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OF THE TORNADOES AND TROPICAL CYCLONES
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A natural phenomenon

Why there?
How are?
Where does the energy for a long
period of existence and destruction?



Bautin S.P. Tornado and the Coriolis force. 2008.

Bautin S. P, Deryabin S. L., Krutova I. Y., Obukhov A. G.

Destructive atmospherlc vortices and the Earth s rotation
around its axis. USURT, 2017.

¥ The emergence of the rising 1g convective flow

due to a gradient of a temperature.

Y Education bottom part and the appearance in it of
air swirling through the action of the Coriolis force.
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The sun gives energy to the beginning of the vertical movement.
Earth's rotation twists the horizontal movement.



The energy ior seli-maintenance of stable functioning
of the ascending swirling tflow

\) The Earth’s rotation twists the gas in the bottom part.

\) Twist the gas is passed into the bottom part.

\) The centrifugal force generates in the vertical part of
the negative pressure in the vicinity of the axis and
the effect of impermeable walls - «pipe with a thrust».

\)Outside air is resting by gravity in the tube is
pressed from below with the thrust.
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The rotation of air in the vertical part ol making stable operation
of the entire tflow. 4



The system of equations of gas dynamics
in a rectangular coordinate system rotating with the Earth

| =g —2Q XYV,
S = const,
¢ = plr—1/2

Q = (0,05,03).

(o =Qcosh, (23 =sin,
Q= |€].

Coriolis acceleration present in the equations of motion

(the differential form of the law of conservation of momentum)

introduces into the gas stream an additional external impulse,
that is, changes mV - the amount of tlow !!




(

The system of equations of gas dynamics
in_a cylindrical coordinate system rotating with the Earth

¢+ uc + Fc, + we, + (ng)c(uf.—}—%—l—%ﬁ—%-wg) = 0,

2
ut—l—uur#—f—,uw— 1”?—I—’um.f,z—I— (731)ccr:av—bwcoscp,

v + uv, + T’;ﬂ—v—l— %vp—}-wvz -+ (73 l)gc{p = —au + bw sin @,

9 .
cc, = bucosp —bvsing — g,
7= 1) —— T

ij (1= 2g2 Sin 1); b —_ 2g2 COS 1)3 Q :lgl

)

C= p(’]’“_l)ﬁ‘: p:}%

In this case, the system of equations of gas dynamics is clearly part

of the inde]gendent variable Q.
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Effect of the Earth's rotation
on tornadoes and tropical cyclones

The characteristic Cauchy problem for a smooth radial runoit




¢t + uc, + wc, + we, + G ; D (ur + + % = + wz) =0,
2
v* 2

w + uu, + 'r“av - + wu, + 7 —1) cc, = av — bw cos @,
vy + uv, + = m" %vw + wv, + C % 1) %ch = —au + bw sin @,

wy + uw, + 2 w@ + ww, + € % ) cc, = bucosyp — bvsiny — g;

a =2Qsiny; b= 20 cost

c(t,r,p, 2)|c+ = /gy — (v — 1)gz

. "| Conditions on
u(t,r, o, 2)|c+ = 0;
?}(f r. z) =0 the sound
LEROAle characteristic
(ta r,g,z ) ct — 01

u(t, r, ¢, 2)lr=r, = “G(f)v | The specified radial flow
u0(t) =0 = 0, [u°(t)] =0 = u, = const < 0.

Bautin S.P.The characteristic Cauchy problem andits applicationto gas dynamics. 2009.
Bautin S.P.The characteristic Cauchy problem for a quasilinear analytic system //Diffi.eq.1976.



Theorem 1. The problem has a unique analytic solution in
a neighborhood of the point My (t = 0,7 = rg, 0 = g, 2= 0),

If €2= 0, the only analytic solution does not depend on @
and the flow is only radial.

If Q5 0: i _o Pl
or | o+ - O o

in the case of the Northern Hemisphere;
@ = 0; 82—2 < 0.
or | o+ or? | 4

in the case of the Southern Hemisphere.

This proves that the occurrence of the spin gas at € 0

in the problem of smooth radial flow caused by rotation
of the Earth is only about its own axis.




The characteristic Cauchy problem for agiven radial inflow

[t will be built at the bottom currents
have formed a natural ascending

swirling flow.

ZN
Ny y
A
AR lg
S-S A That is to be built stationary gas flow in
- h _ 4 cylindrical domain:
‘o lin X _

{U‘fl?‘“_:?‘im rin >0; 0 < ¢ < 2m; 320}
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¢t + uc, + =cy, + we, + (7;1)6 (ur+ 2+ v?“a—i—wz) =0,

T
2
U + Uy + Tu@ :} + wu, + ( % 1) cc, = av — bw cos @,
Uy + UV, + % + %U@ + wv, + (7 3 1) %cctp = —au + bw sin p,

wy + uw, + %ww + ww, + € % ) cc, = bucosy — bvsinp — g;

c(t,r,p, 2)|.=0 = a(r),
t ?“ e = UnlT). The conditions
( it ) ’ o(r). on the contact
U (f r, @, 2) z=0 — ?*’U(T)r characteristic
w(f r,g,z ) =0 — 0
. _ . | Thes ified
?L(f ry@, < )|f':f'in = Uin; Uin = const < 0, l‘ﬂji;ll)em lec
N ?”(tw r, @, 2) I-r:rm = 0. flow

A radial runoff in region: 0 < r < 1o, 19 < Tip.

Bautin S.P.The characteristic Cauchy problem andits applicationto gas dynamics. 2009.

Bautin S.P.The characteristic Cauchy problem for a quasilinear analytic system //Diff.eq.1976.
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Theorem 2. In carrying out the necessary conditions
2

>

v

Uplor — 5+ + 7= CoCor = AV,
(v —1)

UpU
UgVor + (%, U — — AU

for the solvability problem has a unique analytic solution

in the neighborhood of the point (7 = Tin, ¥ = o, 2 = 0).

[. Ii €2 = 0, the only analytic solution of the circumierential
velocity is identically equal to zero: v = 0.

2. 11 £ # 0, then definitely get the tollowing:
’UO( V ) A in this flow

the Rossby numbe:

O0<Ro< + o0
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Coriolis force takes part of the Earth’s rotational

kinetic energyinto kinetic energy
of rotational motion of a special air tlow.
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A new natural-scientific fact!

IFor tornadoes and tropical cyclones
strictly mathematically proved that:

@ the cause of the gas swirling in these streams
is only the Earth’s rotation around its axis;

@ the rotational kinetic energy of the movement of
airin these tlows is taken only from the kinetic energy

of the Earth’s rotation around its axis.




Flow computations consistent
Tatom EB., Witton S.J. // Seismological Research Letter. 2001.V. 72. Ne 1.

Emanuel K.A. // Journal of the Atmospheric Sciences. 2000.V. 128.
The classification of a tornado on a scale Fujita

tornado i track the average time
class width s length, tornado life,

m Km - min

FO 5— 15 1.9 2.4
F'l 16 — 50 4.2 5.2
F2 51 — 160 8.7 10.8
F'3 161 — 508 16.1 20.0
F4 547 — 1448 43.8 54.4

Fo 117 — 1421 1609 — 4989 7.1 71.0
ravages
of time

Cyclones statistics:
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Flat isentropic tlow

( Ct + uc +(7_1)(’(’u +E)—U —
T 2 ’ steady flow
2 _
y u + uu, — % 4+ 2 TyCCr = av, A (r=1/2
(7 o ) c(r) — [ ( )] :
ru(r
vy + uv, + L= —qy 9 AN\
k - F(r,u)= ( ) +

A, B, r,, —const =
’ 0,



(yiven the ry, V. ind» Win = 0.0001: 7y, pick up so

W
that Viing = V(ro) = vu(rg)2+ v(rg)?

The results of calculations of statlonallﬂows

tornado | Viyind ro,m | r;,.m W, JIx W, /W
class m S
F_ 15 . 1 410 1.1-10° 0.149
FO 19 . 2.5 975 | 24.78-10° | 0.497
Fos 25.5 . 5.0 | 1765 | 0.307-10" | 0.764
F1 33 : 8.0 | 2618 | 1.895-107 | 0.877
F2 51 . 25.5 | 5949 | 0.096- 107 | 0.973
F3 71 . 80.5 | 12522 | 3.56-10' | 0.994
F4 93 273.5 | 26450 | 132.2-10" | 0.9986

F5 116 98 1804.5 [ 50890 | 3079.6 - 10** | 0.9996

cyclone | 51 . 3650 [ 73050 | 15.51- 10" | 0.998

calcul calcul.

The values of ry, V(ry) for F_y, Fy5 entered tornado classes
are determined by linear interpolation according to the data

of the Fujita scale. 17



Unsteady calculations tlat bottom pieces

of destructive atmosgheric vortices

Ttle, = hneulos, t
dL i Il
W‘O— = fa(r,c, uav)'O— ) C
C+ 0
Aol — fo(r u,v)] ) S ar o =
dt o0 3\, W, 0 I _ i+
flow [ time to steady- | 1y, Tins
class state flow, h m km
F0 3.1 2.5 | 0.975
F1 4.6 8.0 | 2.618
F2 6.8 25.9 | 9.949
F'3 8.3 80.5 [12.522
F4 13.3 273.5 | 26.450
5 13.6 804.5 | 50.890
27.4 3650 | 73.050
caleul. gg}gﬁ_ calcul.




.

Calculations unsteady three-dimensional flows
The complete system of Navier-Stokes equations

'pr +V - Vp+ pdivV = 0,

Vit (V-V) Vi Lvp+ Avr =g —20 x v+
|

-|—ﬂ h‘? (divV) + %,AV} ,

{
T, + V- VT + (y = )TdivV = ZLAT+

-I-‘uﬂﬁr(ga_ D, { [(uw — v, ) + (U —w ) + (vy — wz)ﬂ +

-I-% {(uy + fum)g + (u + wm)g + (v, + fu;y)ﬂ }j o >0 = const
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Calculation of

«air blowing from the bottom up» experiment

0.015-

0.01+

SO0 M

0.015-

0.01-

0.005-

M

S0m

blowing T

speed, m/s 5 10 12 15 20
W, Tk 3.5-10° [1.4-10* [ 4.2-10* | 6.5-10* [2.5- 107
W, /W 0.19 0.22 0.45 0.58 0.97
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Conclusion

@Construct a solution of a system ol equations

ol gas dynamics, taking into account the forces

of gravity and Coriolis consistent with the data
of field observations ol tornadoes and tropical
cyclones.

@These solutions are strictly mathematically
determine thata twisttlow and tornadoes

and trolgical czc]ones o1ves on]y the Larth’s

oives only the Earth’s rotation around its axis.

Geometric and S]geed characteristics ot streams

in which the kinetic energy of the rotational
flow more than halt of the kinetic energy

of the tlow.
21



Thanks!

E-mail: SBautin@usurt.ru
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