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Abstract

We study the rotsting mass held by a light spring in a horizontal plan with a methemastical model. The mass
may rolate circularly in the equilibrivm kength. Il we perturb the spring length from the equilibrium while con-
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exhibil dilTerent polygonal struciure. Numerical expenmenlts sre summmanzed with non-dmmensions] parumeters of
space mAd fime. We use the roiating spring in interpret the typhoon asymmetrical polygonzl eyewall phenomena
The corresponding pressure force oscillation in the polygonal fyphoon is in analog to the elastic force variation in
{be gpring. The resulls highlighi the importance of pressure foree varialivns in polygonal lyphoon ssymmeirics.

1. Introduction We use the 4™ order Runge Kutta method and

On 12 September 2003, program the model in MATLARB to integrate the
satellite images of Atlentic o model. Note that the initial position of x,, and p, define
Hurricane Tzabel indicated in the initial stretched length of the spring 7;. The initial
cloud observation a remarkable velocity, combined with the mass and the initial
pentagonal pattern of small stretch 7, yicld the angular momentum L of the systom.

vortices in the Tubel's eye (Fig 3. Model Result and Analysis
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There are five variables I, r;, ry, & and m in onr

L LuhXILLL

Other sate]hte picture ng 1b

indicated a trigonal structure in. - problem. According to Buckinghem Pi theorem, the
Typhoon Nari. The polygonal . resultscsnbesummmdbyafunchononlyoftwo
structures, commonly observed, non-dimensional variables. The two veriables wm out
are important in typhoon inten- mberehtedmﬁmeandspaee;oneisﬂlemmﬁmﬁme
sity changes. The patterns have in circular path measured in unit of the spring

oscillation time and the other is the perturbed spring
lcngth from cquilibrivm in vnit of 2pring original
kength.

The equilibrium length * ol the spring
under the rotation satisfics the relationship ,

been previously produced
within 8 fume work of lwo-
dimensionsl baroiropic model
{Kossin and Schubert 2001).
The swing spring is & simple mechanical device
that exhibvits complex dynamic of muhiple time scales.

Dlxmlmmnmhcltyandyetnchdynmcs,ﬂlesysm re
can be served 23 a tool to understand the atmoenheric ote that mass path is circolar when the

motienz. For example, Lynch (2003) uses the swing mlsprmglenslhntheeqm]ibnumlengtb.']‘hg
spring, or the elastic pendulum, to illustrate the  reference rotation time (in equilibrivm circolar path)
atmospheric Rossby wave triads, resonance, and chaos. “:mm“ and the period of spring oscillation
To understand the asymmetry phenomena (Fig. Dina  “t ..~ are:
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strong rotating typhoon, our approsch is the rotating ;ﬂ-m‘ :_._,,:2:{'—_'
spring in a horizontal plan. We, in this work, try to ¥
draw analogics between the polygonal structures of The non-dimensional variables of time and space
typhoon’s cyc and that of a rotating spring in a Ses Ko bawe _ ¥ E—r"-
horizontal plan. . =
- L E ‘
2. Model Equations When the initial spring length is not the same s

_ Our system consists of a  the equilibriom length (i.e. N*0), polygonal peth of
e ¥ romting heavy mass m with an the resulted. Examples of polygonal track are
“/ o ¢ anpular momentum L from a fixed given in Fig. 3. These sharp features are produced
65656‘ point in a horizontal plan (Fig. 2). wheanslarF(]srgemmallength) Wemeﬂ:etnrm

lmm]ﬁmﬂ.u}'almspﬂng wa\'-umnerlutwstmne prﬂllﬁl'ﬂ, u.n' exllmple

mmu (spring constant &, spring length r,, hexagonal path is said to have wavenumber 6.
and zero mass) which can stretch

Wavenumber 4 Wavenumber G Wavenumber 7

The governing equations in Cartesian coordinate : | = A .
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Thesyslmnnanmitialvalmprublﬂmtbe
solved with a specification initial », ¥ position and . .
initial velocity do/dl, dy/dh. Fig. 3. The potsarms with diffareat waverember svodeled.




Typhoon asymmetries and the rotating
spring with multiple time scales

The pattern or the wavermmber can be counded by
the number of the peaks slong the track in a cycle. The
Fourier analysis of the perturbed length time series can
also be uscd. An cxample of wavcrumber 7 pattern
and its Fourier analysis is given in Fig. 4.

Fig. 4. The waveuwmaber 7 result it plrynicel (Lai¥) sud spectral (right)
spacca. The apectral spece: calculation i by Fouricr Trassfora:.
Figure Sa shows the modeling wavennmber of

the rotating spring as a fnction of K, N variables. Fig.
5b 15 the ratio of our experimental wavenumber and K
#s a Junction of K, N. When N is sulliciendy small
(N<0.2), the pattern of the polygonal wavenumber is
preciscly predicted, and highly adhere to the K value.
Nevertheless, when N is large, the nonlinear effect can
lead to the predicted wavenumber diverging from the
lincar expectation.
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Fig 5. (qmmmwmmmam
lasger wavemamber, and the bios lass. {b) The ratios of the wavensmber
betwoon mmodeling end K. "Il ratios af the sitostions in the xroos pert
wre closc 4o ams.
4, Polygonal Typhoon and Rotating Spring
Kossin and Schubert (2001) argued from a simple
two~dimensional barotropic model that the presence of
the polypgonal cycwall may be duc to the presence of
the small vortices at the edge of the eye. These vortic-
€3 can be resulted from the wind shear instability near
the edge of the eye. Satellite observations appear to
support the theory. Here we reproduced the theoretical
resulis in a double Fourier spectral model.
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Fig. 6. (x, c) The typhoon polygonal wyewall at 360 amd 1245 mrimnbes
mapcctively, madeled by Prof. Kwo's rescarch groop. (B, d) The rotat
-ing spring wrack (K=2 6 N=031) and (K=5, N=0-27) , which posses
wavenamber 3 amd 5.
The left panel of Fig. 6 gives the pressure ficld
(in color) and the stream function of the typhoon at
times of polygons] eye.

The stream function represenis the line of
instantaneous air motion and show the trigonal
{pentagonal) strocture with several vortices in deep
bluc color near the cyc cdge in Fig. 6a (Fig. 6¢).

The vortices are associated with the low pressure
center if they were not collapsing. The stream function
negr ¢ye edge exhibits polygonal pattern; which
resembles a track of rotating mass in the right panel of
Fig. 6.

In the polygonal eyewall, there are vortices with
lower pressure at the edge. When an air particle flows
negr the vortex, it may be pushed out becase the pre-
ssire in the center is larger than the vortex; likewise,
when the particle lcaves the vortex, it may be pulled in
by the pressure difference. The pressure variation
along the edge of the typhoon eye is similar to the
elastic foree variation in the rotating sprinp system.

5. Summary

We have studied the rotating mass held by a light
spring in horizontal plan. The mass exhibits a
polygonal structure track in the presence of the spring
clastic force and the rotating angular momentum. The
results can be summarized by two non-dimensional
time and space variables. Barotropic calculations of
polygonal typhoon eyewall suggest the existence of
vortices and low pressure centers at the eyewall edge.
The gir flow around the edge of the typhoon eye will
experience a variation of pressure gradient force (pull
in and push out), which makes the stream [unclion at
the eye edpe of typhoon appears polygonsl in shape.
Thus, the physical process is gimilar to the rofating
spring we study; both systems are rotating and the
alternating pressure pradient force in typhoon
asymmetries is anulog W (hat of the elastic foree in our
rotating spnng system. The asymmetries may be
important tin fyphoon intensity chanpe. A dynamical
equivalence with o snnple mechanical sysiem sheds
light on the wm of typhoon polygonal eye
structure. IL highlighls the importance of Lhe Iow
pressure ceniers and vortices near the polygonal eye
edge Without these amall vortices, it iz difficult 1o
vizion such an inhomogeneous pressure gradient cs
exist in the eye edge. Theu'iginmd&nestabiljtyof
the vortices will be studied in the future.
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