THU NGHIEM TINH TOAN NUGC DANG DO BAQ
BANG PHUONG PHAP CIP

ThS. Tran Dite Trif
Trung tAm Khi tugng Thity vin Bién

1. Co 56 I thuy€t ciia md hinh
Hé phuong trinh ¢d ban cla md hinh nude
déng do bdo
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Trong d6: u,v: cdc thanh phin vin t&c

trung binh theo phudng thing difng. f: tham s6

Coriolis. P, : dp sudt khi quyén. &: d6 ding
muc nudc bién. 2: mit dd nude bién, A; 36 siu
nudc bi€n. 77,7, : cdc thanh phin tng sudt gi6
trén mit bién. 77,7, : cdc thinh phdn ma st
day. ‘

Cdc thanh phin (ng sut gié va ma sat ddy
duge tinh theo lut binh phudng nhy sau:

v =p,C W o =p,C VIV (4)

Trong d6: W 1a véan 8¢ gié, V 1a vén tSc
nude, o, 1a mét 46 khong khi, C, va €, 1a céc
hé s0.

Ap suft khong khi va trudng gid trong bdo
duge bi€u thj bing cdc cOng thite gidi tich phy

Nguti phin bién: TS, L& Trong Pao
44

thudc vao khodng cdch tdi tdm béo.

pﬂpwm__éf__
14/ R)
Vi | (3)
(1 Wt - 2001 R)'?
T 1+(r/R)
(2)

J day: P 1a 4p sufft & ria bdo, AP 1a 40
gidm dp tai tim bdo, _ 14 t&c d§ gié cuc
dai, R 1& bdn kinh gié cyc dai, r 14 khodng
cdch tdi tAm béo.

Thyc t€ trudng gid trong bdo co dang phiic
tap hon do chiu tic ddng cla nhidu hiéu tng
ma khong phii 1a trudng d6i xitng xuyén tim
nht mb ta trén. Ching han chuyén dong tinh
tién cla tAm bdo, d6 1&ch ciia vector gi6é khdi
ti€p tuyén duong ding 4p va dnh hudng clia
mét s& y&u 18 gay nhidu khéc v.v..

Mot s8 diéu kién bién duge thyc hién cho
md hinh nhu sau:

Tai bién cting st dung diéu kién khong
tham:

V,=0

Tai bién 16ng c6 thé st dung mot trong cdc
di€u kién cho u,v hodc ¢ :

Piéu kién phéng xa:
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Né&u tinh dao dong thiy triéu thi bién cé
dao dong trén cé thé 14y nhu sau:

{0)=¢, + Y, FH, coslo -8, - R) 7

3 day: &, 1a myc nudc trung binh; H;, g; 12
cdc hiing s8 didu hoa ciia cdc séng thily triéu
don; e, 13 t6c d6 gée va F, P;la cdc tham s6
thién viin cia cdc séng triéu don tudng dng.

Diéu kién (6) st dung d€ tinh nudc dang do
bdo thudn tiy khong tinh dén thiy triéu. Piéu
kién (7) st dung dé tinh ddng thdi tdc dong
“ ctia nudc dang do bio va thiy triéu.

Diéu kién ban diu:

"Né&u tai thdi di€m bt ddu tinh, bio § xa
mién tinh thi ¢6 thé xem mit bién khéng dao
dong va khong c6 dong chdy. Trong thyc t&
tinh todn, khong nhit thi€t phdi yéu ciu nhu
vay. Chi cin khodng thdi gian tinh todn k& t
thoi diém ban ddu dén khi bdo d6 bo di 1dn
thi diéu kién ban ddu khong dnh hudng dén
k&t qué tinh. Nhu vdy, ¢6 thé dit:

t=0, u=v=4=0 (8)
Bién l6ng:

Chon bién 1dng cdch xa vliing quan tdm va

c6 d6 siu 16n thi dao ddng myc nudc tai do it

dnh hudng d€n k€t qua tinh nudc dang & ving -

quan tim. Nghia I3 tai bién 1dng c6 thé dat
diéu kién khong c6 dao dong muc nudc.
=0 | )]

Bién cing:

3 bd, dong chay dugc coi 1a khdng xuyén
qua bd citng (thanh phin vudng géc véi b
cting clia dong toan phén bing 0). .

Né&u by vudng gdc vdi truc ox: u= 0

Né&u by vudng gée véi truc oy: v=0

Mé hinh bio:

Hién nay ¢6 nhiéu mé hinh bio d€ tinh
trudng dp va trudng gié trong bai todn tinh

nude dang do bdo. M6 hinh bio clia Isozaki
da dugce st dung trong nghién citu nay noi
dung dudc tom luge nhit sau: _

Gi4 thiét: Bio di thing v di chuyén déu
(vén t6c bing const)

Ciéc dudng ding 4p 12 cdc duding tron ddng
tim

Trong sudt thoi gian tinh, cdu tric, cudng
d6 bao khong déi.

Ap suft tai di€m (x,y) cdch tim bio mot
khoang dugc tinh:

P.=P,—af(l+(/RY?)”
Trong d6 P, 13 dp sudt ngoai ria con bio:

a=P,~P, (11)

(10)

P: dp thap nhd't § ving gin tAm bio.
R: béan kinh gié cyc dai.
Van t8c gié gém hai thanh phan:

W=W,+W, (12)

W, : gi6 do bdo di chuyén giy ra:

W, = -<_¥, exp(~ 7 /500)

3.6 (13)

W, 14 gi6 gradient

w,=2m,(z/1+2%)) (14)

Trong d6: "

C: hiing s8;

V,: vin tdc di chuyén cla tim bio;

r: k’ﬁbéng cdch tiY tAm bio tdi diém dang
xét;

W,,: van t8¢ gié cyc dai; k
| (15)

Wrm = K'S‘\/E .
K: hiing s8
Z=r/R (16)

Piy 12 md hinh bio dugc x8y dyng cho
viing phfa tiy Thdi Binh Duong. Tuy shién,
¢bng viée cia ching ta 1a phdi x4c dinh cdc
hing s6 P,,C,K,.. d€ pht hdp véi cdc can bdo
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hoat d6ng & khu vuc Bién Pong vi & Vinh Béc
B& ndi ¢6 vi d0 vao khodng tir 6 dén 23 d6 vi
bic.

2. Phuong phap CIP (Constrained Interpo-
lation Profile)

Trén thyc t€ hiu hét cdc qud trinh ty nhién
thudng dién ra trong mdi trudng lién tuc nhung
dé gidi s0 cdc quad trinh vat I d6 ta phai thuc
hién rdi rac héa mién tinh. Muc tiéu ¢d ban
cla thudt gidi s 1a khoi phuc nhitng théng tin
bi mit (hay bi bd qua) giita cdc diém rdi rac
d6. Pa s cdc sd d0 s8 trude day déu khong
quan tdm d€n nghiém thyc phin bd bén trong
6 1wdi va do dé mitc d6 chi i€t quan tim & &
mtc kich thude Iudi chia(Ax, Ay) Phuong phdp
CIP do Yabe va nnk (1991) dd ¢6 gdng x4y
dung phan b8 nghiém & trong 6 1udi sao cho
gdn ding nhé&t d8i véi phin bd nghiém thuc
clia phudng trinh mé t4 v6i mdt s6 ap dit cu
thé. D€ dién t4 phuong phap CIP ta xét mdt
phudng trinh truyén t3i dang:

§£+u_ai=0
ot ax

(17)

Khi vén t6c¢ 4 1d mdt hiing 58 thi phuong
trinh (16) md t chuyén dong tinh tién don
gidn clia truding £ v6i to¢ d6 u . Dang phén bs
ban ddu (dudng lién nét trén hinh la) di
chuyén nhw duting @t nét trong trudng hdp
bi€u di€n lién tuc (hinh 1a). Tai thdi diém nay
* thi nghi&m tai cdc di€m Iu6i dugce ki hiéu bing
cdc dudng trdon va nd gidng nhir nghiém ding
tai cdc di€m dé. Tuy nhién, néu ta loai bd
dudng it nét nhw trén hinh 1b thi thong tin vé
hinh dang (profile) cia nghiém & trong & i
bi mit va rdt khé dé widng tugng ding profile,
khi d6 mgt cdch rdt 1y nhién ta ¢6 thé tdng
trgng dang profile ca nghiém nhu dudng lién
nét v€ trén hinh Ic. Nhy thé khuéch tén s8 c6
thé phdt sinh khi ta xdy dyng profile ctia
nghiém bing phép nodi suy wyén tinh mac d
dva trén cdc nghiém chinh x4c tai cdc diém
lwgi (xem hinh 1c). Qué trinh ndi suy nay dudc
thyc hién trong sd d6 Upwind (ngudc dong)
bac 1. Mit khdc, néu ta xdp xi ndi suy bling

ham béc hai thi s& gidp phdi k&t qua Ia céc gid
tri ndi suy vudgt qud gia tri thit, qud trinh ndy
duge thyc hién trong s¢ dd Lax - Wendroff
hodc sd db Leith.

a uht -_ : b

[ Y
»

.
[
1
3
'
3
4
H
1
T

[}
]
M
&
¥ 4

Hinh 1: Nguyén Iy ciia phuong phdp
CIP. (a): dudng lién tuc la duong ban diu va
duong ity nét la nghigm chinh xdc sau budc At ,
(b): nghigm tai titng diém riéng bigt. (c): khi
nfi suy tuyén tinh, xuét hién khuéch tin sé.
(d): so dé CIP, dao ham khéng gian cling di
chuyén va profile trong 6 Wwdi duge khoi phye.

Diéu gi da 1am nghiém kém chinh xdc di?
D6 14 do ta d3 bd qua cd ché phan b8 nghiém
phia trong & 1udi va ta di theo cdc nghiém lam
trdn. Do d6, ta thdy rdng phuong phép dua
nghiém thyc vio trong profile phan bd trong
6 ludi 1a rat quan trong. Phuong phép CIP da
dua ra cdch xap xi profile nhy sau:

Trude hét 18y dao him phuong trinh (17)
theo bién x ta thu dude: ‘
%) : Su
SrudE--Ze
Trong d6g=08/x1a dao ham khong gian ctia
f. Trong trudng hgp don gidn nhdt khi phuong
trinh (18) gidng nhv phudng trinh (17) 13 md
t4 chuyén d6ng cia dao ham khong gian theo
vén t8c u. Bing cdch sif dung phudng trinh nay
ta ¢6 thé theo ti&n trién theo thdi gian ciia fva
g dva trén cd sd phuong trinh (17). Néu g tinh
duge va di chuyén nhy trinh bay biing mii tén
trén hinh 1d, thi ta dé dang s dung cdc dao
ham g ndy dé wdng tugng ra nghiém va no s&
trd nén gan diing véi profile ban ddu (nghiém
ding) rét nhiéu.

(18)
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Né&u ¢4 hai gié tri clia f va g dude cho trude
tai hai di€m Iudi, thi profile cda cdc diém nay
c6 thé dudc nodi suy bing mét da thic bic ba
(Nakamura, 2001): :

F'(x)=a,X*+bX*+g'X (19)
Trongdd:
a = g?;fﬁ,’,,, N Z(ﬁ;?.f}:fp)
va (20)
, 31 2Ael )
‘ Ax} Ax,
Ax, =x,,—%; iup=i-sgn(u,); X =x-x, (21)

& day sgn () laham 14y ddu clia , x 12 toa
dd & phia ngudc dong cia diém xét sau bude
thoi gian Ar. Nhu vay profile tai budce thdi gian
(n+1) d& dang thu duge biing cdch dich chuyén
profile di mdt doan u; As (twong tf phudng phép
Lagrangian) vi thé:

=B (x —uAr) va gt =dF] (x, —u, At dx

do dé ta co:
f;nﬂ = ai‘:fg +bﬁ§i2 +g'&+ S | (22)

g Y= 3a.~‘§i2 +2b¢, + g/
Trong d6: & = —u,At
Nhu th€ phudng phdp CIP st dung phép

tinh tién Lagrangian trén nén ludi Euler, do dé

né thudc vao dang phuong phdp Semi - La-
grangian.

(23)

Thyc t€ tinh todn st dung phudng phip CIP
da cho thdy véi phuong phap CIP hién, ¢6 thé
stt dung vdi s8 Courant - Friedrichs - Lewy
(CFL) khd 16n ma so &6 vin rdt 8n dinh.

Ung dung phuong phdp CIP cho hé
phuong trinh nidc néng '

Vi hé phuong trinh nuée ndng ta c6 thé
bidu dién tdng quat dudi dang nhut sau:
i i 7 +v & =G

(24)
ot x Sy
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xpi_zxr' +§9 yp:‘

Trong d6 G bao gdm cdc s& hang v& phai
clia phudng trinh chuyén dong (gradient myc
nudce, 4p sudt, ¥ng suit gid, tng sudt ddy, luc
Coriolis, Igc nhdt).

Str dung thuét todn tach, ta di tim nghiém
ctia phudng trinh (23) theo hai bude (Yabe va
Aoki, 1991):

#* Bude 1. Pha truyén tdi (Advection phase)

Eai+;r,t—@:;+v~~a»?»{~l=O
ot ax . oy

* Buéc 2. Pha khong truyen tdi (Non-
advection phase) -

o _
o

(25)

(26)

Sau khi budc 1 duge gidi cho pha truyén tdi
thi budc 2 dugc tinh todn cho pha khéng truyén
tdi dya trén cdc gid tri vita tinh duge tir bude 1.

Trong budc 1 ta st dung nghiém gidi tich
dia phucng clia phuong trinh (23) dwdi dang
Lagrangian:

Syt + A= f(x,, 1)

Véi 'xpl‘:xi"{"g !ypi

(27)
=Yt E = AL, 1=V

Nhu thé phuong trinh (26) ¢é thé thu duge
biéu thifc hién theo cdc cbng thitc bing cdch
diing so d6 CIP luin chuyén cho ting hudng
0X Vi oy. '

=y, +n, &=—u M, n=-vAt

Sau khi tim dudc £ = f(x,,y .0+ A)

0 bude 1 thi gid trj clia f; tai bude thdi gian
(n +1) bao ham cd cdc déng gép clia cdc yéu
t& khdng thudc pha truyén tai s& duge gidi theo
phuong trinh (25).

_f,-m-l = f;nuﬂ* +GA[ (28)
BGi v6i ham gradient g ciia f (2 - é,g;) ~¢)

cling duge thyc hién tudng ty nhu ham f
nhung s dung cong thidc CIP (22).



3. K&t qué tinh todn _

K&t qué tinh dugc dp dung d6i véi con bdo
6 6 (Vicente)- 2005. Pay 1a mot con bio ¢é
58 lidu do thyc t&€ d€ so sanh. K&t qui tinh
trudng gié va dp theo md hinh Isozaki dudgc
thé hién trén hinh 2 va k&€t qud vé& trudng muc
myde ding do bdo va ddong chdy duge trinh bay
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Hinh 2. Trudong vécto vin tbc gié va dp liic 6h
ngay 18 thdng 09 ndm 2005

trén hinh 3.

Bang 1 trinh bay so sanh myc nugc dang
cyc dai tinh todn bing md hinh CIP vdi s& liéu
thue do trong con bio s6 6 nim 2005. Sai s&
gilta k&€t qud tinh todn va s& liéu thyc do giita
céc tram Hon D&y, Hon Nguva Hai Haula ¢6
thé chdp nhén duge.
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Hinh 3. Truong dong chay va myc nudc ding
lic 6h ngay 18 thang 09 ndm 2005

Béng 1. Bing so sdénh nude dang cyuc dai giita tinh todn va thuc do con béo s6 6 - 2005 (m)

Tén tram N
L, Hon Ngu -Hai Hau Hon Diw
Kiéu tinh
Tinh theo CIP 1,8 1,45 1,18
Thye do 1.6 1,76 1,00

" 4. K&t luan va ki&€n nghi

Phuong phdp gidi bai todn nudc ding do
bio bling gidn db CIP 1a m6t xu hudng nghién
citu mai. Pay 1& mdt phudng phdp gidi c6 d6
chinh xdc khé cao, cdc két qud tinh todn cho
thdy phuong phdp nay c6 thé ding dé s& dung
tinh todn trong cdc md hinh thity dong Ivc bién
khdc nhau.

Phuong phdp CIP md ra m6t hudng nghién
cttu mdi trong cdc bai todn dong luc bién va
séng ngdi. Do d6 can guan tAm nghién citu v
dp dung vao thyc tién.

Nghién cifu vé€ hién twong nudc tran trén
cdc ving dat thip do hidu ¥ng nude dang do
bio gy ra biing phuong phép CIP 1a ¢6 thé
thitc hién dudc.
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Anh: Thi CTD

Anh: Chuén bi cho chuyé&n khdo sit
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