Schaefer, J. T., McNulty, R. P., and Doswell, C. A., An aug-
mented tornado climatology, Monthly Weather Rev., vol. 106, no. 8, pp. 
1172–1183, 1978.

Khain, А. P. and Sutyrin, G. G., Tropical Cyclones and Their Interaction with 
the Ocean, Leningrad: Gidrometeoizdat Press, 1983. 

Khain, А. P., Mathematical Modeling of Tropical Cyclones, Leningrad: Gidro-
meteoizdat Press, 1984. 

Khrgian, А. Kh., Physics of the Atmosphere, vol. 2, Leningrad: Gidrometeoiz-
dat Press, 1978. 



306 REFЕRENCES

Klemp, J. B. and Wilhelmson, R. B., The simulation of three-dimensional 
convective storm dynamics, J. Atmos. Sci., vol. 35, no. 6, pp. 1070–1096, 
1978.

Knabb, R. D., Rhome, J. R., and Brown, D. P., Tropical cyclone report: 
hurricane Katrina, 23–30 August 2005, www.nhc.noaa.gov/pdf/TCR-
AL122005_Katrina.pdf

Kochin, N. Е., Kibel, I. А., and Roze, N. V., Theoretical Hydrodynamics, Pt. 
1, Moscow: Fizmatgiz Press, 1963. 

Kolobkov, N. V., Air Ocean and Its Life, Moscow: Geografgiz Press, 1957.
Kolobkov, N. V., Thunderstorms and Squalls, Moscow–Leningrad: Gostekhiz-

dat Press, 1951. 
Kozlov, V. V., The General Theory of Vortices, Izhevsk: Izd. Dom Udmurtsky 

Univ. Press, 1998. 
Kuai, L., Haan, F. L., Gallus, W. A., and Sarkar, P. P., CFD simulations of 

the fl ow fi eld of a laboratory-simulated tornado for parameter sensitivity 
studies and comparison with fi eld measurements, Wind Struct., vol. 11, no. 
2, pp. 75–96, 2008.

Kutateladze, S. S., Volchkov, E. P., and Terekhov, V. I., Aerodynamics and 
Heat and Mass Transfer in Bounded Vortex Flows, Novosibirsk: ITF SO 
AN SSSR Press, 1987. 

Lamb, H., Hydrodynamics, Cambridge: Cambridge Univ. Press, 1932.
Lawrence, M. B. and Clark, G. B., Atlantic hurricane season of 1984, Monthly 

Weather Rev., vol. 113, pp. 1228–1237, 1985.
Lawrence, M. B. and Gross, J. M., Atlantic hurricane season of 1988, Monthly 

Weather Rev., vol. 117, pp. 2248–2259, 1989.
Lawrence, M. B. and Pelissier, J. M., Atlantic hurricane season of 1980, 

Monthly Weather Rev., vol. 109. pp. 1567–1582, 1981.
Lawrence, M. B. and Pelissier, J. M., Atlantic hurricane season of 1981, 

Monthly Weather Rev., vol. 110, pp. 852–866, 1982.
Lawrence, M. B., Atlantic hurricane season of 1986, Monthly Weather Rev., 

vol. 115, pp. 2155–2160, 1987.
Lawrence, M. B., Avila, L. A., Beven, J. L., Franklin, J. L., Guiney, J. L., and 

Pasch, R. J., Atlantic hurricane season of 1999, Monthly Weather Rev., vol. 
129, pp. 3057–3084, 2001.

Lawrence, M. B., Avila, L. A., Beven, J. L., Franklin, J. L., Pasch, R. J., and 
Stewart, S. R., Atlantic hurricane season of 2003, Monthly Weather Rev., 
vol. 133, pp. 1744–1773, 2005.



307TORNADO

Lee, W. C. and Wurman, J., Diagnosed three-dimensional axisymmetric struc-
ture of the Mulhall Tornado on 3 May 1999, J. Atmos. Sci., vol. 62, no. 7, 
pp. 2373–2393, 2005.

Lemon, L. R., Stan-Sion, A., Soci, C., and Cordoneanu, E., A strong, long-
track Romanian tornado, Atmos. Res., vol. 67-8, SI, pp. 391–416, 2003.

Leslie, F. W., Surface roughness effects on suction vortex formation: a labora-
tory simulation, J. Atmos. Sci., vol. 34, no. 7, pp. 1022–1027, 1977.

Lewellen, D. C. and Lewellen, W. S., Near-surface intensifi cation of tornado 
vortices, J. Atmos. Sci., vol. 64, no. 7, pp. 2176–2194, 2007a.

Lewellen, D. C. and Lewellen, W. S., Near-surface vortex intensifi cation 
through corner fl ow collapce, J. Atmos. Sci., vol. 64, no. 7, pp. 2195–2209, 
2007b.

Lewellen, D. C., Gong, B. Y., and Lewellen, W. S., Effect of fi nescale de-
bris on near-surface tornado dynamics, J. Atmos. Sci., vol. 65, no. 10, pp. 
3247–3262, 2008.

Lewellen, D. C., Lewellen, W. S., and Xia, J., The infl uence of a local swirl 
ratio on tornado intensifi cation near the surface, J. Atmos. Sci., vol. 57, no. 
4, pp. 527–544, 2000.

Lewellen, W. S., Lewellen, D. C., and Sykes, R. I., Large eddy simulation of 
a tornado’s interaction with the surface, J. Atmos. Sci., vol. 54, no. 5, pp. 
581–605, 1997.

Liu, S., Wang, Z., Gong, Z., and Peng, Q., Real time simulation of a tornado, 
Visual Comput., vol. 23, pp. 559–567, 2007.

Liu, S., Wang, Z., Gong, Z., Chen, F., and Peng, Q., Physically based mod-
eling and animation of tornado, J. Zhejiang Univ. Sci. A, vol. 7, no. 7, pp. 
1099–1106, 2006.

Loitsyansky, L. G. and Lurie, А. I., Course of Theoretical Mechanics, vol. 1, 
Moscow: Nauka Press, 1982. 

Lorenz, E. N., The Nature and Theory of the General Circulation of the Atmo-
sphere, Leningrad: Gidrometeoizdat Press, 1970. 

Maddox, R. A., Evaluation of tornado proximity wind and stability data, 
Monthly Weather Rev., vol. 104, no. 2, pp. 133–142, 1976.

Mamedov, E. S. and Pavlov, N. I., Typhoons, Leningrad: Gidrometeoizdat 
Press, 1974. 

Marcinoniene, I., Tornadoes in Lithuania in the period of 1950–2002 including 
analysis of the strongest tornado of 29 May 1981, Atmos. Res., vol. 67-8, 
SI, pp. 475–484, 2003.



308 REFЕRENCES

Markowski, P. M., Straka, J. M., and Rasmussen, E. N., Tornadogenesis re-
sulting from the transport of circulation by a downdraft: idealized numeri-
cal simulations, J. Atmos. Sci., vol. 60, no. 6, pp. 795–823, 2003.

Marzban, C., Mitchell, E. D., and Stumpf, G. J., The notion of "best predic-
tors": An application to tornado prediction, Weather Forecast., vol. 14, no. 
6, pp. 1007–1016, 1999.

Mayfi eld, M., Avila, L. A., and Rappaport, E. N., Atlantic hurricane season of 
1992, Monthly Weather Rev., vol. 122, pp. 517–538, 1994.

Meleshko, V. V. and Konstantinov, М. Yu., Dynamics of Vortex Structures, 
Kiev: Naukova Dumka Press, 1993. 

Mikhailov, А., On storms, Morskoi Sbornik, no. 3, pp. 1–37, St. Petersburg: 
Marine Ministry Press, 1888. 

Mitchell, E. D., Vasiloff, S. V., Stumpf, G. J., Witt, A., Eilts, M. D., Johnson, 
J. T., and Thomas K. W., The National Severe Storms Laboratory tornado 
detection algorithm, Weather Forecast., vol. 13, no. 2, pp. 352–366, 1998.

Molene, P. A., Typhoon Hunters, Moscow: Mir Press, 1967. 
Nalivkin, D. V., Hurricanes, Storms and Tornados. Geographic Features and 

Geological Activity, Leningrad: Nauka Press, 1969. 
Nezlin, М. V. and Snezhkin, Е. N., Rossby Vortices and Spiral Structures, 

Moscow: Nauka Press, 1990. 
Oliver, A. R., The Gotheburgs Nebraska, tornadoes June 24, 1930, Monthly 

Weather Rev., vol. 59, pp. 225–229, 1931.
Ooyama, K. V., Conceptual Evolution of the Theory and Modeling of the 

Tropical Cyclone, Moscow: Mir Press, 1985. 
Palmén, E. H. and Newton, C. W., Atmospheric Circulation Systems, Lenin-

grad: Gidrometeoizdat Press, 1973. 
Pasch, R. J., Avila, L. A., and Guiney, J. L., Atlantic hurricane season of 1998, 

Monthly Weather Rev., vol. 129, pp. 3085–3123, 2001.
Pasch, R. J., Lawrence, M. B., Avila, L. A., Beven, J. L., Franklin, J. L., and 

Stewart, S. R., Atlantic hurricane season of 2002, Monthly Weather Rev., 
vol. 131, pp. 1829–1859, 2004.

Pedlosky, J., Geophysical Fluid Dynamics, Moscow: Mir Press, 1984. 
Pielke, Jr., R. A. and Pielke, Sr., R. A., Hurricanes. Their Nature and Impacts 

on Society, Chichester–London: John Wiley and Sons, 1997. 
Piralishvilli, Sh. А., Polyaev, V. М., and Sergeev, М. N., Vortex Effect. Exper-

iment, Theory, Engineering Solutions, Moscow: UNPTs Energomash Press, 
2000.



309TORNADO

PNAE G-05-035-94, Account of Natural and Man-Made Impacts on Nuclear 
and Radiation Hazardous Facilities, 1994.

Pogosyan, Kh. P., Cyclones, Leningrad: Gidrometeoizdat Press, 1976. 
Pogosyan, Kh. P., General Atmospheric Circulation, Leningrad: Gidrometeoiz-

dat Press, 1972. 
Pokrovskaya, I. V. and Sharkov, Е. А., Tropical Cyclones and Tropical Per-

turbations of the World Ocean, Moscow: Polygraph-Service Press, 2006. 
Pringle, L., Crop Circles: The Greatest Mystery of Modern Times, London: 

Thorsons, 2002. 
Pryor, S. C. and Kurzhal, T., A tornado climatology for Indiana, Phys. Geogr., 

vol. 18, no. 6, pp. 525–543, 1997.
Quat. J. Meteor. Soc., vol. 63, 1937.
Rasmussen, E. N. and Blanchard, D. O., A baseline climatology of sound-

ing-derived supercell and tornado forecast parameters, Weather Forecast., 
vol. 13, no. 4, pp. 1148–1164, 1998.

Rasmussen, E. N., Refi ned supercell and tornado forecast baseline parameters, 
Weather Forecast., vol. 18, no. 3, pp. 530–535, 2003.

Recommendations on Determining Rated Whirlwind Characteristics for Nu-
clear Power Plant, RD 95 10444-91, 1991.

Recommendations on the Evaluation of Whirlwind Characteristics for Nuclear 
Power Facilities, RB-022-01, Ordinance of Russian Gosatomnadzor no. 17, 
December 28, 2001. 

Recommendations on the Evaluation of Whirlwind Characteristics for Nucle-
ar Power Facilities, RB-022-01, Vestn. Gosatomnadzora Rossii, no. 1, pp. 
59–90, 2002.

Riehl, H., Tropical Meteorology, New York: McGraw-Hill, 1954. 
Romero, R., Gaya, M., and Doswell, C. A., European climatology of severe 

convective storm environmental parameters: a test for signifi cant tornado 
events, Atmos. Res., vol. 83, nos. 2–4, pp. 389–404, 2007.

Rotunno, R., Numerical simulation of a laboratory vortex, J. Atmos. Sci., vol. 
34, no. 12, pp. 1942–1956, 1977.

Rotunno, R., Study in tornado-like vortex dynamics, J. Atmos. Sci., vol. 36, 
no. 1, pp. 140–155, 1979.

Ryzhkov, A. V., Schuur, T. J., Burgess, D. W., and Zrnic, D. S., Polarimetric 
tornado detection, J. Appl. Meteor., vol. 44, no. 5, pp. 557–570, 2005.

Saffi r, H. S., Hurricane wind and storm surge, Mil. Eng., vol. 423, pp. 4–5, 
1973.



310 REFЕRENCES

Saffman, P. G., Vortex Dynamics, Moscow: Nauchny Mir Press, 2000. 
Scorer, R., Aerohydrodynamics of an Environment, Moscow: Mir Press, 1980. 
Shakina, N. P., Dynamics of Atmospheric Fronts and Cyclones, Leningrad: 

Gidrometeoizdat Press, 1985. 
Shiryaeva, S. O., Grigor’ev, A. I., and Moksheew, P. V., Nonlinear analysis of 

the equilibrium shape of a charged drop in the tornado funnel wall, Tech. 
Phys., vol. 53, no. 3, pp. 296–305, 2008.

Shtern, V. and Hussain, F., Hysteresis in a swirling jet as a model tornado, 
Phys. Fluids, vol. 5, no. 9, pp. 2183–2195, 1993.

Shtern, V., Borissov, A., and Hussain, F., Vortex-sinks with axial fl ows: solu-
tion and applications, Phys. Fluids, vol. 9, no. 10, pp. 2941–2959, 1997.

Shuleikin, V. V., Calculations of the Development of Motion and Dissipation 
of Tropical Hurricanes and Associated Main Waves, Leningrad: Gidrome-
teoizdat Press, 1978. 

Sibruk, V., Robert Wood: Nowadays Physical Laboratory Wizard, Moscow: 
Nauka Press, 1980. 320 p.

Simiu, E. and Scanlan, R., Wind Effects on Structures, Moscow: Stroyizdat 
Press. 1984. 

Simpson, R. H., The hurricane disaster potential scale, Weatherwise, vol. 27, 
pp. 169–186, 1973.

Sinclair, P. C., Some preliminary dust devil measurements, Monthly Weather 
Rev., vol. 92, pp. 363–367, 1964.

Sinkevich, O. A. and Chikunov, S. E., Numerical simulation of two-phase fl ow 
in a tornado funnel, High Temperature, vol. 40, no. 4, pp. 604–612, 2002.

Sinkevich, O. A., A model of fl ow in a tornado vortex in view of phase transi-
tions, High Temperature, vol. 34, no. 6, pp. 922–927, 1996.

SNiP 2.01.07-85, Loads and Impacts, 1985.
Snow, J. T., Church, C. R., and Barnhart, B. J., An investigation of the surface 

pressure fi elds beneath simulated tornado cyclones, J. Atmos. Sci., vol. 37, 
pp. 1013–1025, 1980.

Szilard, S., A systematic approach to synoptic tornado climatology of Hungary 
for the recent years (1996–2001) based on offi cial damage reports, Atmos. 
Res., vol. 83, nos. 2–4, pp. 263–271, 2007.

Tesla, N., Breaking up tornados, in: N. Tesla, Articles, Samara: Agni Press, 
pp. 562–571, 2008. 

Tyrrell, J., A tornado climatology for Ireland, Atmos. Res., vol. 67-8, SI, pp. 
671–684, 2003.



311TORNADO

Vanierschot, M. and Van den Bulck, E., Infl uence of swirl on the initial merg-
ing zone of a turbulent annular jet, Phys. Fluids, vol. 20, pp. 105104-1–
105104-18, 2008.

Varaksin, A. Y., Romash, M. E., and Kopeitsev, V. N., Effect of net structures 
on wall-free non-stationary air heat vortices, Int. J. Heat Mass Transfer, 
vol. 64, pp. 817–828, 2013.

Varaksin, A. Y., Romash, M. E., and Kopeitsev, V. N., Tornado-like gas-solid 
fl ow, Proc. 6th Int. Symp. on Multiphase Flow, Heat Mass Transfer and 
Energy Conversion, vol. 1207, pp. 342–347, 2010a.

Varaksin, A. Y., Romash, M. E., Kopeitsev, V. N., and Gorbachev, M. A., Ex-
perimental study of wall-free non-stationary vortices generation due to air 
unstable stratifi cation, Int. J. Heat Mass Transfer, vol. 55, pp. 6567–6572, 
2012a.

Varaksin, A. Y., Turbulent Particle-Laden Gas Flows, Berlin, Heidelberg: 
Springer-Verlag, 2007.

Varaksin, A. Yu., Collisions in Particle-Laden Gas Flows, Moscow: Fizmatlit 
Press. 2008. 

Varaksin, A. Yu., Romash, M. E., and Kopeitsev, V. N., Controlling the be-
havior of air tornados, High Temperature, vol. 47, no. 6, pp. 836–842, 
2009a.

Varaksin, A. Yu., Romash, M. E., and Kopeitsev, V. N., The possibilities of 
visualization in the case of simulation of air tornados, High Temperature, 
vol. 48, no. 4, pp. 588–592, 2010b.

Varaksin, A. Yu., Romash, M. E., and Kopeitsev, V. N., The possibility of in-
fl uencing vortex atmospheric formations, High Temperature, vol. 48, no. 3, 
pp. 411–415, 2010c.

Varaksin, A. Yu., Romash, M. E., and Kopeitsev, V. N., Tornado-like non-sta-
tionary vortices: experimental modeling under laboratory conditions, Natu-
ral Sci., vol. 3, no. 11, pp. 907–913, 2011a.

Varaksin, A. Yu., Romash, M. E., Kopeitsev, V. N., and Gorbachev, M. A., 
Physical simulation of air tornados: some dimensionless parameters, High 
Temperature, vol. 49, no. 2, pp. 310–313, 2011b.

Varaksin, A. Yu., Romash, M. E., Kopeitsev, V. N., and Gorbachev, M. A., 
Simulation of free heat vortexes: generation, stability, control, High Tem-
perature, vol. 48, no. 6, pp. 918–925, 2010d.

Varaksin, A. Yu., Romash, M. E., Kopeitsev, V. N., and Gorbachev, M. A., 
Method of impact on free nonstationary air vortices, High Temperature, 
vol. 50, no. 4, pp. 496–500, 2012b.



312 REFЕRENCES

Varaksin, A. Yu., Romash, M. E., Kopeitsev, V. N., and Taekin, S. I., The pos-
sibility of physical simulation of air tornados under laboratory conditions, 
High Temperature, vol. 46, no. 6, pp. 888–891, 2008.

Varaksin, A. Yu., Romash, M. E., Kopeitsev, V. N., and Taekin, S. I., The gen-
eration of free concentrated air vortexes under laboratory conditions, High 
Temperature, vol. 47, no. 1, pp. 78–82, 2009b.

Varaksin, A. Yu., Romash, M. E., Kopeitsev, V. N., and Taekin, S. I., The 
parameters of unstable stratifi cation of air leading to generation of free vor-
texes, High Temperature, vol. 48, no. 2, pp. 251–255, 2010e.

Vasiloff, S. V., Improving tornado warnings with the Federal Aviation Admin-
istration’s Terminal Doppler Weather Radar, Bull. Amer. Meteor. Soc., vol. 
82, no. 5, pp. 861–874, 2001.

Villat, H. T. H. P., Leçons sur la théory des tourbillons, Moscow–Leningrad: 
ONTI, NKTP Press, 1936. 

Walko, R. and Gall, R. L., Some effects of momentum diffusion on axisym-
metric vortices, J. Atmos. Sci., vol. 43, no. 20, pp. 2137–2148, 1986.

Wan, C. A. and Chang, C. C., Measurement of the velocity fi eld in a simulat-
ed tornado-like vortex using a three-dimensional velocity probe, J. Atmos. 
Sci., vol. 29, no. 1. pp. 116–127, 1972.

Ward, N. B., The exploration of certain features of tornado dynamics using 
laboratory model, J. Atmos. Sci., vol. 29, no. 9, pp. 1194–1204, 1972.

Weatherwise, vol. 17, no. 4, p. 166, 1964.
Wicker, L. J. and Wilhelmson, R. B., Simulation and analysis of tornado de-

velopment and decay within a three-dimensional supercell thunderstorm, J. 
Atmos. Sci., vol. 52, no. 15, pp. 2675–2703, 1995.

Wikle, C. K. and Anderson, C. J., Climatological analysis of tornado report 
counts using a hierarchical Bayesian spatiotemporal model, J. Geophys. 
Res., Atmospheres, vol. 108, D24, Paper no. 9005, 2003.

Wurman, J., Alexander, C., Robinson, P., and Richardson, Y., Low-level winds 
in tornadoes and potential catastrophic tornado impacts in urban areas re-
ply, Bull. Amer. Meteor. Soc., vol. 89, no. 10, pp. 1580–1581, 2008.

Wurman, J., Richardson, Y., Alexander, C., Weygandt, S., and Zhang, P. F., 
Dual-Doppler analysis of winds and vorticity budget terms near a tornado, 
Monthly Weather Rev., vol. 135, no. 6, pp. 2392–2405, 2007.

Xia, J., Lewellen, W. S., and Lewellen, D. C., Infl uence of Mach number on 
tornado corner fl ow dynamics, J. Atmos. Sci., vol. 60, no. 22, pp. 2820–
2825, 2003.



313TORNADO

Yih, C.-S., Tornado-like fl ows, Phys. Fluids, vol. 19, pp. 076601-1–076601-6, 
2007.

Ying, S. J. and Chang, C. C., Exploratory model study of tornado-like vortex 
dynamics, J. Atmos. Sci., vol. 27, no. 1, pp. 3–14, 1970.

Zrnic, D. and Istok, M., Wind speeds in 2 tornadic storms and a tornado, de-
duced from Doppler spectra, J. Appl. Meteor., vol. 19, no. 12, pp. 1405–
1415, 1980.

Zrnic, D., Burgess, D. W., and Hennington, L., Doppler spectra and estimated 
windspeed of a violent tornado, J. Climate Appl. Meteor., vol. 24, no. 10, 
pp. 1068–1081, 1985.


	references.pdf
	VARAKSIN-TORNADO.pdf
	VARAKSIN-TORNADO.pdf
	VARAKSIN-TORNADO.pdf
	References.pdf







