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An analytical model on the simulation of the wind field in a typhoon

boundary layer
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SUMMARY

An analytical model has been developed for calculating the velocity field in a moving typhoon
boundary layer. The present model has an upper inviscid region of cyclostrophic balance and
a lower friction region controlled by surface drag coefficient and eddy viscosity. The velocity
in the inviscid region is Ifirst. described using an assumption that wind field moves with
translation velocity of typhoon. A perturbation analysis is then performed to obtain the
tangential and radial boundary layer velocity in the friction region. Validation of the model is
carried out by comparing observed wind speed and direction records obtained from three
typhoons in 1991 to those predicted by the model itself, The wind velocity and direction
predicted are in good agreement with those observed at a one—'hundr*ed metre tall tower. Rapid
variation of the wind velocity depends on the surface roughness and topograpy around the
tower. Finally, a case study is conducted to examine the characteristis of the ratio of surface
to gradient wind speeds G(r) and the inflow angle 7 in the typhoon boundary. Previous
typhoon observations data in coastal regions are well explained by this model
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(Coordinate system in vertical direction)
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(Coordinate system in horizontal
direction)
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Fig. 3 SEOMEEE
(The traces of typhoon Caitlin (T9109),
Kinna (T9117), Mirreille (T9119))
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Table 1 BASSA-y0—%
(Summary of parameters used in three
typhoon simulations)

naws date  time Istitude lecgitude c Pe dp Tm
(.8.7) (J.5.T) (deg) (deg) (deg) (n/s) (hpa) (hpa) (km)

' 8 32.8 127.8 55.31 T.51 948.3 64.7 87.88
9 330 128.0 5456 7.58 950.0 63.0 83,45

10 33.2 128.2 §5.43 7.50 950.0 63.0 79.11

11 33.4 128.3 55.4% 7.49 950.0 63.0 78.79

12 33.6 1285 54.43 8.16 950.0 63.0 79.33

T9109 91.07.29 13 33.8 128.7 54.80 8.88 951.7 61.3 8260

14 3.1 128.9 54.87 8.87 953.3 59.7 87.79
15 34,3 129.1 52,25 0.77 955.0 58.0 88.95
16 34.6 129.4 50.60 10.80 956.7 56.3 77.25
17 34.8 120.6 50.70 10.58 958.3 54.7 83.69
18 35.1 129.9 52,92 10.46 960.0 53.0 91.32
0 30.9 128.70 70.58 10.30 955.0 58.0 43.36
1 31.2 128.80 7102 10,92 956.7 56.3 48.26
2 316 120.00 71.08 10.91 958.3 54.7 49.90
3 3.9 129.10 63.51 12.58 960.0 53.0 55,56
4 32.3 129.40 57.71 14.61 962.5 50.5 55.36
T9117 91.09.14 5 32,7 129.70 53.74 1532 965.0 48.0 51.09
6
7
8
9

33.1 130.10 55.51 13.68 970.0 43.0 56.19
33.4 130,30 63.57 11.54 9073.3 39.7 57.24
33.8 130.50 63.66 11.53 976.7 36.3 52,30
4.1 130.70 43.98 14.17 980.0 330 65.62

10 34.4 13130 32.78 19.22 981.7 3L.3 73.72
10 30.3 127.9 62.33 15.15 935.0 78.0 67.06
11 30.8 128.1 62.44 1513 935.0 7.0 71.78
12 3L.2 128.4 60.53 15.24 935.0 8.0 75.12
13 3.6 128.7 59.66 15.55 935.0 78.0 77.97
14 32.1 120.0 59.78 15.54 935.0 78.0 77.20
T9119 91.09.27 15 32.5 129.3 5L.12 14.49 935.0 780 77.9
16 32.8 129.7 §0.08 17.13 940.0 73.0 85.43
17 33.4 130.2 55.77 20.55 942.5 70.5 88.65
18 33.9 130.6 52.06 21.17 945.0 6B.0 B80.53
19 344 13L2 48.10 21.90 045.0 68.0 B87.33
20 35.0 1317 48.23 21.84 945.0 68.0 88.13
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Table 2 BI:OEGEFHEESC BT BHEE 2,0m)
(Roughness length zp(m) in previous
proposals and loading codes)

Terrain |Davenport| Counihan | Fieringa| ECCS |Choi, Kanda
Category| 1963 1975 1986 1987 1990
0.0002 | 0.0004 0.002 0. 0005
I ! y t 14 0. 005 !
0.004 0.02 0. 006 0.04
0.01 0.01 0.03 0. 003
I . ! 4 0.07 !
0.06 0.2 0.17 0.2
0.2 1.0 0. 24 0,1
i 4 4 ! 0.3 4
0.9 L5 0.75 L0
0.4
v .12 L0 !
1.0 L0 2.0
l 14
5.0 4.0 L5
v L6 2.5 i
1.0
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Fig. 10 &M TOL17 DfR#E, FEOa 5l & HlED
LSihEia
(Time variation of the computed by
using calibrated equivalent roughness zo
and observed wind velocity and direction
for typhoon kinna (T9117) ; solid line,
computated ; square, observed)
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Fig. 11 &R TO119 of#, RED5E(H & BilEoD

BERZE{ L

(Time variation of the computed by
using calibrated equivalent roughness z,
and observed wind velocity direction for
typhoon Mireille (T9119) ; solid line,
computated ; square, observed)

4. BREFIDLE
HERDOEFNOMBRERSMT B 120, BRE
FLORBHEETIZ it U, oz s L
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G@=G(e+(Glz) -GN eapl(1- N1~
P P

(25)
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Fig. 12 FUHOE{E & BE & o8t
(Comparison of wind velocities computed
by using present model and observed

data)
360 T T T T T
‘;:‘; a  T9109 .
3 o 1917 .
8 L T -8
S i A
kS
| 180
~
kS i
= ] R
T 9 8
3 i
ST ]
a"‘ o 1 1 A L
0 o0 180 270 360

Observed Wind Direction (deg.)
Fig. 13 MEOFHEE & SIE & o

(Comparison of wind directions computed
by using present model and observed
- ‘data)

FLOLRMEBXMTEBRB I, BT, TOEFIL
2ET N1 (model — 1) LI, AP TEHONIE
LAREEE T2 (model ~2) &9 3, HBEtEDN
RIEBERTILIDHM T ~2 & Ui, HBIRAWAES
5 A — i3 Table. 1IZiRT, EEHS COREVR)
& LR & OBIFRIS BAREFLA4RR L RORD b
1]

v2)=E" 2V/E"10yg (26)
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{The radial distribution of wind . speed
for the typhoon Mireille (T9119) ; symbol,

observed ; solid line, simulated using
model—1)
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Fig. 15 AR T8 O F#. REOKMZE{kic>WT
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(Comparison of time variation of the
wind velocity and direction computed by
model — 1 and the present model)

KHB. TIT, vgldifi L 1I0mOBE TORMEEEL,
EV, B3 ZHMENT, TNEN 148, 1.200% L 5,
Fig. 143 BATIIDEFN LIt X BETERRERL

Annual Max.

50

- Model-1 | B
g % <~
2 30 i Wial -
§ 2 ’_.-' //ﬁ\
v Model-2

5 s
= 10 /<

after Tamura et al.(1992)

0 | | I

2 0 2 4 6 & 10
Reduced Value -In{-In(F(v)))
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(Contours of surface wind velocity
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calculated wusing the present model.
Streamlines are also presented)
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(Ratio of surface to gradient wind speeds
in various orientations calculated using
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(Inflow angle 7 of surface wind in
various orientations calculated using the
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