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T 故n

gx ia n g (田永祥 )

N a n
ji

n g In stit u te o f M
e te o r o lo g y

,

N a n
ji
n g 2 1 0 0 4 4

R ee e iv e d M
a r e h 1 5

,

1 9 9 5

A B ST R A C T

T h e t r o p ie a l e y elo n e m o tio n 15 n u m er ie ally sim u lat ed w ith a q u a si
一
g e o s t r o p h ie ba r o e lin ie m o d e l

.

T h e flo w fie ld o f a t r o p iea l e ye lo n e 15 d ee o m p o se d in t o its a x is ym m e t r ie a n d a sy m m e t rie e o m p o n e n t s
.

T h e r e la tio n b e tw e e n t he v e n tila tio n flo w v e e t o r a n d the m o tio n v e e t o r o f th e t r o p ie a l e ye lo n e 15 in v e s -

tig a t e d
.

T he r e s u lts o f n u m e riea l e x p e r im en ts in d ie a te : (l) T h e r e a r e bo th la r g e 一 se a le be t a g y r e s a n d

sm a ll
一se a le g yr es in th e a s ym m e t rie flo w fie ld

.

(2 ) T h e in te r a et io n be tw ee n sm a ll
一s ea le g yr e s a n d

la r g e 一 s e a le be t a g y r e s le a d s t o th e o s eilla tio n o f tr a n sla tio n sp ee d a n d t r a n s la tio n d ir e e tio n fo r t he t r o p i
-

e a l e ye lo n e
.

(3 ) T he r e a r e the la r g e d e v ia tio n s b e tw e e n th e v e n tila t io n flo w v ee t o r e a le u la te d by

m e a n s o f F io r in o a n d E lsb e r ry
’

5 m et ho d a n d the m o tio n v e e t o r o f t r o p ie a l e ye lo n e
.

(4 ) T he v e n t ila
-

tio n flo w v ee t o r eo m p u te d u sin g th e im p r o v e d m eth o d e lo se ly eo r r e la t e s w ith th e m o tio n v e e t o r o f t he

t r o Piea l e y elo n e
.

K ey w o r d s : t r o p ie a l ey elo n e
,

la r g e 一se a le b et a g yr es
,

s m a ll
一 se a le g y r e s

,

v e n tila t io n flo w m o t io n

1
.

IN T R O D U CT IO N

In the m id 1 9 8 0 5
,

C he n (1 9 5 5 ) s u g g e s te d th a t th e t r o p ie a l ey elo n e s t r u e tu re w a s a n irn
-

p o r ta n t fa e to r in flu e n e in g it s t r a n sla tio n
.

L a t e r
,

C ha n a n d W illiam s (1 9 8 7 )
,

Fio r in o a n d E ls
-

b e r r y (1 9 5 9 )
,

L i a n d Z hu (1 9 9 0 ) in ve s tig a te d ho w th e tr o p ie a l e y e lo n e s t r u e t u re a ffe e t s its

tr a n sla t io n w ith a n a lytie a l a n d / o r n u m e r ie al m od
els

.

It sho u ld b e s p e e ially p o in te d o u t tha t

Fio r in o a n d E lsbe r r y (1 9 8 9 ) n u m e r ie ally s im u la te d t r
叩ie a l ey elo n e m o t io n w ith a q u a s i

-

g e o s tr o p h ie b a r o tr o p ie m od
el a n d d e e o m p o s e d the t o t a l s tr e a m fu n e t io n in t o its a x is ym m e tr ie

a n d a sy m m e t r ie e o m Po n e n t s
.

T h ey d is e
ov

e r e d th a t th e v e n t ila tio n flo w v e e to r d e te r m in e d b y

th e la r g e 一s e a le be t a g yr e s in th e a s ym m e t r ie fl o w field w a s e lo s ely e o r r ela t e d w ith th e m o tio n

v e e to r o f the tr o p ie a le y elo n e
.

N e v e r the le ss
,

th e t r o Pie a l e y e lo n e s im u la t e d by Fio r o n o a n d E ls
-

b e r r y o n ly m o v e d t ow a r d th e n o r th w e s t in a u n ifo r m a e e ele r a tio n
.

T ia n a n d L u o (1 9 9 4 )
,

T ia n (1 9 9 4 : 1 9 9 5 ) n u m e r ie a lly sim u la te d the tr o p ie a le yelo n e m o--

t io n w ith a q u a si
一

g e o s t r o p h ie b a r oc lin ie m od
e l

.

T h e r e s u lts in d e a t e d tha t th e r e w e r e b o th th e

la r g e 一 se a le b e t a g yr e s a n d th e s m a ll
一 s e a le g yr e s in th e a sym m e t r ie flo w fie ld o f the m od

el t r o p i
-

e a l eyelo n e : a n d tha t the t ra n sla t io n s p e e d a n d d ire e t io n o f tr o p ie a l ey elo n e aPPe a re d o bv io u sly

o s e illa t o r y a n d v a e illa t in g
.

T h e p r im a r y g o a l o f this r e s e a r eh 15 t o fu r t he r ela r ify the fo llo w in g :

T h is w o r k 15 s u p p o r te d b y th e sth Fiv e 一
Y e a r Pr o

j
e e t o f K e y Ite m R e s e a r e h o f C hin a u n d e r G r a n t 8 5

9 0 6
一
0 7

一
0 2

一
0 4
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(1 ) H o w th e sm a ll
一s e a le g y r e s a ffe e t the t r o p ie al e yelo n e m o tio n

.

(2 ) W he th e r o r n o t the e o rr ela tio n be tw e e n ve n tila tio n flo w v ec tor e a le u la t e d by m e a n s o f

F ior in o a n d E ls b e r r y
’

5 m e thod
a n d the m o t io n v e e t o r o f the t r

op ie a l eyelo n e w o u kl s t illb e elo s e

if th e in flu e n e e o f sm a ll
一 s e a le g yr e s 15 in v o lv e d

.

(3 ) H o w the m e thod
o f e o m p u t in g the v e n t ila t io n flo w v e e t o r sh o u ld be im p r o v e d if the

a b o v e e o r r ela t io n w e a k e n s
.

11
.

N U M E R IC A L MO D E L

W e a s s u m e tha t P 。
= 1 0 0 h Pa a n d P

。
= 1 0 0 0 h Pa a r e th e u p p e r a n d lo w e r b o u n d a r ie s o f

th e m od
el a t m o s p h e r e

,

r e s p e e t iv e ly
.

A n d th e m od
el a t m o s p he r e 15 e q u a lly d iv id e d in to th r e e

d is e r e te la ye r s w ith th e p r e s s u r e in te rv a l be in g △P= 3 0 0 hP a (Fig
.

1 )
.

W
e a p p ly the v o r t ie ity e q u a t io n a t th e m 记

el le v e ls l
,

3 a n d s
,

a n d th e a d ia b a t ie th e r m 任

d yn a m ie e q u a tio n fo r the m od
el le ve ls 2 a n d 4

.

A s s u m in g the b a s ie flo w ro b e z e r o
,

w e d e r iv e

the elo s e d e q u a tio n s fo r th e q u a s i
一

geos
tr o p h ie th r e e 一

lay e r m od e l fr o m the a b o v e e q u a t io n s
,

J 一
, , 二 , 二

一
, , 、 。

叭
,

f0
,

不 丫
一

叭 - 一 J 气叭
,
V

一

竹 少 一 尸 不又于 卞 不二 气叭
+ l
一 叭

一 1 少

皿 口
J

飞 曰 Z
,

(k = l
,

3
,

5 )

1
.

e
。

(l)

{一 J (叭
一 1 ,

甲
2

人
一 ,

) + J (必
* + , ,

甲
2

沪
乏+ ,

)一P

f0一户
一J

_
。

f
o Z

V
一‘妇盛

一 一一丁下于丫万万 L乙田乏
一 叭少 一

吸 又口P )
-

创私
一 工

私
+ ,

)
.

一
Z r ; ,

_

,

一 尸 } 一不又厂 一 代子舀尸 ! 门一 V L J 气甲k, 竹
一 1
一 甲乏+ 1 少」 了

、 口 “飞 。崖、 ,

(k = 2
,

4 ) (2 )

w h e r e the d e p e n d e n t v a r ia ble s 沪
走 a n d 叭 a r e th e p e r tu ba t io n s tr e am fu n e t io n (c a lle d st r e a m fu n e -

t io n fo r sho r t ) a n d th e v e r t ie al v elo e ity r e sPe e t iv e ly
,

氏 the st a tie s ta bility Pa r a m e t e r
.

In E q
.

(2 )
.

w e s p e e ify 叭 = 叭 + :
fo r k = 2

,

a n d 叭 一 叭一 Z
fo r k= 4

.

A t the m od
e l le v el 3 (i

.

e
,

5 5 0 hPa )
,

th e in it ia lvor
tie ity p ro file o f m 闭

el t r
叩ie al e yelo n e

(C h a n 1 9 8 7 ) 15 g iv e n b y

套
3
(r ) 一

ZV , 二 二

1
, r 、 * 二 1 厂 , r 、 ‘。 、

—
L l 一 下干 弋一 厂」e x p 戈

一
厂 [ 1 一 L一 厂」户

r , 乙 r 爪 口 r 爪

(3 )

w he r e /
= V (x 一 二。

)
2
+ (夕 一 夕。)

2 15 th e r a d iu s ,

(x
。 ,
夕。

) the e o o r d in a t e s o f th e t r o p ie al e y
-

e lo n e e e n tr e ,

V , the m a x im u m w in d sPe e d
, r , the r a d iu s o f m a x im u m w in d

, a n d b th e fa e to r

t h a t d e te r m in e s th e sh a p e o f v o rt e x
.

So lv in g th e Po is s o n e q u a t io n

甲
2

热(x
,

y ) 一 跳(x
,
y ) (4 )

fr o m 9
3
(二

,
少)

,

w e o b ta in t h e in it ia l s t rea m fu n e tio n p r o file 必
。
(二

,

少)
.

R efe r r in g to the v e r t ie al

p ro file o f s t r e a m fu n e tio n fo r the tr叩ie a le yelo n e g iv e n by K itad e (1 9 8 0 )
,

w e s p e e ify the in itia l

s t re a m fu n e tio n Pr o file s a t the m od
el le v els l (2 5 0 hP a ) a n d s (8 5 0 hPa ) to be

必
1
(x

,
少) = C

,

沪
3
(x

,
夕)

,

必
5
(x

,
夕) = C

。

沪
3
(￡

,
夕)

,
(5 )

r e sPe e t iv e ly
.

T h e d o m a in o f the n u m e r ie a l e x Pe r im e n ts 15 a n e a s t
一

w e s t z o n a l a r e a w ith 5 1 X 5 1 P o in t s
.

T h e g r id s p a e in g 15 u n ifo rm w ith a ho r iz o n t ia l g r id s p a e in g o f 5 0 k m
.

T h e h o r izo n tia l la t e r a l

b o u n d a r y e o n d it io n s a r e 再= 0 a lo n g the n o rth e r n a n d so u th e r n b o u n d a r ie s o f the z o n e a n d th e

eye lie e o n t in u ity in th e e a s t
一

w e s t d ir e e t io n
.

T h e fo llo w in g v e rt ie a l bo u n d a r y e o n d itio n s a r e

a d o Pte d
:
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,

9

田。 = 0 a t P
。
= IOO hPa ,

田6
= 0 a t P

6
= 1 0 0 O hPa

.
(6 )

T he Ja e o b ia n te r m s o f the m od
el e q u a t io n s (1 ) a n d (2 ) a r e e v a lu a t e d u s in g the fin it e d if

-

fe r e n e e fo r m a t d e v elo p e d by A r ak a w a (1 9 6 6 )
.

T he m o d e l e q u a t io n s a r e s o lv e d by m e a n s o f t he

s u p e r 一 r ela x a tio n it e r a tio n m e thod
.

T h e tim e s t e p o f n u m e r ie a l in te g r a tio n 15 10 m in
.

T he t o ta l

in t e g r a t in g t im e 15 4 m od
e l d a ys

.

T h e m od
el Pa r a m e te r s a r e eho s e n a s fo llo w s : 氏 = 0

.

0 3 2 m
Z s 一 ’

hPa 一 2
fo r k = 2

,

4
,

月= 2
.

0 7 4 6 只 1 0 一 “ m 一’ s 一’: V 二
= 2 5 m s 一 ,

(a t the m od
e l le v e l 3 )

,
r ,

= 1 0 0 k m
,

b = 1 :

C
l
= O

,

3
,

C
S
= 1

.

5
.

111
.

E FF E CT OF SMA L L
一

S C A L E G Y R E S O N T R OP ICA L C YC L ON E M O T IO N

In th is st u d y
,

w e d e e o m p o s e th e to ta l s t r e am fu n e t io n 咖 (x 少
,

t ) in to a n a x isym m e tr ie

e o m Po n e n t 九 (x
,

夕
,

t ) a n d a n a sym m e t r ie o n e

弧 (x
,

少
,

t )
.

Fr o m Fig
.

2 w e e a n s e e tha t th e r e a r e t he la r g e 一 s e a le b e t a g yr e s (L S B G s ) in th e a sym m e t
-

r ie flo w fie ld s a t v a r io u s m od
el le v els

.

T h e d is ta n e e d ,
b e tw e e n the tw o e e n t re s o f L S BG d e -

Pe n d s o n a lt itu d e
.

T h e y a r e 9 3 9
,

9 3 2 a n d 4 6 7 k m a t 8 5 0
,

5 5 0 a n d 2 5 0 hPa
,

r e s p e e t iv ely
.

T h e

in te n sit ie s o f L S BG we
ak e n w ith h e ig ht

.

In th e a sym m e t r ie fl o w field s a t 8 5 0 a n d 5 5 0 hPa
,

th e sm a ll
一 s e a le g yr e s (S SG s ) oc e u r

n e a r th e t r oPic al eyelo n e e e n tr e s
.

T he d is ta n e e s d
:

b e tw e e n the tw o e e n tr e s o f S SG a re 2 2 8 a n d

1 6 2 km a t 8 5 0 a n d 5 5 0 hPa
,

r e s p e e t iv e ly
.

T h e SS G s a r e s tr o n g e r tha n the LS B G s a t 8 5 0 hPa
.

T h e in t e n s itie s o f S S G s a r e e q u iv a le n t t o th o s e o f LS B G s a t 5 5 0 hPa
.

T he S S G s r o t a t e a r o u n d

the t ro Pie a l ey e lo n e e e n tr e s e o u n te re loc kw is e
.

T he e x is te n e e o f S S G s w a s e o n fir m e d b y M a r k s

e t al
.

(1 9 9 2 ) fr o m th e d e t e e tio n
.

T ia n (1 9 9 5 ) s t u d ie s th e p hysie al m e e h a n ism o f S S G s fo r m a t io n w ith the a id o f s tr e a m
-

fu n e t io n te n d e n e y a n a ly s is
.

T h e r e s u lts in d ie a te th a t the lin e a r b e ta effe e t p r o d u e e s L S B G s a n d

p r o v id e s a b a e k g r o u n d e o

nd it io n fo r the fo r

ma
tio n o f S SG s : a

nd th a t the n o n lin e a r e ffe e t
,

1
.

e
.

th e a d ve e t io n o f a s ym m e t r ie v o r tie ity by sym m e tr ie flo w e r e a te s S SG s
.

In a ll the 4 m od
el d a ys

,

the r e a r e a lw ay s SS G s a t 5 5 0 h Pa
.

Du
r in g ho u r 1 6 一 2 5

.

3 1 一 4 2
,

5 3 一 64 a n d 8 4 一 9 0
,

the a z im u tha l p ha s e d iffe r e n e e s

(A PD ) be tw e e n S S G a n d L SB G

e x is t
.

Du
rin g h o u r 2 6 一 3 0

,

4 3 一 5 2 a n d 6 5 一 8 3
,

the S SG s t e n d t o e o in e id e w it h t he LS B G s
.

A s s how
n in Fig

.

3 a n d Fig
.

4
,

th e tr a n sla tio n s p e e d of tr o p ie a l eye lo n e V
‘ a t 5 5 0 hPa o b

-

v io u sly o s e illa te s w ith t im e
.

In the 4 m o d el d a y s
,

the fo u r a e e ele r a t e d a n d fo u r d e e ele r a te d m o--

tio n Proc e s s e s oc e u r
.

W he n the A PD b e tw e e n SS G a

nd L S B G e x is ts
,

the V
: slo w s d o w n

.

W hile the S S G s te n d t o e o in e id e w ith the LS BG s
,

the V
: s p e e d s u p

.

T h e t r a n sla t io n d ir e e t io n o f t r o p ie al eye lo n e 反 a t 5 5 0 hPa e v id e n t ly v a e illa t e s w ith t im e

(Fig
.

3 a n d Fig
.

5 )
.

In th e 4 m od
e ld ay s

,

the tw o m a r k e d d ir e e t io n e ha n g e p r oc e s s e s a p p e a r
·

T h e fir s t d ir e e t io n eh a n g e oc e u r s in ho u r 3 2 一 4 2 a n d th e 叹 eh a n g e s fr o m th e n o r thw e s t b y

w e s t to th e s o u th w e s t
,

the e a s t
,

the n o rth e a s t a n d the n o r th n o r thw e s t
,

a n d th e 认 s lo w s

d ow n
(T

a ble l)
.

T he s e e o n d d ir e e tio n e ha n g e o e e u r s in ho u r 5 5一 6 5
.

T he oc eh a n g e s fr o m th e

n o rth w e st by w e s t t o the n or th n or th e ast
,

a n d th e V
‘ slow

s d ow
n a ls o

(T
a ble l)

.

D u r in g th e

d ir e e tio n e ha n g e o f the tr o p ie al eye lo n e
,

the A PD b e tw e e n S SG a n d L S BG e x is ts
.

T hu s
,

it e a n

b e s e e n th a t t he e x is t a n e e o f A PD b e tw e e n S S G a n d L S B G 15 a n e e e s s a r y e o n d it io n fo r th e

d ir e e t io n e ha n g e o f t r o p ie a l e ye lo n e s
.
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k
()

田 { 尸f 11P a )

门

一
O

( a )

1 0 0

、H

黝

1 - - - -

一二
- - - - - -

一姗

2

—
4 0 0

3 - - - -

一 乡- - - - 一

一
弧。

4

一
70 0

厂
‘

一
、 、 、

\
、 、

、
.

气 I
_

‘ -
一

_ _ _
一 /

: 一 - - -

一土
- - - - - 一蒯

6

—
兰二生一一一一一 10 0 0

(I))

.

T h e a r r a n g e m e n t o f v a r ia ble s in th e v er ti
-

e a l fo r th e q u a s i
一
g eo s t r o ph ie th r e e 一

la ye r

m o d e l
.

O

4 日 产 ~ 一一一
、

、

\

呜 6

3 8

O

、

肠J一门J八口

7 2

(e )
O

污2

尸 产一一 -

一
、

3
毛飞

丁加
、

4 8

、 ~ 一 _

!!气·、、、

2 8
、 ~ ~ ~ ~ 一 一产

2 4

2 (未
入l

2之 2 4 2 !东
O

T he

T h e

t r o p ie a l

sym bo ls

e y elo n e t r a e k a t

a lo n g th e t r a e k

5 5 0 hP a
.

a r e 6 h

a P ar t
.

T h e

fig u r e fr a m es

g r a d u a te d in te rv
a ls o n th e

a r e 5 0 k m
.

F ig
.

2
.

T h e a sy m m e t r ie st r ea m fu n e tio n
再

a t 2 4 h

o n (a ) 8 5 0 hPa
,

(b ) 5 5 0 hPa a n d (e )

2 5 0 hPa
.

T h e e o n t o u r in te rv als a r e 4 0

2 0 a n d 1 0 (1 0 4 m Z s 一 1 ) r e sp e etiv e ly
.

T he

g r a d u a te d in ter v a ls o n th e fig u re fra m e s

a r e 2 5 0 k m
.
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几

‘”八:
l
儿

比川钧;
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i口.,

、l|I,·j“p仆“‘尸�川州引U日

八
们八

111.

口

J.111
1
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、、

以次
:

,.

⋯
,..!·;,;

门川门

0 1 2 2 4 3 6 4 8 6 0 7艺 8 4 9 6 ] 0 8

Fi g
.

4
.

T h e t e m p o ra l v ar ia t io n o f th e t r a n s la t ion
sp e e d fo r t r o p ie a l e ye lo n e V : ( so lid
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.

in “

) a n d th e v e n t i la t io n flo w d ir e e t io n
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.

R E L A T IO N B E T W E E N V E N T IL A T ION F LO W C A LC U L A T E D B Y F IO R IN O A N D E L S B E R R Y
’

S

M E T H O D A N D T R O PIC A L C Y C LO N E MO T IO N

T he r e s u lts o f Fio r in o a n d E lsbe r r y (1 9 8 9 ) in d ie a te d th a t th e v e n tila tio n flo w v e e to r b e -

tw e e n la r g e 一

sc a le ey elo n ie a n d a n tiey elo n ie b e t a g y r e s in the a sym m e tr ie flo w field w a s elo s e ly

e o r r ela t e d w ith th e

th e v e n tila t io n flo w

(l) A e ir e u la r

S e n
-

m o t io n v e e t o r o f th e tr o p ie a l e y elo n e
.

N o w
,

th e p roc e d u r e o f e a le u la t in g

v e e t o r d e v elo Pe d by the m 15 o u tlin e d a s fo llo w s
.

a r e a A , a t a r a d iu s (r ) o f 3 0 0 k m a ro u n d th e tr o p ie a l eye lo n e e e n tre 15 e h任

(2 ) T he a sym m e t rie w in d 印e e d e o m p o n e n t s u 。 (x
,

夕 t) a n d 、 (x 少
,

t ) a t all th e m od
e l

g r id p o in t s w ith in th e A , a r e e a le u la t e d by

日沪勃

% 一 一 飞石二
气 、
丛
夯

(7 )

r e sPe e t iv ely
.

(3 ) T h e a sym m e tr ie w in d s p e e d V 、 (x
,

夕
,

t ) a n d w in d d ir e e tio n
九 (x

,

少
,

t ) a r e e o m p u t e d

by u s in g

v 、 一 丫
u扩 + 二扩

,

九 一 t g 一 1

(v 、 / u ka ) (8 )

r e s p e c t iv ely
.

(4 ) T h e v e n t ila t io n flo w s p e e d V 盯 (t ) a n d d ir e e t io n 氏f (t ) a r e o b ta in e d by a lg e b r a ie a lly

a v e r a g in g V 、 (x
,

夕
,

t ) a n d 九 (x
,

少
,

t ) in th e A 是
,

r e s p e e t iv e ly
.

W h e n th e A PD b e tw e e n SS G a n d L S BG e x is t s (t = 1 6 一 2 5 h
.

3 1一 4 2 h
,

5 3 一 6 4 h a n d

8 4 一 g o h )
,

th e v e n tila tio n flo w s p e e d e a le u la te d by F io r o n o a n d E lsb e r r y
’

5 m e thod V , 15 2 一 3

m s 一 ’
Ia r g e r th a n th e t ra n sla t io n s p e e d o f t r o p ie a l ey e lo n e Vc (Fig

.

4 )
,

a n d the d e v ia t io n s b e -

tw e e n the v e n tila t io n flo w d ir e e t io n 外 a n d th e t r a n sla t io n d ir e e t io n o f t r o p ie a l c yelo n e 民 a re

la r g e (F ig
.

5 )
.

W hile t he SS G s te n d to e o in e id e w ith th e LS B G s (t = 2 6一 3 0 h 4 3 一 5 2 h a n d

6 5一 8 3 h )
,

th e V f 15 e lo s e t o t he V
。 ,

a n d th e 外 aPp r o a eh e s t h e 民
.

T he r e a s o n e a u s in g the d e v ia t io n s b e tw e e n th e v e n t ila t io n flo w v e e t o r a n d the m o tio n v e e -

to r o f th e t r o p ie al e y e lo n e 15 th a t th e effe e t o f S SG s 15 e o n s id e r e d in s u ffie ie n t ly in Fior in o a n d

E ls b e r r y
’

5 m e thod
.

W he n the AP D b e tw e e n SS G a n d L SB G e x is t s
,

th e v e n t ila t io n flo w b e -

tw e e n tw o la rg e 一 s e a le b e t a g yr e s 15 n o lo n g e r u n ifo r m
.

U n d e r th is e ir e u m s t a n e e s
,

it 15 n o t a p -

p ro p r ia te t o e a le u la te th e v e n tila t io n flo w v e e t o r by th e a lg e b r a ie a l a v e r a g e m e thod in the A *
.

T he r efo r e
,

it 15 n e e e s s a r y to im p r o v e th e m e thod
o f e a le u la t in g the v e n t ila t io n flo w v e e to r

.

V
.

R E L A T IO N BE T W E E N V E N T IL A T IO N FL OW CO M PU T E D U S IN G A N IMPR O V E D M E T H O D

A N D T R O P IC A L C YC L O N E MO T IO N

In o r d e r t o s u ffie ie n tly e
on

s id e r the effe e t o f S SG s o n the trop ie al eyelo n e m o tio n
,

w e h a v e

a d v a n e e d a m e thod
o f e o m p u tin g th e v e n t ila tio n flo w v e e t o r

.

Its e o m p u t a t io n a l p roc e d u r e 15

b riefly d e s e r ibed a s fo llo w s
.

(1) C ho o s in g a e ir e u la r a r e a A
;

.

(2 ) C ale u la tin g the a sym m e t r ie w in d sp e e d e o rn p o n e n ts u 、 (x
,

夕
,

t ) a n d y 灿 (x
,

夕
,

t ) a t all

the m od
e l g r id p o in t s w ithin th e

人
u sin g E q

.

(7)
.

(3 ) A v e r a g in g th e u 、 (x
,

夕 t ) a n d y 、 (x
,

少
,

t ) in the A
; r e s p e e tiv ely

,

a n d the n o b ta in in g
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the u 触 (t ) a n d y 、 (t )
.

(4 ) C o m p u t in g th e v e n t ila tio n flo w s p e e d V 石 (t ) a n d d ir e e tio n 凡 (t )

凡 一 右乙+ 风
,

民
,

一 tg 一 (瓦 /虱 ) (9 )

r e s p e e t iv ely
.

Fr

om F ig
.

6 a n d Fig
.

7 w e e a n s e e tha t w h e th e r the SS G s t e n d t o e o in e id e w ith the LS BG s

o r th e A PD b e tw e e n th em e x is ts
,

the v e n tila t io n flo w sPe e d V 、a n d d ir e e t io n 民a r e e lo s e ly e o r -

r e la te d to th e t ra n sla tio n s p e ed V
‘ a n d d ir e e tio n 民 o f tr o p ie a l e yelo n e

,

r e s p e e t iv e ly
.

T h e fo u r

a e e ele r a te d a n d fo u r d e e ele r a te d m o t io n p r oc e s s e s a n d th e tw o d ir e e t io n eh a n g e p roc e s se s fo r

the m od
e l tr o p ie a leye lo n e e a n be a llr efle e t e d fr o m th e v a r ia tio n s of V

* a n d 民w ith t im e
,

r e s p e e -

t iv e ly
.

T hu s
,

it e a n b e sa id tha t th e v e n tila t io n flo w e o m p u te d u sin g th e im p r o v e d m e th司
s t e e r s the m o v e m e n t o f the t r o p ie a l e y elo n e

.

O w in g to v a r ia t io n s o f in te n s ity a n d h o r iz o n t a l se a le o f the S SG s a n d the LS B G s w it h

h e ig ht
,

a d iffe r e n t e ir e u la r a r e a
态

a t v a r io u s m od
e lle v e ls sh o u ld b e e ho s e n

t ila t io n flo w v e e t o r
.

W
e ha v e

5 0 k m ) a t e a eh m o d e l le ve l
.

e ho s e n s e v e n k in d s o f e ir e u la r a r e a s A *
(
r
=

to e a le u la t e th e

2 0 0 一 5 0 0 k m
,

V e n 一

份 -

W
e a d o Pt the 9 5 s a m Ple s (o n e s a m Ple 15 eh o se n o n e e e v e r y ho u r

fro m ho u r 1 to h o u r 9 5 ) t o e o m p u t e the e o r r ela t io n eoe ffie ie n ts b e tw e e n the v e n t ila t io n flo w

v e e t o r
(V

‘
,

民) a n d the m o t io n v e e t o r o f t r o p ie a l e yelo n e
(V

: ,

反) fo r e a eh e ir e u la r a r e a A *
.

1 2 ()

8 O

4 O
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6
.

T h e t e m p o r al v a r ia t io n o f th e t r a n s la t io n

sP e e d fo r t r o Pie a l e ye lo n e V 。 ( s o lid

m s 一 1 ) a n d th e v e n t ila t io n flo w sP e e d

e o m p u t e d u s in g th e im p r o v e d m e th o d V
、

(d a sh e d
,

m s 一 1 ) a t 5 5 0 hPa
.

Fig
.

7
.

T h e t e m p o r a l v a r ia t io n o f th e t r a n s la t io n

d ir e e t io n fo r t r o p ie a l e ye lo n e 氏 (s o lld in o

)

a n d the v e n t ila t i o n flo w d ir e e t io n e o m p u t -

e d u s i n g th e im Pr o v e d m e t ho d 叹 (d a s he d
,

i n
o

) a t 5 5 0 hPa
.
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灼

.
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(少

.
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)
.

勺L一
“

少均

F ig
.

8
.

2 爪 , 3 t川 3 乃戈) l(少(夕 4 5葺) 5 ()(少
味梦0 0 2 5 () 3 (}() 3 5 0 10 () 上弘 ) 5 ()( )

T h e v a r ia tio n o f th e s p e e d eo r r e la tio n c o-- Fig
.

9
.

T h e v a r ia tio n o f th e d ir e e tio n eo r r e la t io n eo-

e ffie ie n ts (R
。
) : 5 。 (so lld ) a n d (R

。
) 5 5。 e ffie ie n ts (凡) : 5 。 (s o lld ) a n d (R 。) 55 。 (d a sh e d )

(d a sh e d ) w ith e ir e u la r a r e a s a t a r a d iu s o f w ith e ir e u la r a r e a s a t a r a d iu s o f r (k m ) a t

r (k m ) a t 8 5 0 a n d 5 5 0 hPa
.

8 5 0 a n d 5 5 0 hPa
.

A t 8 5 0 hPa
,

th e b e s t e o r r ela t io n s e ale r 。 15 3 0 0 一 4 0 0 km
.

T he e o r r e s p o n d in g s p e e d e o r re

la tio n e oe ffie ie n t (R
。

) 5 5。
15 eq u iv a le n t t o the d ir e e t io n e or r e la t io n eoe ffie ie n t (R

, ) 5 5。
(Fig

.

8
,

Fig
.

(尺
,

)

9

55 0

a n d T a ble Z)
.

A t 5 5 0 hP a
,

the b e s t e o r re la t io n s e ale 几 15 3 0 0 km
.

N e v e r th ele s s
,

the

15 o bv io u s ly s u p eri or to th e
(R

; ) 5 5。
.

T a b le 2
.

T h e

Be
s t C o r r e la tio n

Sc
a le r 。 a n d the C o r r e sp o n d in g C o r r ela tio n

Co
e ffie ie n ts R

。 a n d R a

LLL e v e lll S p e e d e o r r e la tio nnn D ir ee tio n e o r r e la tio nnn

山山Pa ))))))))))))))))))))))))))))))))))))))))))))))) rrrrr 。(k m ))) R
。。 r。 (km ))) R 。。

888 5 000 4 0 000 0
.

6 888 3 0 000 0
.

6 888

555 5 000 3 0 000 0
.

8 555 3 0 000 0
.

4 555

Fr o m th e a bo v e a n a lysis w e e a n k n o w th a t th e v e n tila t io n fl o w in eir e u la r a rea s w ith ra -

d iu s e s (r ) b e in g 3 0 0 一 4 0 0 k m a r o u n d th e e e n tr e e o n t r o ls th e m o tio n of the m od
e l tr o p ic a l ey

-

elo n e
.

V l
.

V EN T IL A T IO N F LO W CA L C U L A T E D U S IN G A C T U A L D A T A R E L A T E D T O T Y P H (X )N

M O T IO N

In th e p e r io d o f S PE CT R U M
一

9 0
,

th e ta r g e t t yp hoo
n Y a n e y (9 0 1 2 ) w a s t o the s o u the a s t

o fTa iw a n (1
.

e
.

2 0
.

s
o

N
,

1 2 4
.

s
o

E ) a t 0 0 0 0 G MT 1 9 A u g u s t
.

L a t e r
,

it m o ve d to w a rd th e

n o u t hw e s t in a sp e e d o f 1 2
.

5 m s 一 ’
.

A t 1 2 0 0 G MT 1 9 A u g u s t th e Y a n ey lay n ea r T a ib e i
.

T he n
,

it t u r n e d to the w e s t
,

a n d tr a n sla t io n s p e e d o bv io u sly slo w e d d ow n (4
.

2 m s一 ‘)
.

A t

0 00 0 G MT 2 0 A u g u s t
,

th e Y a n ey w a s loc a t e d t o the e a s t o f Q u a n z ho u
,

F u jia n Pr o v in c e
,

a bo u t 10 0 km a p a r t
.

T he n
,

it tu r n ed t o th e so u th w e s t by w e s t
,

a n d th e tra n sla t io n s p e e d 4
.

2

m s一 ‘
k e p t u n e ha n g e d

.

A t 1 2 0 0 G M T 2 0 A u g u s t
,

the Y a n ey w a s sit u a te d in th e v iein ity of
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X ia llle n
.

W
e ha v e e a le u la t e d the v e n tila t io n flo w v e e t o r s a t 5 0 0 hPa fr o m 1 9 t o 2 0 A u g u s t u s in g the

tw o m e thod
s (T a ble 3 )

.

T a b le 3
.

T h e V en tila tio n Flo w V e e t o r s a t 5 0 0 hPa o f th e T a
塔

e t T y phoon
Y a n e y (9 0 1 2 ) C o m p a r e d w ith Its

M
o tio n V e et o r

渡渡渡
t zzz t 222 tsss

浓浓
t --- t 222 t sss

33333 2 666 2 7 666 2 3 99999 1 2 555 4
.

222 4
.

222

444 0 000 3 444 2 8 000 2 3 444 4 0 000 1 3
.

000 1 6
.

777 1 2
.

222

555 0 000 2 222 2 7 888 2 3 666 5 0 000 7
.

444 1 1
.

999 1 0
.

000

666 0 000 1 666 2 7 333 2 4 333 6 0 000 6
.

999 9
.

888 7
.

999

777 0 000 1 000 2 7 000 2 4 999 7 0 000 6
.

111 8
.

444 5
.

777

888 0 000 3 5 777 2 7 000 2 5 666 8 0 000 5
.

333 6
.

888 3
.

444

丸丸丸
t 111 t 222 t sss

丸丸
t zzz t 222 t 333

444 0 000 l111 2 9 000 2 4 777 4 0 000 2 5
.

888 2 0
.

333 1 4
.

888

555 0 000 3 5 888 3 0 999 2 7 222 5 0 000 2 5
.

666 1 8
.

222 1 4
.

222

666 0 000 222 3 1 000 2 8 555 6 0 000 2 3
.

555 1 6
.

888 1 3
.

777

777 0 000 3 5 888 3 1 111 3 0 111 7 0 000 2 1
.

777 1 5
.

222 1 3
.

555

888 0 000 3 5 222 3 1 222 3 1 333 8 0 000 2 0
.

333 1 3
.

777 1 3
.

555

N o te : T h e 6c
,

民a n d 踌
ar e in a u n it o f d e g r e e

.

T he
Vc

,

V
‘ a n d 巧

a r e in a u n it o f m s 一 ’
.

T h e r 15 in a u -

n it of k m
.

T h e t l
,

tZ a n d t 3 r e p re se n t 0 0 0 0 G M T 1 9 A u g u st 1 2 0 0 G M T 1 9 A u g u s t a n d 0 0 0 0

G M T 2 0 A u g u st
,

r e sp e e tiv e ly
.

Fir s t
,

w e a n a ly s e the v e n t ila tio n fl o w v e e to r e o m p u te d u s in g the im p ro v e d m e th od (V ‘
,

民) r ela te d t o th e m o tio n v e e t o r o f typ hoo
n Y a n ey

(Vt
,

况)
.

A t 0 0 0 0 G M T 1 9 A u g u s t
,

th e o
、

Po in te d to the n o r the a s t by n o r th o r to the n o r th
.

T h e r e w e r e e e r t a in d e v ia t io n s b e tw e e n 民a n d

民
.

T h e V
、e ale u la te d in th e e ir e u la r a r e a s w ith r a d iu s e s r = 4 0 0 一 5 0 0 k m w a s e lo s e r to th e V

‘ .

A t 1 2 0 0 G MT 1 9 A u g u s t th e 伙 p o in te d to the w e s t a n d w a s e o n s is t e n t w ith th e 民
.

Fr o m

Fig
.

1 0b w e e a n s e e th a t th e ve n t ila t ion flow
n e a r th e e e n tr e o f ty p hoo

n Y a n ey s t e e r e d th e ty
-

p hoo
n m o v in g to w ard the

we
s t

.

A t 0 0 0 0 G MT 2 0 A u g u s t
,

the 庆p o in ted to t he so u t h w e s t by

w e s t
,

s till w a s in a e e o r d a n e e w ith th e oc
.

It sho u ld b e Po in te d o u t
,

w h e n th e tyPhoo
n Y a n ey

a p p r o a eh e d the e o n tin e n t o f C h in a
,

the V 、 e a le u la ted in a la r g e e ire u la r a r e a (r = 8 0 0 km ) b e -

e a m e elos e r t o t he V
c .

S e e o n d
,

w e a n a ly se the v e n tila t io n flo w v e e t o r e a le u la t e d by Fio r in o a n d E lsb e r ry
’

s

m e thod (Vf
,

外 ) r ela te d to the m o tio n v e e t o r o f typ hoo
n Y a n ey (认

,

民)
.

E x e e p t the 外 w a s

elo s e r to the oc a t 0 0 0 0 G M T 1 9 A u g u s t
,

t he r e w e r e th e la r g e d e v ia tio n s b e tw e e n the 外 a n d

the 民 a t the o th e r t im e
.

A t a n y t im e
,

th e

Vf w a s m a r k e d ly la r g e r th a n th e V
。 .

T h e a bo v e a n alys e d r e s u lt s o f th e a e t u a ld a ta in d ie a t e th a t th e ve n tila tio n flo w v e e to r e o m
-

p u t e d u s in g the im Pr o v e d m e thod m o r e elo s ely e o r r e la te s to th e m o tio n v e e to r o f th e typ hoo
n

.

T he r efo re
,

w e e a n r e g a r d th e v e n t ila t io n flo w v e e t o r e o m p u te d u sin g the im p r o ve d m e thod
a s a

re fe r e n e e in d e x fo r fo re e a s tin g typ hoo
n t r a ek s

.
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夕夕夕夕夕
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碱碱碱碱
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T h e t o t a l (a ) th e a sy m m e trie (b ) a n d

the s ym m e trie (e ) g e o p o te n tia l h e ig h t

o n 5 0 0 hPa o f th e ta r g e t typ hoo n Y a n -

e y (9 0 1 2 ) a t 1 2 0 0 G M T 1 9 A u g u s t
.

T he eo n to u r in te r
va ls a ll a r e Z (1 0

m Z s 一2 )
.

V ll
.

CO N C L U S IO N A N D D IS C U S S IO N

T o s u m u p
,

w e e a n e o m e to th e fo llo w in g e o n elu sio n
.

(1 ) N u m e r ie a lly sim u la tin g th e t r o p ie al eye lo n e m o tio n w ith a q u a si
一g e os tr o p h ie ba r oc lin ie

m od
el

,

w e fin d tha t the r e a re bo th la r g e 一s e ale b e ta g yr e s a n d th e sm all
一s e ale g yr e s in the a sym

-

m e t r ie fl o w field
.

T h e lln e a r b e ta effe e t p r
od

u e e s the la r g e 一s e a le b e ta g yr e s a

nd p r
ov id e s a

b a e kg ro u n d e o n d itio n fo r th e fo rm a t io n o f sm a ll
一s e a le g y r e s

.

T h e n o n lin e a r e ffe e t
,

1
.

e
.

th e a d
-

v ee tio n o f a sym m e tr ie v o rt ie ity by sym m e tr ie flow
,

e r e a t e s th e sm all
一

sc a le g yr e s
.

(2 ) T h e in te r a e tio n o f the sm a ll
一se a le g y r e s w ith the la r g e 一sc ale be ta g yr e s le a d s to the 0 5 -

e illa tio n o f tra n sla tio n sPee d a n d th e va e illa t io n o f tra n sla t io n dire
e tio n fo r a b a

roc lin ic tr o Ple a l

e y elo n e
.

(3 ) W h e n th e a z im u th a l p h a se d iffe
r e n e e s b e tw e e n th e sm a ll

一s e a le g y re s a n d th e la rg e
-

s e ale b e t a g y r e s e x is t
,

the re a r e th e la r g e d e v ia tio n s b e tw e e n the v e n tila t io n flow
v ec t o r e alc u -

la t ed by Fio r in o a n d E lsb e r r y
’

5 m e thod
a n d the m o tio n v e e to r o f th e tr o p ie a l eyelo n e

.

(4 ) In o r d e r t o s u ff ie ie n tly e o n sid e r the effe e t o f sm a ll
一
sc ale g yr e s o n t r o p ie a l eyelo n e m o--

t io n
,

w e ha v e a d v a n e e d a n im p r o v e d me
th撇

o f e o m p u tin g the v e n t ila tio n flow
v e e t o r

.

T h e re -

s ult s e a le u la te d u sin g th e m od
el a n d a e tu al t r

叩ie al eye lo n e d a t a in d ie a te th a t the ve n tila tio n

flo w v e e to r e o m p u te d u sin g the im p r o v e d m e thod m o r e e fo s e ly e o r r e la te s the m o tio n v e e t o r o f
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tr o p ie a le y elo n e
.

(5 ) Fo r the g iv e n m od
el t r o p ie a l e yelo n e

,

it 15 th e v e n tila t io n flo w in e ir e u la r a r e a s w ith

ra d ii r = 3 0 0一 4 0 0 km a r o u n d th e e e n tr e tha t e o n t r o ls it s m o tio n
.

T he d yn am ie s o f tr o p ie a l ey elo n e m o t io n in a b a roc lin ie a tm o s p h e r e 15 q u it e e o m p lie a t e d

a n d in vol ve s m a n y p h y sie al proc es s e s
.

T he q u a s i
一

罗os tr o p hie m 浏
el d e v elo ped in this s t u d y 15

v e r y s im p le
,

in w hieh th e b a s ie fl o w 15 a s s u m e d to b e z e r o
,

the m o is t p hy s ie a l p r oc e s s 15 n o t in
-

elu d e d
,

a n d v e rt ie al tr a n sla tio n s o f v a r io u s p h y sie al q u a n t it ie s a r e e o n s id e r e d in s u ffie ie n tly
.

T h e r e fo r e
,

the w ho le s t r u e t u r e o f tr o p ie a le yelo n e in the m 记
el a tm o s p he r e w o u ld b e d iffe r e n t

fr o m tha t in the a e t u a l a tm os p he r e
.

If w e im p r o v e th e m od
el fu r the r

,

it w o u ld b e e x p e e t e d to

g a in be tt e r s im u la te d r e s u lts
.

In the p r
oc

e ss o f a e e o m plish in g th is stu dy
,

Pr o f
.

L u o Z he x ia n g iv e s m e w a rm g u id a n ee a n d h e lp
.

H er e
,

1 w ish t o e o n v e y m y he a r ty th a n ks t o h im
,

R E F E R E NC E S

A r a k a w a
,

A
.

(1 9 6 6 )
,

C o m p u t a tio n a l d e sig n fo r lo n g
一 ter m n u m e ri ea l in te g r a tio n s fo r th e e q u a tio n s o f a tm o--

sp he r ie m o tio n
,

J
.

C o m PU t
.

Ph笋女
s

,

1 : 1 1 9 一 1 4 3
·

C h a n
,

J
.

C
.

L
.

a n d W iili a m s
,

R
.

T
.

(1 9 8 7 )
,

A n a lytiea l a n d n u m e rie a l s t u d ie s o f th e
be ta 一 e ffee t in t r o p ie a l

e ye lo n e m o tio n
,

Pa r t l : Z e r o m ea n fl o w
,

J
.

At m os
.

S c i
. ,

4 4 : 1 2 5 7 一 1 2 6 5
.

C he n L ia n sh o u (1 9 8 5 )
,

T h e e u r r e n t sit u a tio n a n d d ev e lo p m en t o f stu die s o n tr o p iea l e ye lo n e m o tio n a n d o p e r -

a tio n a l fo r e ea s t
,

Q 记l
ec ted 环场通

: o
f T 夕Ph

~ C o n
fe

r e n ‘e
,

C h in a
M

e te o r
.

Pr e s s
,

Be ijin g
,

p p
.

6 一 3 0 (in

C h in e s e )
.

Fio r in o
,

M
.

a n d E ls be r r y
,

R
.

L
.

(1 9 8 9 )
,

So m e a sp ee ts o f v o r tex st r u e tu r e r ela te d t o t r o p iea l e ye lo n e m o tio n
,

J
.

八忿m o s
.

S c i
. ,

4 6 : 9 7 5 一 9 9 0
.

K ita d e
,

T
.

(1 9 8 0 )
,

N u m e rie a l e x p e rim e n ts o f tr o p ie a l eye lo n e s o n a p la n e w ith v a r ia b le C o rio lis p a r a m e te r
,

J
.

几了以eor
.

占侧二
.

Ja Pa n
,

5 8 : 4 7 1 一 4 8 7
.

L i T ia n m in g a n d Z h u Y o n g ti (1 9 9 0 )
,

A n a lysis a n d sim u la tio n o f tr o p ie a l ey elo n e m ot io n
,

P a rt l : N o n 一 a x -

isy m m e trie str u e tu re a n d a br u p t eh a n g e o f p a t h
,

S c i
.

S in tca (Ser
.

B )
,

1 : 1 0 4 一 1 1 2 (in C h in e se )
·

M
a r ks

,

F
.

D
. ,

H o u z e
,

R
.

A
.

a n d G a m ae h e
,

J
.

F
.

(1 9 9 2 )
,

D u a l
一 a ir e ra ft in v e stig a tio n o f th e in n e r e o r e o f

h u r r iea n e N o r
be

r t
,

P a rt l : K in e m a tie st r u e tur
e J

.

关比从口‘
.

S ci
. ,

4 9 : 9 1 9 一 9 4 2
.

T ia n Y o n群ia n g a n d L u o Z h e x ia n (1 9 9 4 ) V ert ie a l s tru etu r e o f be ta g yr e s a n d its e ffe e t o n tr o p ie a l e ye lo n e

m o t io n
,

A 汉v
.

月才m os
.

S c i
. ,

1 1 : 4 3 一 5 0
.

T ia n Y o n g x ia n g (1 9 9 4 )
,

T h e fin e s tr u e tu r e o f a s ym m e trie e ir e u la tio n a n d v a e illa tio n in t yp hoo
n t r a e k

,

J ou r--

爪“ Of N
a n z in g lns t众u te of M

e t‘Or
口l口g 夕

,

1 7 : 5 9 9 一 4 0 4 (i n Ch in e se )
.

T ia n Y o n g x ia n g (1 9 9 5 )
,

T he fo r m a tio n o f s m a ll
一se a le g yr es a n d its e ffe e t o n t ro p ie al e

界 lo n e m o tio n
,

了口赵 r Z u汉

of A PPl ic d Met ‘
Or

ol呀夕 (i n Ch in e se
,

w ill be p u bli sh e d in l9 9 5 )
.


