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Rotating annulus experiment: Large-scale helical soliton in the atmosphere?
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A typhoon is a cyclone vortex with a warm low pressure center, formed over tropical oceanic waters. A
large-scale rotating annulus experiment of fluid dynamics is carried out, under the conditions of dynamic
similarity, geometric similarity, and the similarity of boundary conditions. In the first step, with the help of
infrared heaters, the basic flow field and helical structure of a single typhoon were successfully simulated; then
two model typhoons were generated, and their interactions tested. It demonstrated that they did separate after
colliding with each other, and their respective basic shapes were restored, which confirms the basic dynamic
features of typhoons in nature as solitons. It was also shown that the formation of their helical structures is
related to the adapting process of atmosphere to the rotation of the earth and that their dynamic characteristics
as solitons come from a result of an equilibrium between their dispersion and the nonlinear convergence of the
anticyclones, with whose combined actions their structure remains stable for a long period, which in turn
means that they are indeed three-dimensional helical solitons.
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[. INTRODUCTION dynamic experiments, it is found that two different model
typhoons, after colliding with each other, will separate and
Formed over tropical oceans, a typhoon is a threerestore their respective basic structures. Our experimental re-
dimensional cyclone vortex having a warm low pressure censults demonstrated that a typhoon possesses the main dy-
ter. Meteorologists have observed and studied typhoons for @amic characteristics of a soliton with a rather stable helical
long time[1-3], with their research focuses on the mecha-structure. Therefore, it may be said that a typhoon is a large-
nism of their development and predictions of their motionscale helical soliton. This finding also suggested that the
[4—6]. Along with numerical calculations, the rotating annu- Nonlinear theory of the solitary wave provides a new ap-
lus experiment remains to be an important method for studyProach to the study of typhoons and is helpful in understand-
ing the dynamic characteristics of a large-scale rotating fluidnd the formation mechanism and dynamic characteristics of
[7—10. A typhoon acquires a helical structure under the actyphoons.
tion of Coriolis force due to the rotation of the earth. From
the view point of nonlinear dynamics, a typhoon is mainly Il. THE MATHEMATICAL AND PHYSICAL
affected by the following three factors: advection, dissipa- BACKGROUND OF THE MODEL
tion, and dispersion. Advection, as a nonlinear action, leads
to a very steep convex wave shape. Dispersion tends to ex-
pand the wave shape wider and the dissipation will attenuate A typhoon is a three-dimensional low pressure cyclone
the wave amplitude. These conflicting factors, when apvortex with a ratio of vertical and azimuthal scales of about
proaching to an equilibrium state, drive a typhoon forward1:50. It has nearly axially symmetric distributions of air pres-
with stable helical structure and a constant speed for a longure, temperature, and wind field. Its vortex radius typically
time. These characteristics are similar to those of a soliton. Inanges from 500 to 1000 km. It is convenient to describe a
addition, barotropic vortex equations for rotating atmosphergyphoon according to its three zones. The outer zone consists
and the wave equations at a low latitude can both be reduceaf helical cloud bands. The middle zone is a ring with the
to the KdV equations in the first-order approximation maximum wind speed strong convection, and rainfall. The
[11,12. Makino, Kamimura, and Taniul[13] have con- central zone is the so-called eye of the typhoon formed by
ducted numerical experiments for two colliding vortexes ac+ing shaped cloud walls, measuring about 10 to 70 km
cording to the above mentioned dynamic features of a soliacross, where winds are weak. It is very dry, warm, and
ton. The two vortexes, after colliding with each other, havenearly free of clouds in the eye. The typhoon rotates around
separated and restored their respective wave shapes and travvertical axis with a great speed, developing into a strong
eling speeds, which proves this kind of vortexes behave likevertical air flow towards the middle layer with the air enter-
two-dimensional solitons in nature. All these lead us to being from the lower layer, where the tangential wind compo-
lieve that a typhoon may be a helical soliton created by nanent is dominant and radial component is small. The air on
ture. In order to confirm this idea, we have conducted a sethe top layer then flows out and mixes with surrounding air,
ries of large-scale fluid dynamic rotating annulussinking down to form a radial-vertical circulating ring. The
experiments, which have fairly well modeled the macro-vertical height of a typhoon ranges from 10 to 20 km. At a
scopic dynamic features of typhoon in nature such as itheight of 100 to 150 km from the eye is the anticyclone
large-scale helical structure and basic flow field. In theseirculating air flow, which sucks out the air, resulting in a

A. The basic structure of the model typhoon

1063-651X/2001/6¢45)/0566218)/$20.00 64 056621-1 ©2001 The American Physical Society



ZHAO SONGNIAN et al. PHYSICAL REVIEW E 64 056621

TABLE I. Seven nondimensional parameters as independent similarity criteria for experiment modeling
and comparison of their experimental value and actual observational value.

Range of actual

Parameter Formula Range of experimental value observational value
Rossby number ReU/LF R0,=0.32-0.43 Rp=0.6—-1.6
Ekman number Ek v/fL? Ek,=2.5x10"%-0.79<10°* Ek,=0.4x104-1.7x1073
Prandtl number Prou/k Pre~1 Pr~1
Froude number FrU%/gL Fr,=0.25x10 4-3.0x10 *  Fr,=0.9x10 *-3.2x10 *
Time parameter Ho=tU/L Hoe=(1.35—-1.5x 10 Hon=(1.04—1.56} 10
Storm development law p=QL/C,TU D.=(1.3-2.0x10* D,=(0.9-1.2)x10°*
Geometric parameter G=H/L G.=0.025-0.030 G,~0.02-0.03
very low pressure at the center of the typhoon. The model p=pRT, (5)

typhoon in the rotating annulus experiment at laboratory
should have all those basic flow structures as the actual %quation of thermodynamics,
phoon in nature.
el de 0Q+1a<Kaa)+a( aa)
B. Experimental mode —_— = ——|rKy— |+ —=|Ky—
dt  C,T ror ar Jz Jz

a0
Hﬁ) ’ (6)

According to a theory called conditional instability of the
second kind, release of latent heat from moisture condensa- n i a K
tion, serving as a positive feedback in heating the atmo- r2 on
sphere, plays a key role in the formation of typhofib4,15.
Anthes [2] and Yamasaki[16] proposed a mathematical equation of water balance,

model to describe this process, whose original equations in

cylindrical coordinates are essentially Navier-Stokes equa- dq 19 dq| o aq
tions with Coriolis force included, that are at +p—E+S= T ( rKHﬁ + % ( KZE)
%N vy vy, dvy vy V\V; 1 9 P
— 4yt = —4+w—+fr + a
o e T W Tt +r—25(KHX : )
1 0p " 1 &TZ)\ 1 (97'”\ 57')\)\ Tex ™ T 1 . .
Toron p oz pl\ar Fon p , (D) expression for potential temperature,
2 PO R/Cp
v, v, v, v, 2% 0=T _) (8)
—+ +———F+w——fr, —— ’
gt Tor v N ez Ty P
1 dp 1dmy 1(dmy 1d7% Ty T where @ is the potential temperaturg,the density K, and
__EK“L; gz plar "1 an + r ' K, are horizontal and vertical eddy viscosity coefficients,

respectively,p is the air pressurek is the vapor,S is the

liquid water in the air, an@) is the nonadiabatic heating rate.

The solutions of these equations, after scale analyses and
simplifications, lead to a set of nondimensional parameters,
|&s shown in Table | of the following section which may
serve as the basis for the design of experiment modeling and
related interpretations.

)

wherev, and v, represent the radial and tangential compo-
nents of the velocity, respectively, ards the vortex stress.
The following equations should be added for numerical ca
culations.

Equation of statics,

ap C. Similarity criteria for experiment modeling
E =—pg, (3) The lar . . . . .
ge-scale fluid dynamic rotating annulus is designed
o ) based on the mode of the geostrophic motion. In order to
continuity equation, simulate the large-scale helical motion in the nature gov-
erned by relevant Eq$1)—(8), the experimental conditions
dp dpvy  dprv; f?PW:O (49  should be such that the dynamic similarity, the geometric

at  ron ron 0z similarity, and the similarity in boundary conditions are
maintained. From this seven independent similarity criteria

equation of state, can be derived17,18 as shown in Table |, where subscript

056621-2



ROTATING ANNULUS EXPERIMENT: LARGE-SCAIEE . . . PHYSICAL REVIEW E 64 056621

scriptn indicates the actual observational values. As the ac-

tual observational values fdd, L, andQ are only the aver-
aged estimations, there are some differences between th— T2
related nondimensional quantities and the experimental ones 6 B
But their actual effects are limited, for a model typhoon the |'_I |
basic requirements of Rossby number R&, and Ekman
number Ek<1 are satisfied automatically. 9

From Table I, it can be seen that the dynamic and ther-
modynamic constraints are satisfied in our experiments,
which means that the experiment conforms rigorously with
the theory of similarity, therefore, it will simulate not only
the general features of a typhoon, but also its important
structures, such as the temperature field, flow field, and the
eye region. The results of the experiment indeed agree witr
the actual observation data and basic facts in meteorology, s
the simulation of the dynamic process for the interaction of
two typhoons is based on a solid foundation of mathematics
and physics.

In our experiment the air is used as the working media, so
the value for the gas laws=pRT is equal to 1; andH the
height, L the horizontal scald) the horizontal speed] the
temperatureR the gas constanG, the specific heat capacity

at constant pressur€ the nonadiabatic heating rate the FIG. 1. Diagram of experimental setufi) Infrared heaters(2)
air pressurep the air density,v the eddy viscosity coeffi- heating holes for infrared light3) high-speed camer#4) gas ves-
cient, t the time,f the Coriolis parameter, ankl the heat sel;(5) vertical sheet light sourcé6) horizontal sheet light source;
transfer coefficient. (7) axis to rotate horizontally(8) horizontally rotating platform(9)
Note that theH,, D and G are also important similarity rotation controller; and10) foundation.
indices. We summarize their dynamic meanings as follows.
(1) The dynamic meaning dfl, harmony-time parameter Ill. EXPERIMENTAL SETUP
is that the dynamic process of a natural typhoon should be . . . o
similar to one of the model typhoons. In other words, khg Our experimental setup is schematically shown in Fig. 1,

andH,, are of the same order of magnitude. For a naturalVhere the gas vessed) is filled with air, used as the work-

typhoon the time required from initial disturbance to its ma-"d Media, two infrared heatefs) heat the smoke entering
ture state is about 3 days, i.¢,=3d andU,=30—40ms, the vessel through two small holes, and the overhead high

L,=500—1000km. Using the formultiy=t,U/L,, we speed camerg3) takes pictures of the e_*xperimental results.
have Hg,=10(1.56—1.04), for the model typhoorU, In ordgr to observe more clearly the helical ;truc;ures and the
—3-4mls, L,=(30—-40)m, t,=4-5 rotation period flow flgld of typhoons, some ;mol(érc?m burning cigarettes
(namely, 4—5 disk daysand the rotation period is in the is feq |n.to.the. vessel by medlcgl syringe needles through Mo
range of 30—45 s. Then we hatiy,=10(1.35—1.5). special injecting holes at the side of the heating holes, which

(2) Storm development la indicates the degree of de- serves both as tracer gas for observing the atmospheric mo-

) . tion and the heat source for heating the surrounding air. The
velopment of typhoon or tropical cyclon®@,, is the condens-

) . as vessel is made of transparent plexiglass, in the shape of a
ing heating rate that comes from the strong mesoscale cum vlinder, 130 cm in diameter, 4 cm in height. The platform

lus tower surrounded the typhoon’s eye. We assume itgg) ‘350 cm in diameter, can rotate horizontally and is fixed
vapor convergence is about 40 g/cmd, theref@g=2.0  with the gas vessdél) with the same axis and with the rota-
x10J/gs. For the model typhoon, the infrared light bulbtion period of 20 through 180 &ontinuously adjustable
used in the experiment is 12 W in electric power, of whichThe rotation period is an important control parameter in our
1-1.2 W can be converted to infrared radiation energy, onlexperiments and takes values from 30 to 45 s, corresponding
0.2-0.3 W of which is absorbed by cigarette smoke. Thereto rotating speeds of 0.21-0.14 rad/s. Within the above
fore, we can calculate the value @f., that is 2.7 J/gs. range, theL value of the model typhoon is 30-40 cm, and
When the values of), L., andU,,, L, are the same as in theH value is 3-3.6 cm. These values are chosen to make a
Eq. (1), we haveD,=(1.3—2.0)x10 * andD,=(0.9-1.2)  full use of the space of the vessel in our experiments. The
X101, respectively. rotation period takes a value of 45 s in the experiment, that

(3) Geometric parameteG is determined by the actual is, 0.14 rad/s and corresponds 24 h in the actual atmospheric
size of natural typhoons, from which we determine the sizeprocess. Such a setup may provide enough space for the
of rotating annulus ané of the model typhoon. whole process of the interaction between two typhoons.

3

e represents values used in the experimental setup and sut 3!,:
|
|
!

a2 -

13— “T4cm

2

b 1
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FIG. 2. Vertical structure of the model typhoons. 0 0j5 1 1j5 2

/1,

A. Infrared heaters S . . .
FIG. 3. Temperature distribution of a single typhoon in a verti-

The infrared light bulbs required were chosen to be 12 Wcal section.
in power, according to the value &f (see Sec. Il Cand the
actual absorption rate of infrared energy by the cigarette B. Display and measurements
smoke. The absorption rate is calculated from the infrared
absorption spectrum of the smoke. With the help of a focus- For the visualization observing and taking pictures of
ing reflector, light beams of 1.8-2.0 cm in diameter will be yode| typhoons, the vertical and horizontal light sheets that
formed. On the plexiglass plate over the gas vessel, iS gy ahout 0.6 cm thickfor the horizontal onepand have a
central seam of 2 120 cnf, which is closely sealed with a power of 0.5 W, each are mounted on the platform. The light
film that is well transparent to the infrared light. Through theSheets are turned on only while taking pictures or during

sean; ths m{)ra(;eg rr;dlatlonk ent(re]rs thﬁ gas vessel an((jj bbservation of the flow field in order to minimize interfer-
mostly absorbed by the smoke where the energy is stored {9, - \yith the experiment. The horizontal light sheet that is

be used in hea_tmg_the surroundmg air in the later sta}ge. movable in the vertical direction, can illuminate the horizon-
The smoke is injected into the gas vessel by medical S

. o TS al circulation in the gas vessel separately in three different
ringe needles through the two special injecting holes near thﬁayers(with lower layer from 0.3—-0.9 cm, middle layer from
heating seam. The injecting holes will be automatically '

led th | h dles h b .0-2.6 cm, and upper layer from 3.3-3.9)cfor photog-
sealed themselves as soon as the needles have been wif phy. The vertical light sheet is used to display the flow

drawn, so the gas in .the vessel V.V'” not leak out. The. 'nJeCt‘?qield structure of the horizontal circulation in its vertical sec-
smoke has a very wide absorption spectrum band in the INfons. as shown in Fig. 2

fbra_red re_glo(;(W{tE wt?velength :ja_mge Qf ZHS_G‘&'E' queu Inside the gas vessel, along its radial lines, there are sev-
eing mixed with the surrounding air, the smoke wi eateral small thermal sensofd mm in diameter, which are

the air with th_e energy absorbed from mfra_red ra@auop andused to measure temperature distributions of the flow field in
at the same time, will clearly show the motion trajectories of

. . 4 . : the horizontal direction of a section at some predefined
the mixed air. Thus the basic flow field and helical structureheight In Fig. 3 temperature curves of a single typhoon, in a
of the formation of typhoons will be clearly visualized i ! y

[17.19 section with the height of 3.8 cm equivalent to the height of

. : 15 km (upper layey of an actual typhoon, are shown. The
It must be pointed out that the heating process after th%how s(inﬁ)iﬁar ten{p}erature distribu{ipz)ns y

smoke is injected into the vessel goes side by side with the
uniform counterclockwise rotation of the annulus at a pre-
scribed speed. The heating process lasts about 3—4 min. each C. Main parameters of experiments
time (it is relevant with the scale of the model typhgpand
the characteristic scale of the model typhoon formed is in the In rotating annulus experiments the values of main param-
range of 30—40 cm. eters would have to satisfy these criteria of dynamic similar-
The intensity of infrared heater can be adjusted by varyity, geometric similarity, and similarity of boundary condi-
ing the supply voltage. When the value of applied voltage igion, the variation range of parameters as shown in Table II.
belov 4 V the corresponding electrical power of heater isNote that it is mainly dependent dty,, D, andG, of course,
below 10 W. In such case the model typhoon cannot form iralso relevant with other criteria. So, it is not easy carrying
the time interval determined by the time similarity criterion this kind of experiment, especially using the gas as experi-
Ho. mental medium.

TABLE Il. The variation range of main parameters in experiments.

Parameter U, (cm/9 L. (cm) Hge (cm) te (9 Ppu (W)

Range of values 2-3 30-40 3-3.9 180-225, 120-150 10-12
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large-scale, low-frequency atmospheric flow the drifting
speed has an effect on the stability of vortex; see, EL§]).
The whole process is similar to typhoons in nature, which
keep moving along their original path under the action of
environmental air streams or offset forces due to the Coriolis
effect. Finally, the two typhoons will collide with each other.
It must be pointed out that for one-dimensional or two-
dimensional solitons with a simple structure, one may set
different traveling wave speeds Kdirection to realize the
mutual collision of two solitons in a numerical simulation.
However, this method will not work for typhoons with very
complicated structures and dynamic processes. The method
used in our experiments can make two model typhoons drift
with relatively different speeds and, therefore, make them
interact with each other without an external source. It is
proved to be effective.

B. Collision of model typhoons

Figure 5 shows 32 pictures taken in the laboratory, which
are able to demonstrate the whole process of the collision
between two model typhoons at various sta¢@®ong 32
pictures we take the first one in Fig. 5 as the starting time in
a procesk

Figure 1) shows two model typhoons. They are almost
of the same size in their scale. The convergence of vortices
and cloud bands of different helical structures are clearly
shown. Together with an anticyclone motion outside the ty-
phoons, which can hardly be made out in the pictures due to
IV. EXPERIMENTAL RESULTS very weak smoke trace@nd which would also agree with
the anticyclone motion for typhoons in the Southern Hemi-
sphere, Figs. 52)—5(6) show the process when the two ty-

Two infrared heaters located in tlkeaxis are separated by phoons approach each other along xhaxis. Their interac-

a distancel >2r,, wherer, is the maximum radius of a tion begins when the distan¢detween the two typhoons is
single typhoon. Some amount of smoke is carefully injectecequal to about 21, and the helical cloud bands outside of
into gas vessel while at the same time the annulus starts the typhoons start to combine with each otfEig. 57)].
rotate with a predefined speed. During this process, the infhe interaction becomes more and more intensified When
frared radiation energy was absorbed by the smoke, in turrgetting smaller, as shown in Figs(8—5(13). When| be-

the surrounding air was heated by the smoke. A large-scaleomes equal to or slightly less than fdy1 the two typhoons
helical (or vortex structure began to take its shape gradually.start rotating around each other, and finally merge into one
As a consequence, the model typhoon appeared having thregth their eyes getting obscure as shown in Figel1b-
different regions, among them the central region was the eyB(13). After that, their profile assumes an elliptic shape,
of the typhoon where the air went down. The region sur-which is so-called autospinning of typhoof0], as shown
rounding the eye was a strong upward cyclone circulationn Figs. 514)—5(16). When| approaches zero, the eyes of
and the outmost region was a place for an anticyclone circuthe two typhoons merge completely into one, which becomes
lation and helical cloud bands. It can be seen that the flowthe only identifiable eye one may see inside the combined
structure and its dynamic characteristics of the model tyvortex, but keeps its cyclone motion, as shown in Figs.
phoon were the same as those of the natural typhoons th&€17)—5(19). Gradually, a separation process starts to show
one may see in satellite cloud photogragkfy. 4). As the itself at first, the overall shape remains to be as a merged
next step of the experiment, the two model typhoons wer@ne, with the two inside typhoons rotating around each other:
allowed to develop into the mature stage, and then the twthen one sees two eyes showing themselves from the merged
infrared heaters are moved alomgaxis. As a result, the typhoon[Figs. 520)-5(22)]. After that, the merged typhoon
outmost regions of the two model typhoons got closer tdbegins to separatgrigs. 523)-5(26)], and the respective
each other. Then at a certain stage, the infrared heater at thelical structures of two typhoons are recoverggs.

left side was removefFig. 59)] while the left typhoon con- 5(27)—5(29)]. One can clearly see the helical cloud bands
tinued moving rightwards at the drifting speed. As soon asand cyclone motions of two respective typhoons in the re-
I<ry/2, the other infrared heater, i.e., the one on the righgions outside of their eyes.

side, also ceases workirifig. 513)] and the right typhoon After that two typhoons moving alongaxis on opposite
continued moving leftwards at the drifting spegél] (in  directions are completely separated as shown in Figf)5

120°E ) " 140°E

FIG. 4. Satellite photographga) A single typhoon;(b) two
typhoons close to each other.

A. Method of experiment
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FIG. 5. Laboratory experiment of the collision between two model typhoons.

5(32). Those are the main results of our experiment. Eacmear to (0.8—1.0), apart as measured by their center dis-
experiment takes a lot of effort and the success of each exancel (pictures 11-13 in Fig. 5 and the right side heater
periment hinges on a number of factors, such as the amoumtas removed wheh<r /2 (pictures 4-16 in Fig. 6 Then

of smoke to be injected, the duration of heating, and thehe interaction of the two model typhoons took place without
speed of movement of the two infrared light sources. The lefany external heat sources. The left model typhoon may drift
side heater was removed when the two model typhoons comebout a distance of (0.9—1r4). If they are not driven to the
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FIG. 5. (Continued.

distance ol <r /2, their latent heat accumulated may not betwo disk days after heating another model typhoon, so that

enough to sustain their drifting while keeping their helical these two typhoons formed in such a way will have different

structures. strength. In general, such model typhoons cannot separate
Actually the KdV soliton, the Rossby soliton, or the ac- after they come into collision with each other.

tual typhoon in nature continue accumulating energy after (5) Varying displacement speed of model typhoon. After

their formation to sustain their soliton profiles. It is indeedtheir merging, the two typhoons cannot split successfully if

very difficult in the experiment to realize the instructions their respective drift speeds are very different, for example,

only by the drifting movement of model typhoons. one has 0.5 cm/s and another has 1.0 cm/s before colliding
with each other. The collision experiment had been repeated
C. Brief explanation of experiments 12 times, of which clear separations were observed 7 times.

From Table | we know that all the similarity parameters,
with the exception of Prandtl number Pr, cannot be varied
independent of each other, for example, when varying the The merger of two typhoons after interaction and their
characteristic lengthof a model typhoon, the six parameters rotations around each othgt1] have been extensively veri-
will be changed at the same time. Similarly, varying Coriolisfied by many satellite cloud photograpf2,23. However,
parametef will change all these parameters, such as Ro, Ekhe process lasts for very short time, which makes it rather
andH,. For the sake of illustration we will give a summary difficult to observe it in nature. No satellite photographs have
explanation of experiments with different ranges of parambeen obtained to show the whole process, which renders
eters as below. even more importance to our experiment. In order to avoid

(1) Varying the rotating speedh (rpm). When n  the influence of the background flow field and the terrain, the
<(0.5-0.6)(rpm), the eye of model typhoon cannot betop and bottom plates of the gas vessel are made of plexi-
formed; whemn>3(rpm), the helical structure of model ty- glass. When the two model typhoons start to merge, the two
phoon differs from normal typhoon and its structure is veryinfrared heaters are consecutively removed with a bit interval
instable. of time. Our experiments simulate the state of the natural

(2) Decreasing the heating electrical poviRgy,,(\W). The  typhoons when Coriolis force, centrifugal force, and the
proper heating powePy,, is about 12 W, when th@y,,,iS  force due to air pressure gradients come to an equilibrium
between 8 and 10 W, the entire time that is needed to form and the rotating atmospheric system is governed by the fol-
mature model typhoon will extend to 5-6 disk day from 3 lowing equation:
ones. If thePy,, is below 8 W it is very difficult to form a
model typhoon. S 1P

(3) Varying the size of model typhoon. In collision ex- T+f"N:; ar ©
periments of two model typhoons; andr, denote their
respective radii: Wherr;<2r, or r,<2rq, they cannot So the two model typhoons move along their respective
separate from each other after colliding. The maximum raoriginal directions with the drifting speeds and are made to
dius and minimum radius of model typhoons are about 2@ollide without external heat sources. Our laboratory experi-
cm and 10 cm, respectively. ments show that the separation does happen after a merger of

(4) Changing the strength of model typhoon. Varying thetwo typhoons and their helical structure and essential shape
heating duration of a model typhoon can change theiare restoredfor a typhoon its structure is more meaningful
strengths. For example, we start heating one model typhoothan its shape It means that the typhoon follows the similar

V. RESULTS AND DISCUSSIONS
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basic dynamic characteristics of solitons. In other words, atructures after collision2) relatively long life, (3) a local
typhoon is a large-scale soliton with helical structures. structure as the result of dispersion, dissipation, and nonlin-
In fact typhoons in nature do have large-scale helicakar actions. These three features strongly suggest that ty-
structures, with a longevity of about 6 days. Usually they argphoons are large-scale three-dimensional helical solitons in
rapidly broken down as soon as they have made a landfalhature. At the same time, it is expected that the concept of
Some typhoons with longer longevity are also reported, howsoliton will be extended to be able to describe the kind of
ever, such as the Ginger hurricane in Atlantic in 1971, whichvery complicated natural phenomena such as typhoons.
lasted as long as 1 month, which shows that the helical struc-
ture of the typhoons is fgurly stlab.le. . ' . ACKNOWLEDGMENTS
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