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TINH TOAN CAC Dép TRUNG SONG TAI VUNG NUGC NONG VEN BO
BANG MO HINH SO TRI - SWAN

LE DPINH MAU

Tom tcit: SWAN (Simulating WAves Nearshore) (a6 mé hinh s6 tri tinh
song thé heé thu 3. Mé hinh duge xdy dung trén co so phuong trinh cin bding
phé song hoat dong, dung dé tinh todn su truyén song (rén vang nuidc nong
ven bd ¢é dia hinh va dong chay bién déi phuc tap nhu vang cida séng, lach
thiy tricu, ddo va doi cdt..SWAN cho phép tinh todn cde higu ung nhu khic
xa, nudc noéng, phdn xq, ma sdt ddy, do nhao, song bac ddu, su tgo séng boi gié
dia phuong, tuong tdc phi tuyén giva song - dong chdy, séng - séng. Cdc ddc
tring song ngoai khoi duoe xdac dinh bang mdé hinh s6 tri Dolphin, day la mo
hinh phd ndng luong song cho phép tinh todn két hop song gio va séng ling.
Qui trinh tinh song trén da duoc dp dung cho viang bién Cua Pai (Héi An)
trong mot s6 truong hop tao séng dién hinh, s6 Léu tinh todn phe hop khd tét
vl s6 lidu do dac. Két qud nghién ciu cho thdy rdng ddo Cia Lao Cham, truing
gis dia phuong va hé dong chdy cé vai tro rdat quan trong trong viée phan ba
nang lwong song tai khu vwe nghién cuw. Co the dp dung mo hinh si try SWAN
deé tinh todn su truyén song trong vung nuvc nong ven bo cé diéu hién tao song
phiec tap trén toan ddi ven bién Vigt Nam.

I. MG PAU

Hién nay khoa hoc du bdo séng bién da dat duge nhiing tién bd rat ddng ke
vdi su xuat hién thé hé thd 3 clta cdc md hinh s8 tri tinh séng (WAMDI Group,
1988). SWAN la m6 hinh s6 tri tinh séng thé hé thd 3 (Booij, ef al., 1999), duge
xay dung trén co s6 cdc cong thdc mdi nhat cua khoa hoc du bdo séng, dung de
tinh cdc ddc trung séng tai ving nudc noéng ven bd, ving cua séng, lach thay triéu.
nadi ¢é su bién dé6i phide tap cGa dia hinh ddy va dong chay. SWAN cho phép tinh
cdc hiéu 1iing nhu khuc xa, nude noéng, phan xa, ma sat ddy, dé nhao, tao séng bdi
gi6 dia phuong, séng bac dau, tudng tdc phi tuyén gitta séng — dong chay, séng -
song (quadruplets, triads). SWAN c¢é han ché trong viée tinh hiéu dng nhiéu xa, do
vay cac dac trung séng nim ding sau cdc ddo nhd, cdc doi cat hodc vat chén trong
pham vi vai dd dai séng chi cé tinh chit tham khao.

Tinh todn cédc ddc trung séng tai vang bién Cua Pai (Hoi An) dd duge mét sd
tdc gid tién hanh. Nguyén Thé& Tudng (1995); Bui Hong Long va Lé Pinh Mau
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(2000); Lé Pinh Mau (2002) da st dung md hinh khice xa séng ¢6 tinh dén hiéu
ing khiae xa, nude ndong, ma sat day, ddé nhdt chia nuée bién, do tham cua day bién.
Phan Quang va nnk (2000) da st dung mé hinh truyén séng cua Berkhoff (1972) ¢¢
tinh dén hiéu ung khuae xa, nhiéu xa, ma sat day va d6 nhao. Han ché lon nhat
cua cac mo hinh trén la khéng tinh duge su tuong tac gilfta sé6ng — dong chay, song
— s6ng va su tao séng boi gi6 dia phuong.

Trong bai bdao nay tac gia giéi thiéu tong quat md hinh s6 tri SWAN va dp
dung dé tinh toan cac dac trung séng tai vang bién Cua Dai trong mot sé dicu
kién tao séng dién hinh:

- Séng 61 ngoai khoi ¢6 huéng Péng Bac (NE)

- C6 va khong ¢6 gié dia phuong

- Pha triéu lén va pha triéu xudng |

Pé kiém ching két qua tinh todn cia mé hinh s6 liéu do song, dong chay,
gi6.. duge lay tur Pé tai KHCNO0608 (Lé Phude Trinh, 2000). Dia hinh vang bién
Héi An duge lay tir Hai do ti 1é 1:100.000 xuat ban nam 1980 cua Hai quan nhan
dan Viét Nam (trong dé dia hinh khu vue Cia Pai ldy tia Bé tai KHCNO0608, nam
1998). Pham vi 4p dung md hinh la toan bd viung bién Hoi An. Két qua tinh todn
duoe thé hién cho khu vue cda séng - ven bg Cla DPai.

Vi tri, dac diém dia hinh khu vue nghién ctu thé hién trén hinh 1.
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I1. PHUONG PHAP

1. M6 hinh sé tri tinh séng bién khoi (Dolphin):

M6 hinh sd tri tinh séng bién khoi Dolphin (Mandal, 1985) tinh todan két hogp
séng gi6é va séng limg. Phuong trinh can bing nang lugng phd séng hai chiéu cho
trudng hgp séng gié trén huéng 6 la:

dE (0)
dt

O day:

E,(0) = mat 46 nang lugng phd cha séng gié trén hudng 8 (m*/rad.)

S(6) = toc do bién doi cia E,(6). Néu E, nhd hon gidi han qui uée né dai
dién cho trudng hop séng dang ph4t trién, nguge lai dai dién cho truong hop séng
liing (m*rad/s).

S.(f0) = téc dd chuyén giao clia nidng lugng séng limg 2 chiéu E, sang séng
gi6 c6 cing tdn s6 (m*/rad/Hz/s).

0 = huéng séng tdi (rad); f = tan s6 séng (Hz).

Phuong trinh cdn bing ning lugng phé séng hai chiéu trong trudng hgp séng
litng tit huéng 6 duge trinh bay bing phuong trinh sau:

fi_ii — —BS, (f,0) - S,(¥.0) - S:([,0) (2)

3 day:

Ex(f,6) = mat dd nang lugng phd hai chiéu ecda thanh phan séng limg véi tan
s6 (f), hudng truyén (8) (m%rad/Hz).

B=1néu S, <0

B=0néu S, >0

S,;; = téc d6 bién déi cta E, tuong iing vé1 S, khi S; ¢6 gid tri &m (phén b6
tan sd cha S, cé6 dau nguge lai).

S, = tée dd chuyén giao cua ning lugng séng lung K, sang séng gié ¢é cung
tdn s8, (gid thiét gia tri E; > 0) (m*rad/Hz/s).

S; = toe dd bién ddi cia ning luong séng ling gay bdi hidu dng nudc nong
(dung cho truong hgp nudc néng).

* §§ liéu d:u vao cia md hinh 1a: vi tri diém tinh, trudng gié (tdc do, hudng),
thoi gian tdc dong cua gid.

* S@ liéu dau ra cda mo hinh la: dd cao séng hiu hiéu (H,), chu ky caa dinh
phd séng (T,), d0 phin tdn cda phé ning luong séng (coefficient of spectral
directional spreading - DSPR) va hudng séng (6 (d))).

= $5,(0) + [S:(f.0)df (1)

2. M6 hinh sd tri tinh séng viing nudc néng ven bd (SWAN):
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Cdc dic trung séng tai vang bién Hoi An duge xdc dinh bing mé hinh s tri
tinh séng SWAN (Booij, et al., 1999; Ris, et al., 1999; Holthuijsen ef al., 2003).
SWAN dugc x4y dung trén co s& phuong trinh can biang hoat ddng phé (spectral
action balance equation) nhu sau:

2 e B R SO R 2 N g el (3)
a T Ty e PY: =
Gdﬁy:

N= mit d6 phé hoat déng (action density); t = thai gian.

C,, Cy = tdc 43 lan truyén cda N theo toa d9 khong gian x va y.

C,, Co = toc dd bign d8i cGa N theo tan s6 tuong ddi o va hudng 6.

S = S(5,0) 1a ham ngudn (mat d) nang luong) dai dién cho qud trinh tao séng
(generation), phan hiy (dissipation) va tuong tdc phi tuyén gilta séng — séng
(nonlinear wave-wave interactions) va song-dong chay.

Cédc thanh phén co bdn c¢(a ham nguén dugc trinh bay nhu sau:

Sw thanh tao song boi gibé dia phuong (wind input)

Puge miéu td bAng su phat trién theo qui luat tuyén tinh vA ham mi cta
song:

Sin(0,0) = A + BE (0,0) (4)

J day:

Sin (6,08) = ning lugng dugetiép nhan ti gié dia phuong.

A, B = hé s phu thudc vao tin sé séng, hudng séng, téc d§ va hudng gié.

E(0,8) = mat 4§ nidng lugng séng.

Sy tiéu tan nang lugng bdéi séng bac dau (white capping dissipation)

o
Sdew (0,0) = - {T? E (0,9) (5)
G day:
Secw (6,8) = tidu tdn ning lugng bdi séng bac dau.
I' = hé s8 phu thudc vao dd déc séng.

k = s0 séng
O,K = tdn s6 va sb séng trung binh.

Su tieu tan nang luong séong béi ma sat day (bottom friction)
2

= E(c,0) (6)
g’ sinh”® (kd)

Sda.b (6,8)=-Cpottom

o) day:

Sq4sp (0,0) = tiéu tdn ning lugng boi ma sdt day.

Chotton = hé s6 ma sat d4y.

Sw tiéu tan ndng luong bdi séng dé nhao (depth induced wave
breaking)
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Dmf

Saspr (0,0) = E (a,0) (7)

feaf

J day:

Susnr (0,8) = tidu tdn nang luong bdi séng dé nhao.

E.. = ning lugng tdng cing cla séng.

D, = toc do tiéu tdn nidng lugng cda E,, trong qud trinh dé6 nhao, né phu
thudc vao thong s d6 nhao ¥ = Hyua/d (Hpa 12 46 cao séng tai diém cé 46 sau d), &
day vy =0,73.

D6 dang mue nude do song (wave induced set-up)

D6 dang muc nudc do séng la mot tham sé trong viée xdc dinh muc nuée
thiét k&, né duge tinh bing tich phan theo phuong thang ding cua phuong trinh
can bing momen sdéng, tifc cAn bing gidta luc cua séng (theo hudng vubng géc véi
bé) va gradient cua dp luc thuy déng, duge trinh bay bang phudng trinh sau:
on
ox

G day:

F, = luc cua séng

d = 80 sau téng cng

1 = muc nuéc trung binh

g = gia tdc trong trudng

D6 didng muc nudc do séng sau khi duge tinh todn bdi mé hinh, né duge tu
dong cong vao ma tran dé siu dé tinh cac dic trung séng. Gid tri cua do ddng muc
nudc do song chi dang ké & ddi ven bd va tai cdc thiy cong trinh.

Trén day la nhitmg céng thidc co ban nhat, nhimg chi tiét toan hoc khdc cia
mé hinh nhu tuong tdic phi tuyén séng —séng (triad and quadruplet wave-wave
interactions), tinh todn su truyén séng qua dép, k& (wave transmission),.. xin tham
khéo trong Qui pham st dung SWAN (Holthuijsen et al., 2003).

Pham vi ap dung mé hinh tinh séng SWAN la toan bd ving bién Hdi An tu
108, 240°E dén 108. 645°E va tir 15. 695° N dén 16. 124° N (45.00 x 47.75 km) vdi
kich thudc 6 ludi tinh 1a 250 m x 250 m (hinh 1). Pham vi bién d6i cha tan s6 séng
1a 0,052 = 1,0 Hz vét budce tinh la Af = 0,1f; hudng song la 0 + 360° vé1 bude tinh
la A8 = 10°

Sé liéu dau vao cua md hinh la:

- Cac tham sé séng ngoai khoi: Hy, T,, DSPR va 6 duge lay tu két qua caa mé
hinh tinh séng Deolphin.

- Trudng gié dia phuong (toc d§, huéng).

- Trudng dong chay (téc 9, huéng).

- Ban d6 phan bé d6 siu cua vung nghién ciu.

86 lidu ddu ra ciia mdé hinh 14 cdc dic trung séng: dé cao séng him hiéu - H,,
hudng séng trung binh - 0, chu k¥ séng trung binh - T, chu k¥ ctia dinh phé séng -

Fx + gd — 0 {8)
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T,, 46 dai séng trung binh - L, hé sd phan xa, d6 ddng muc nuéc do séng - wave
setup, hé s truyén séng qua dép, ke, va cdc dic trung phé ning luong séng khéc..

Do khuén khé cGa bai bédo tdc gid chi di siu gidi thiéu cdc kha ning chi yéu
cia mdé hinh nhu tuong tdc séng — gié, séng — dong chay lén su phan bo cdc dic
trung séng nhu dd cao séng hitu hiéu - H,, huéng séng trung binh - 8 va chu ky
séng trung binh -T.

II. KET QUA

1. Két qua mé hinh héa va kiém chyng:

So liéu do s6ng tai tram S2 va tram O4 trong dot khio sdt 8/1999 cda Dé tai
KHCN 0608 di dugc st dung dé kiém ching két qua tinh séng ctia md hinh. Céc
di liéu so sanh dugc thé hién trén hinh 2.

* Tai tram S2 (¢ = 15°52.834'N; A = 108°23.693’E)

Két qué so sdanh thé hién trén hinh 2a, ta thay:

- Sai 56 tuyét d6i trung binh gitta do dac va tinh todn d9 cao séng hitu hiéu 1a
0,15 m, sai s0 tuong d6i trung binh la 16,2%.

- Sai s6 tuyét d6i trung binh giita do dac va tinh todn chu ky séng trung binh
ia 1,1s, sai sd tuong déi trung binh l& 15,6%.

- Sai s0 tuyét déi trung birh giita do dac va tinh toan huéng séng la 11°.

* Tai tram 04 (¢ = 15°%63.689°N; A = 108°23.870°E)

Két qué so sdnh thé hién trén hinh 2b, ta thay:

- Sai s0 tuyét ddi trung binh gitta do dac va tinh todn 46 cao séng hitu hidu la
0,14 m, sai s6 tuong d6i trung binh 12 18,1%.

- Sai s6 tuyét doi trung binh giita do dac va tinh todn chu ky séng trung binh
14 0,8s, sai s tuong déi trung binh la 14,8%.

- Sai s6 tuyét déi trung binh giita do dac va tinh todn hudng séng 1a 13°.

Két qué ki€m chitng cho phép ching ta két luian cé thé 4p dung cde md hinh
trén dé€ tinh cdc dic trung séng tai vang bién Cira Dai.
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2. Anh hudng cia truong gié dia phuong 1én su phan bo cac dic trung séng:

Hinh 3a I két qua tinh truéng dd cao séng hitu hiéu cho ving bién Cia Dai
v6i diéu kién séng ngoai khoi 1a: H, = 1,5 m, T, =5,3 s, 6 = 45° va DSPR = 27,2;
gié dia phuong ¢é6 V = 10 m/s va 6 = 45°,

Két qua tinh todn cho thdy ngoai khoi viing bién CIIB. Pai H; = 1,5 m, khi
tiép can dai ven bd H; 1,0 m do hiéu ng nudc ndng, ma sat ddy va dé nhao.
Pang sau ddo Ci Lao Cham séng mdéi duge hinh thanh bdi gié dia phuong nén dé
cao séng 16n dan khi di xa khéi ddo. Nhin chung khu vyc giita ddo va dudng bd cé
H, ~ 1,0 m. Trong trudng hgp nay viung khuit séng tao bdi ddo Cu Lao Cham
khong duge thé hién rd nét.

Hinh 3b 14 két qua tinh truong 4o cao séng hitu hiéu véi diéu kién séng ngoai
khoi giong nhu trudng hgp (a) nhung khéng c¢6 gié dia phuong, tic chi ¢é séng limg
ti ngoai khoi truyén vado. Ta thdy khu vue phia Nam cta Cia Pai roi vao ving
khuat séng ctia ddo Cu Lao Cham vé6i 49 cao séng phé bién H, < 0,7 m, ngay ding
sau ddo Cu Lao Cham H; < 0,5 m, viing nudc sdu xa bd H, = 1,2 m, ddi ven bd phia
Bic An Bang va phia Nam Lam Léc H; = 0,7 + 1,0 m. Phén 1én viing nudc giita
Ciuta Pai va dao Cu L.ao Cham ¢6 H, = 0,7 m.

M4t sau cua ddo Cu Lao Cham séng méi duge hinh thanh béi gié dia phuong
¢6 huéng di vé phia Ca Pai (hinh 3a). Nguogc lai trudng hop khong cé gié dia
phuong chi cé séng limg tir ngoai khoi truyén vao (hinh 3b) mit sau ciia ddo Cu
Lao Cham séng tir 2 phia do vé va ¢6 huéng di vao mit khuit séng clia ddo dudi
tac dung cthia hiéu itng khic xa va tuong tdc phi tuyén séng - séng.
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Hinh 3: Trudng dé cao séong hiiu hiéu tinh toan tai vung bién Cua Dai
(Song ngoai khoi: Hy = 1,6 m, T, = 5,3 s, 0 = 45°, DSPR = 27,2)
(a): gid dia phuong V= 10 m/s, 0 = 45% (b): gi6 dia phuong V= 0 m/s
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(a)

15.875 N+

o

o ==== = duiing ditng <in (m) ”

-, 0.5 o poits vav oBE L aal
r,’ I > I'I‘IHI*I!'. n chi hm”!“ xOng
con &0 ehi dd cao song (m)

i

(b)

15.875 M-

-

-=== : duiing dang siu (m)

0.3, 1 miii tén chi hudng song

con s6 chi d) ¢ao song (m)
— 3 : huidng dong chay

250 SO0 m

1 10
108.390" E

Hinh 4: Phan bd d6 cao séng hiau hiéu doc theo lach thay triéu Cia Dai
(Séng ngoai khoi: Hg = 1,6 m, T, = 5,3 5, 0 = 45°, DSPR = 27,2;

gi6 dia phuong V= 10 m/s, 0 = 45°)

(a): pha triéu xuéng (V = 0,8 m/s); (b) : pha triéu lén (V = 0,7 m/s)



(a)

-

15.875° N-

—

==== : duding dang shu (m)

24 mibi tén chi hudng sing
con 56 chi chu ky séng (s)
—_— )’ : hudng dong chay

(b)

15.875" N=

s mui Lén chr hudng song
con s ¢ chu Ky séng (m)

— > : hutdng dong chay

| | | I | | 1

1 1.
108.390 E

Hinh 5: Phan bé chu ky séng trung binh doc theo lach thuy triéu Cia Pai
(S6ng ngoai khoi: H; = 1,6 m, T, = 5,3 s, 0 = 45°, DSPR = 27,2;
gi6 dia phuong V= 10 m/s, 0 = 45°)
(a): pha triéu xudng (V = 0,8 m/s); (b) : pha trieu lén (V = 0,7 m/s)

3. Anh hudéng cua dong chay lén su phan bé cde dic trung song:

Anh huéng cua dong chay 1én su phan bé cac dic trung séng duge nghién ciu
cho khu vue doc theo lach thiy triéu tai Cia Pai vdi edce s6 liéu nhu sau:
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- Téc A9 dong chday V = 0,8 m/s (pha triéu xudéng), V = 0,7 m/s (pha triéu lén)
va phan bd dong nhat doc theo lach thuay triéu.

- Séng ngoai khoi: Hi=1,6m, T, = 5,3 s, 8 = 45°, DSPR = 27,2.

- Gié dia phuong: V= 10 m/s, 0 = 45°.

- Anh huéng cta déng chdy lén su phin bd dd cao séng hdu hiéu va huéng
song duge thé hién trén hinh 4a va 4b.

- Anh hudng ciia dong chdy lén sy phan bd chu ky séng trung binh duge thé
hién trén hinh 5a va 5b.

Nhin chung khi huéng séng tdi ngugec véi hudng dong chay (hinh 4a) dé cao
song tang lén khoang 0,1 + 0,2 m so vdi trudng hop huéng séng va huéng dong
chdy ciing chiéu (hinh 4b). Trong pha triéu rit hudng séng ¢6 xu thé phan tin vé 2
bén bd cba lach thiy triéu, nhung trong pha triéu l&n séng hau nhu truyén song
song vdi truc cua lach. Khu vyc bén ngoai Cia Dai 4nh huéng clia dong chdy lén
huéng séng manh hon khu vyc bén trong (d9 chénh léch 16n nhat cia hudng séng
gitta hai pha triéu = 20").

Tir hinh 5a va 5b ta thdy trong pha triéu xudng (séng va dong chdy ngugc
huéng) chu ky song bi gidm rat nhiéu, cAng vao sau trong sdéng chu ky cang gidm
manh. Khu vyc bén ngoai clta chu ky trung binh = 5,0 s, nhung vao siu trong song
chu ky giam xudng con = 2,3 s. Nguge lai trong pha triéu 1én (séng va dong chdy
cang chiéu) chu ky séng tang lén ddng ké, cang vaoe siu trong sdong chu ky séng
cang tAng, khu vue bén trong cia chu ky séng tu gid tri 2,3 s trong pha triéu xudng
tang lén gi4 tri 5,9 s trong pha triéu lén.

IV. KET LUAN

Tl céc két qud nghién cdu trén ¢é thé rit ra nhimg két luan sau:

1. Vung bién Cida Pai (Hoi An) 132 mét ving nudc ndéng ven b& dién hinh cé
dia hinh ddy va dong chdy c¢6 bién d6i phitc tap, cdc dic trung séng ddng thoi bi
tdc dong bdi cac hiéu Ung: nudec néng, ma sdt day, khic xa, nhiéu xa, phan xa, d6
nhao, thanh tao mdi bdi gié dia phuong, bac dau, tuong tiac phi tuyén giita séng —
song, séng — dong chdy...Bdi vay can ing dung phuong phédp tinh todn hoan thién
hon, do la mé hinh SWAN da dugc gidi thiéu trén day.

2. Két qua tinh toan cdc dic trung séng phu hop véi so liéu do dac, diéu d6
cho phép ching ta ¢6 thé d4p dung md hinh s& tri tinh séng SWAN dé du bdo céc
dac trung song cho vang bién Cka Dai néi riéng va c¢é thé cho cdc ving nuéc nong
ven bo khac nita.

3. Truong gié dia phuong, hé dong chdy va ddo Cu Lao Cham cé vai tro rat
quan trong anh hudng tdi su phan bd cdc dic trung song (dd cao, chu ky, hudng
séng...) tai ving bién Cira Pai.
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LOI CAM ON

Téc gia chan thanh cdm on TSKH. Lé Phudc Trinh chu nhiém Dé tai khoa

hoe cAp Nha nuéec KHCN 0608 cing cdc dong nghiép dia tao moi diéu kién thuan
lgi cho viée thu thap sd liéu va dong vién khich 1é trong qud trinh hoan thién bai
bdo nay.
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COMPUTATION OF WAVE CHARACTERISTICS IN THE COASTAL
SHALLOW WATERS USING NUMERICAL WAVE MODEL - SWAN

LE DINH MAU

Summary: SWAN (Simulating WAves Nearshore) is a third-generation numerical
wave model. The madel based on the spectral wave action balance cquation can be
used for computation of wave characteristics vver arbitrary bathymetry and current
fields in coastal areas, tidal flats, tidal inlets, channels, barrier islands, cstuaries
cie. The model accounts for gencration by wind, wlitc-capping, nonlincar wave-
current, wave-wave intertctions (quadruplet, lriad), bottom friction, shoaling,
refraction, and depth-induced wave breaking. The offshore wave parameters were
estimated by using Dolphin wave model. It is a hybrid point model as the
combination of the parametric wind-sea and spectrally treated swells. The wave
characteristics for typical conditions in the Cua Dai (Hoi An) area were estimated
by using the above models, model results agreed well with measured ones.
Obtained model results showed that Cu Lao Cham island, local wind and current
conditions have an important role in the distribution of wave energy in the study
area. The numerical SWAN model can be applied for further assessment of wave
characteristics in the Cua Dui arca and the coastal waters of Vietnam.
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