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Abstract

In this research, we extend the work in Smith(1993, 1997) to generalize the scaling
laws for vortex energy dispersion and drift speed to include the influences of variable
vortex profile and meridional shear in the zonal environmental wind. The vortex
profiles used in barotropic model are DC vortex (DeMaria and Chan, 1984) and
modified Rankine vortex. The physical problem of beta-drift and vortex energy
dispersion we consider here has 7 parameters; drift speed Vj, vortex energy dispersion
AE , maximum tangential wind speed in the vortex V,,, the radius of maximum wind
rm» planetary vorticity gradient /3, the integration time t and the shear in the zonal
environmental wind du/dy - The use of dimensional analysis reduces these 7

parameters to 5, and a non-dimensional exponent related to the decrease of wind speed

with radius in the outer part of the vortex; non-dimensional drift speed VJ ,

non-dimensional vortex energy dispersion AE , Rossby number B , non-dimensional

time 7, non-dimensional horizontal shear S and non-dimensional exponent b and
« . In this research, we attempt to obtain the following scaling laws.

1. Scaling laws for vortex energy dispersion and drift speed.

2. The influences of vortex structure on the scaling law.

3. The influences of horizontal shear on the scaling laws.

There are three groups of experiments in this research. The non-dimensional drift

speed and non-dimensional vortex energy dispersion are given by VJ =VJ (z,b, B*) >

AE" =AE*(2', b, B*) and AE" =AE*(T, b,Vc;k ). In group 1, we examine the case with

no horizontal shear (S=0) and investigate the scaling laws for a range of Rossby

number, vortex profile factor b and non-dimensional time 7. In group 2, we replace

v



b in group 1 with «. In group 3, we fix the vortex profile (b=1) and investigate the
scaling laws for a range of Rossby number, horizontal shear S and non-dimensional
time 7.

From the scaling laws we have the following conclusions:

1.  When non-dimensional time is fixed with no shear, non-dimensional energy
dispersion is large with small Rossby number.

2. When non-dimensional time, beta, vortex profile and circulation are fixed with no
shear, energy dispersion is large with large radius of maximum wind speed.

3. When integration time, beta, vortex profile and circulation are fixed with no shear,
energy dispersion is large with large vortex maximum tangential wind speed.

4. When non-dimensional time, beta, maximum tangential wind speed and radius of
maximum wind speed are fixed with no shear, energy dispersion is large with small
vortex profile factor.

5. When non-dimensional time, beta, maximum tangential wind speed and radius of
maximum wind speed are fixed with no shear, Rankine vortex has less energy
dispersion and larger drift speed than DC vortex with b=1.

6. When non-dimensional time, beta, maximum tangential wind speed, radius of
maximum wind speed are fixed with b=1, energy dispersion is large with large
horizontal shear.

7. When non-dimensional time is fixed with no shear, non-dimensional energy

dispersion is proportional to the square of drift speed.

Key words : scaling law, vortex energy dispersion, drift speed, Rossby number,

horizontal shear
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Z 1-1:1984~1992 £ e h 2 = <~ R BH B HF B~ g AV IUE T304 2§ -

(4% A Ritchie and Holland, 1999)

[arge-scale No. of Avg. genesis
flow patterns genesis events location
Monsoon shear line 84 (42%) 13.7°N, 134.2°E
Monsoon gyre 5 (3%) 23.2°N, 152.9°E
Easterly wave 36 (18%) 12.0°N, 149.0°E
Confluence region 58 (29%) 14.1°N, 140.8°E
Energy dispersion 16 (8%) 16.3°N, 135.5°E
Total 199 14.0°N, 139.4°E
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% 31t @ kThormE % DCE st fkbnimy » k| > L2 K74
Fl SRR R E o Vy B R T RS R AE" 7 % & F=% iR AR AT
GROB ARLide B g kg Aud Tk KT =a/a
Cp=Cxg ™ o

V) =cB™ AE"[r=c,B®  AE'[r=cV;®  AE[r=cV

b G N C & G & Cy &y
1.33 1.55 0.40 4.75 -1.53 26 -3.82 25 -3.80
1.2 1.64 0.40 2.00 -1.38 10 -3.42 11 -3.45

1.0 1.82 0.40 0.36 -1.04 1.7 -2.60 1.7 -2.61
0.8 1.85 0.42 0.83 -1.17 4.2 -2.76 4.7 -2.79
0.66 1.46 0.48 0.40 -1.03 0.9 -2.13 0.9 -2.14

all 1.67 0.42 1.03 -1.23 4.3 -2.91 4.5 -2.93
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%32 k431 i AT SAKFEENT S E -

Vy =cB"a AE [r=C,B®  AE'/r=cV,®

b G Cl %) =) G &
1.33 0.86 0.5 0.21 -1.0 0.16 2.0
1.2 0.91 0.5 0.21 -1.0 0.18 2.0

1.0 1.00 0.5 0.28 -1.0 0.28 -2.0

0.8 1.15 0.5 0.30 -1.0 0.40 -2.0

0.66 1.32 0.5 0.33 -1.0 0.58 -2.0

all 1.03 0.5 0.27 -1.0 0.29 -2.0
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% 33 @ kTR R mBoifREESKke PR R 0 Uk 2 Lz RE R T
ER S it u VJ a R FIORES TR AE*/T & & FF R R
$gie &0 B* PR god e & 3% Gy~ Hld F ok "{[:‘/75'°a4:a2/a1 ’
Cy=CyXC e

V) =cB™ AE"[r=c,B®  AE'/r=cV;®  AE[r=cV

a G =l %) =) G & Cy 3y

1.0 0.40 0.72 0.07 -1.20 0.25 -1.66 0.26 -1.66
0.8 0.39 0.77 0.32 -1.35 0.39 -1.75 0.39 -1.76
0.6 0.37 0.83 0.44 -1.37 0.47 -1.63 0.50 -1.65
0.5 0.32 0.87 14.2 -1.71 1.58 -1.93 1.60 -1.94

all 0.37 0.80 3.14 -1.41 0.53 -1.75 0.55 -1.76
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% 4-1:DCiF g S 8cb=1 P& » sk T R 7 SenF k¥ > do] 3 L RE

8= /8 Cy=CyxG " 0

V) =cB™ AE"[r=c,B®  AE'/r=cV;®  AE[r=cV

Sx100 C a c, & C & C, a,
4 0.63 0.73 0.74 -0.96 0.37 -1.31 0.40 -1.32
2 1.30 0.56 0.41 -0.94 0.31 -1.49 0.63 -1.68
1 1.71 0.45 0.34 -0.97 0.65 -2.00 1.07 -2.15
0 1.82 0.40 0.36 -1.04 1.67 -2.60 1.73 -2.61

-1 3.59 0.24 0.22 -1.00 31.4 -4.04 46.4 -4.18

-2 6.10 0.25 0.25 -1.12 18195  -6.00 39828  -7.00

all 1.95 0.42 0.35 -0.97 1.39 -2.28 1.58 -2.32
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% 42 F% 41 i AFXSEAEEDREE -

Vy =cB"a AE [r=C,B®  AE'/r=cV,®

Sx100 ¢ a c a, C 3
4 2.40 0.5 0.93 -1.0 5.39 -2.0
2 1.85 0.5 0.58 -1.0 1.97 -2.0
1 1.27 0.5 0.40 -1.0 0.65 -2.0
0 1.00 0.5 0.28 -1.0 0.28 -2.0

-1 0.76 0.5 0.23 -1.0 0.13 -2.0

-2 0.76 0.5 0.24 -1.0 0.14 -2.0

all 1.22 0.5 0.39 -1.0 0.58 -2.0
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1.5 k. Hurricane Drift Speed
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