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TOM TAT: Hién nay céac hat dong kinh € xa hji dang phét trén mznh ¢ khu vec dam Biy va
cac khu wc dao, vung wréc lan ain trong vnh Nha Trang. Cac ha déng diéu tra khio sat, ngh|en
cuu, t|nh toan cacéu moi treong, sinh thai, thy win, déng lec hoc cho khu vc nay tw nén It
sirc aip bach va én thiét phuc w cho cdng tac &o vé moi tnrong va phat tén bén vizng. Ching ta
biét rang viéc md pling, tinh toan twong dong chy trong khu wc 1a khéng i don gian do s cé
mat cia cacdaqo, dia hinhday vaduong by ¢ day kha plic tap. Bé khic phuc cac khé kiin trén
trong qua trinh mé phng treong dong chy ching t6ida tip trung vao véc xr ly va chi tét hda
cacdiéu kign bién va cacut lidu dau vao cho bai toan ﬂy dong lyc. Viéc 9r dung pheong phap
phan tr hiu hgn (FEM) dé tinh toan dong tdu da goép plin gidgi quyét cac kho khin (hen ck¥ cia
phwong phap) ma céac plng phap sai phandu hgn (FDM) dang dung pb bién hién nay trong
viéc tinh toan dong ely. Cac Kt qui nghién @u cho thiy cé & phu bop twong doi tot giira cac Kt
qua tinh todn dong tdu hing phrong phap FEM va cacék qui khio sat. Tr viéc so sanh cacé
qua tinh todn va é liéu khio séat rut ra nat 6 nhin dinh sau:

Dong trieu dong vai trd chi dao trong K thang dong chiy aia khu wc nghién ¢u.
Trong pha tréu xwng dong tréu co th dat 22,9 cm/s léng Pong Nam tréndng sau 19,2 m.
Trong pha tréu |&n dong tréu cé thé dat 19,4 cm/s hong Tay Bic trén ting mit.

So séanh cacd qui tinh ton mac nudc triéu dir béo vado dac thuc dia cho thiy sai $ lon
nhat Ia 19,1 cm, trung binh la 10 cm vadhhat 1a bang O.

Tir khéa Dong triéu, phin tr hitu hgn (FEM), dam Bdy, vinh Nha Trang.

MO PAU phap pln tr hitu han trong nghién eu hii
duong hoc bat dau tr nhirng nim 19704d¢é tinh
Phrong phap phn tr hiru han dugc phat toan dong téu boi cac tac gi nhe Connor and
trién tir th:ng ram 1950 - 196Qté g|a| quyet Wang (1973), Walters and Werner (1989), Le
CAC \an @ Vé co hoc dan 1bi, két ciu va sic  Provost and Vincent (1986) [3-5] . . #ing
bén vat li¢u. Sau nay plong phapdugc phat phap plﬁn tir hiru han dungdé tinh foan va mo
trién cho caaing ding khacdac biét la cac qua phong cac md hinh hoawt d& dugc phat trén
trinh vat Iy dwoc thé hién bing e cac plrong boi cac tac gi Fix (1975), Haidvogel et al
trinh vi phandao ham riéng. ¥ miat Iy thuyét  (1980), Myers and Weaver (1995), Iskandarani
phuong phap phn tr hitu han duoc mo6 & kha et al (1995), Haidvogel et al (1997), Wunsch et
chi tiét boi Zienkiewicz (1977) va Johnsonal (1997), Taylor et al (1997), Levin et al
(1990) [1, 2]. Cadrng dung thanh cong pfong  (1997,2006), Curchitser, E.N et al (1996) [6-
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12]. Sr dung phrong phap phn tir hiru dé glal

quyét cac bai toan thy dong lrc cho vung
nuéc ndngduoc phat trén boi Behrens (1996,
1998), Le Roux et al(1998), Giraldo F. X.
(2000), Giraldo, F. X. et al (2008) [13-16].

Ban dau phrong phap sai phani han
(FDM) duoc gr dung ©ng rdi cho vc tinh
toan trong dong chy dai duwong va bén boi vi
tinh don gian va khong 8n sr dung cac cong
cu tinh toan c6 & hinh mnh. V6i sy phat
trién nhanh ¢a khoa hc, cong ngh cac mo
hinh sai phanan ar dung mt s luong ft [on
0 ludi (dac biét voi cac bién didong, bién caio
sau thaydol dich chuyen theo tldi gian).
Trong thic té sy thaydol cac 0 lrgi nay rat han
ché do dic diém vé mat hinh ke (hinh cli
nhat haic vuong khongdol) Do tinh cht
khong ném cko cia cac Owsi tinh cho nén céac
két qua tinh cho céac vlng afia hinh plic tap
(mic du da duoc cii tién nhr h¢ théng hroi
long, bién dldong) van cho céac & qua khong
thuc sr my man. Plrong phap phn tir hitu han
(FEM) radoi co thé khic phuc duoc cac hn
ché cia phmng phap sai phania han (FDM).
NG c6 thé giai quyet tdt cac bai toan thy dong
cho ving méc ndng Wi hé théng & kdi bién
ddi linh dong v mat hinh ke vadic biét la co
thé tinh toan i hé théng 6 kéi phi cau tric
dapting cho cac khuuc dia hinhday phic tap.

Hi¢én nay cac hat dong kinh t xa M
dang phat tdn manh ¢ khu wc ddm Biy va
cac khu wc dao, vang mrgc 1an én trong ¥nh
Nha Trang. Cac ha dong dleu tra ko sét,
nghién @u, tinh toan cacdu t6 madi trrong,
sinh thai, tly vin, dong hrc hoc cho khu wc
nay t nén It sicc cip bach va an thiét phuc
vu cho cong tac & v¢ mdi truong va phat
trién bén virng. Chung ta Bt rang viec mé
phong, tinh toan trong dong chy trong khu
vyc dam By (vmh Nha Trang) la khéngéh
don gian do s c6 mat cia cacdao, dia hinh
day, duong hy kha phirc tap.

Chinh vi cac nguyén nhan trén chingd®i
st dung phrong phap phn tir hitu han (FEM)
dé tinh toan B théng dong tréu cho khu wc
nghién cu.

Trén @ sv cac Kt qua nghién ¢u cia Bui
Hong Long va Tén van Chung (2004 2005,
2006) [17-20] chang to6dad b sung va hoan

Tinh to4n dong aly triéu ti khu wrc ...

chinh thém céac pkong phap ¥ ly bién, cac tai
liéu dau vao cho nghiéniu nay.

TAI LI EU VA PHUONG PHAP
Phwong phap FEM giai hé phwong trinh
thay dong luc.

Céac pheong trinh neéc nbng

Cac phrong trinh nréc ndngdugc dungdé
mé #& cac qua trinh thy dong lrc & vung ara
song, cac thy vuc ven I ... H¢ cac phrong
trinh chi dao bao ém cac pltrong trinh lién
tuc va dong hrong Dé don gian héa cac

phueong trinh nay. Chiang ta &p nhin cac gi
dinh sau:

Mat d6 nudc khongddi.
Ap suit thing dung |a thiy tinh.

Chuyén dong ngang (binhuu) l6n hon
nhiéu so i chuyén dong thing ding @i luu).

Khi d6 chung ta co:
Phrong trinh liéntic :

oH

—+0Hv =0 (1)
ot

Phrong trinhdéng hrgng ngang :
E+ f xV+V IOV +g0d +—|v|” =— (2)

O day V : van toc trung binh theo ptong thing
dung (m/s), t: tvi gian (s),00: Toan tr Gradient
ngang, d6 cao mrc nudc trén k& mat bién so
véi muc nrde inh (m), g: gia 6C trong tnrong
(m/S), f: lyc Coriolis (8, c; hé 6 ma sat

day, H:d6 sau éng dng aia &t nusc (m) (Khi
muc negc nang én:

H= Jqdz+.zfdz:(H +&)5

. ~

Khi myc nuéc ha xuong: H = jdz:(H &)
-H

va hdo sau @adiém tinh (m).

Tinh to4an dong aly triéu

Dao dong triéu dugc md & bing céc
chuyén dong fai cAc nt trén cac biérsh
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Chung ta chn ham {rc tao tridu tong dng

dugc thé hién qua p hop cac daaiong thanh

va gr dung cacdiéu kién bién Dirichlet, trong phan [20]:

hé phrong trinh sau cac chég dong tridu

2(t) = Z, +Z f, (1) CA, EO{%[t—to]+(V(to) +U(t))k _”gk)

O day z(t): Do cao tréu tirc thoi dugc tao
thanh ai diém tinh (m), Z: Gia ti caia myc
nudc bién trung binh4i diém tinh so ¥i muc
khéng do sau (Hrong drong theo & 0 xudng
day); k: ch s cia cac thanh gim thay tridu, f,
VA (/(t,)+um),: Cac thong & thién vin phy

®3)
180

mot diém phy thudc vaodd ghd ghé cuaday. O
day chang t6i cbn CD nhr l1a k¢ 0 trng st
day. Chinh vidy: ¢g=CD 4)
Theo céc & qua nghién ¢u cia dé tai cip
nha nréc KT.03.03, ching t6i aim ¢; = 0.0026
[21]. Hé 6 nay chung t6i & sr dung thay cho

thuoc vao thi gian quan tic, tinh toan, trong CD cho toan & cac nut tinh.

d6 f, la gia ti biéndo diéu hoa , fy(t,)+u(), :
phadiéu hoa, A, g: hing  diéu hoa biénio
(m) vado tré pha thanh pin Greenwich ),
tat ca cacdai lugng trén ph thusc vao \ tri va
thoi diém quan tic, w: tan $ thay triéu thanh
phan (rad/s).
Hé s ma sétday ¢

~ Théng throng c6 3 cachié xacdinh cac
S0 nay: H s tro khongdoi (CD), gan dung
Manning (n), va gn ding Chezy (a). Cacghso
naydugc ar dung dé tinhtng st day trong 18
phuong trinhdong hrong.

Muc nuc tinh
7777777777777777777777777 z=0

z=-C

D6 cao bé mit

L,
Y &
Pay bién ran ~

~
~
~
~

> z=-h

z=-(h+h0)

Hinh 1. So db biéu dién cacdic diém hinh ke
sir dung trong mo hinh tinh

Ma satddy CD hdc he s tré khong doi
thuong dugc ar dung don gian nhr la ing sut
ma saiday doanh hrong aiadia hinhday. Luc
ma satday c6 gia tr khong doi khdng phu
thuoc vaodo sau médc. Ch co hang 9 tro tai
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Hinh 2. Cach Ib tri cac tham&theo Lréi tam
giac phan tr trong mo6 hinh
KET QUA NGHIEN CUU
Tai liéu dau vao
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Hinh 3. Truong doé sau (m)ing wi mac thay
tricu thap nhat tai dam Bay
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Hinh 4. Mang luéi tam giac dingé tinh clé
d6 dong tréu tai dam Bay

Dé tinh toan dong téu tai dam Béy, ching
t0i da © hda khu wc trong plam vi toa d6 tur
109,28908E dén 109,3030% (longitude) va
tr 12,18719N dn 12,20426%N (latitude)
(hinh 3). Mang ludi tam giacduoc xay drng
Vi goc arc tieu 30, dién tich tam giacec tiéu
xap xi 947,96 M cuc dai 2.495,58 m trung
binh 1.584,14 fi(hinh 4). $ diém tinh 428 vi
tong © 747 tam giac & 13 diem nat daaiong
tricu tai bién hy (hinh 4).D6 sau ac tiéu tinh
toan la 0,2 m, f5c thoi gian tinh 100 s, vong
l3p cho ndi budc thyi gian 1a 100, ham ¢ng
lrong 6 =1 (sai pharan, dam bio sr 6n dinh vo
dieu kign). H¢ 0 ma satday ¢ = 0,0026.bia
hinhday dugc thé hién ¢ hinh 3.

Water level (cm)

3 0
Time ()

Hinh 5. Daodong mrc nuéce triéu tai bién moy

Tinh to4n dong aly triéu ti khu wrc ...

Cac diéu kién bién: Tai bién my (hinh 4)
cac daadong mrc nudc trieu duoc the hién tai
hinh 5 va céng tirc (3).

Cac két qua tinh toan

Dong tréu duoc tinh cho céac thanh

M, S, Ny, Ky, My, Ky, O, Qq va B.

Chung t6i xaatinh cac chtiéu sauié phan
viing dong téu theo aong do dong.

ph

Téc do dongv| <10(cm/ s) : Dong tréu yéu.

Téc do dondlO(cm/s) <|V| < 20(cm/s):
Dong tréu trung binh
Téc do dong20(cm/s) <|V| <30(cm/s):
Dong tréu manh

CAc Kt gua tinh toan dong tréu

Dong triéu trong pha tréu xung
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Hinh 6. Phan 16 dong tréu tai dam Bay khi

manh nHit theo hréng Tay -Boéng arc dai la

triéu xubng (pha I)

Trong pha tdu kit dau xudng (ky hiéu 1)
(hinh 6), &i thoi diecm 66 gb tinh toan, dong
tricu arc dai trén toan vung tinh céot do
9,938 cm/s, tong chinh nam (176%1- goc
phueong M) tai d6 sau 1,0 m. Trénocsy cac Kt
qua tinh todn con cho fly ring dong tiu
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7,231 cm/sdi d6 sau 1,2 m; én dr vao phan
loai dongda trinh bays phan trén thi toan &
100% khu wc nghién @u thuoc loai dong tréu

yeu (tai 747 d|em t|nh) Nhin chung giatoan

triéu bit dau xuong c6 dong §u va hréng dong
kha phan tan. Lang dong chy chinh hréng ra
ngoai \inh @p trung ¢ phan ludng phiabéng

cua aradam.

Trong giai doan Il cua pha téu xudng
manh (hinh 7), i thoi diém 69 gi tinh, dong

triéu arc dai trén toan vung tinh 1a 22,923 cm/s
huéng Bong - Nam4i vi tri c6d¢ sau 19,18 m.

Tbc do dong tréu theo lréng Tay -PBong dat

cuc dai 17,633 cm/sdi vi tri c6do sau 1,2 m.

Vian toc dong @c dai theo hréng Bic - Nam la
18,726 cm/s,d vi tri c6do sau 4,89 m. di

thoi diém tinh toan dong % yéu phan b trén
khu wrc xap xi 94,4 % (ki 705 diém tinh) dong
triéu trung binh phan &dtrén khang 4,3 %
dién tich (ai 32 diém tinh) dong tdu manh ch

chiém 1,3% dén tich (ti 10 diém tinh).
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Hinh 7. Phan 6 dong tréu tai ¢dm Béy khi
triéu xudng (pha II)

Dong triéu trong pha tréu 1én

Pha tréu bit dau I&én (pha I, hinh 8)at thoi
diém 60 gbr trén mrc nuge, dong tréu arc dai
trén toan vung 1a 11,954 cm/sdng Tay Bic
tai vi tri c6d6 sau tong tng 19,18 m. Bc do
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dong a@c dai theo hr6ng béng Tay la
10,082 cm/sdi vi tri c6d6 sau la 1,2 m;éc do
dong arc dai theo hrong Nam Bic la
9,231 cm/sdi vi tri c6do sau 4,89 m. Trong
giai doan nay dong tdu yéu chiém 99,5% dén
tich khu wc (tai 743 diém tinh) dong téu
trung binh chchiém 0,5% (i 4 diém tinh) va
hoan toan khéng c6 khurg nao én tai dong
triéu manh.
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Hinh 8. Phan b _dong tréu tai ¢Am Béy khi
triéu Ién (pha I)
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Hinh 9. Phan b dong tru tai ddm By khi
triéu 1én (76 h, pha Il)



Pha tréu 1&n minh (Pha II, hinh 9)at thoi
diém 76 gb tinh toan, dong i arc dai trén
toan vung la 19,413 cm/arbng Bic (353,8,
tai vi tri c6 co6do sau 1,0 m. dc do dong ac
dai theo hJ:orng bong Tay la 19,213 cm/gitvi
tri c6d6 sau 1,2 m; $c do dong ac dai theo
husng Nam 10,229 cm/saitvi tri c6 do sau
4,89 m. Trong giaidoan nay dong téu yeu
chiém 98,7% dén tich khu wc (tai 737 diém
tinh), dong téu trung binh ch chiém 1,1%
dién tich khu wc (tai 8 diém tinh), dong tléu
manh cH chiém 0,3% dén tich khu wc (tai 2
diém tinh).

So sanh céac & qud tinh toan hing phweng
phap FEM Wi muc nwéc do dac tgi thuc dia

Cac Kt qua khao sat dong cly tai khu wic
nghién ¢u cho thy dong tréu chém 90%
dong chiy téng @ng.

So sanhdanh gia cac & qua tinh toan nrc
nudc VoI so ligu do dac myc nudce tai khu wic
nghién &u (hinh 10,duong net giandoan) va
duong dr bao @uong lién nét) ching ta ﬂy

hai dwong nay hoan toan trung pha va aé s

Tinh to4n dong aly triéu ti khu wrc ...

tuong quan caaén 98,9%. Mrc nuéc thuc t
do duoc c6 tié c6 kha nh%u yéu t6 tacdong vi
vay chung toida phan tich @t cach tiin trong
de loc cac daaiong ph| tréu (khdng tdn hoan)
dé co tha so sanh &i cac 1t qua tinh toan.
Thay triéu trong khu wc dam Béy la nhat tridu
(hinh 10): chan téu vao ltc 20 9 ngay 7 thang
05 condinh triéu lGc 11 h, ngay 08 thang 05
nam 2011.

water level (cm)
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Water level and predictive tide by modeling
in Bay lagoon - Nha Trang (date 07- 08/05/2011)
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Hinh 10. So sanh mc nuege tinh toan (d bao)

va muc nuée do dac

Bang 1. So sanh mc nuéc tinh toan (d b&o) king phrong phap phn tir hitu han FEM va nuec
nudc do dac thuc dia tai vi tri (109,2918E; 12,1956N) (Trén tam thec nghiém: ACIAR
LOBSTER PROJECT (hinh 11))

Ngay, thang, n am __ Thé&i gian do (h)

Sé6 liéu do dac (cm)

K étquatinh toan (cm)  Sais 6 tuyét d6i (cm)

5/7/2011 14:30 120,0
5/7/2011 15:00 110,0
5/7/2011 16:00 90,0
5/7/2011 17:00 70,0
5/7/2011 18:00 50,0
5/7/2011 19:00 30,0
5/7/2011 20:00 30,0
5/7/2011 21:00 30,0
5/7/2011 22:00 50,0
5/7/2011 23:00 70,0
5/8/2011 0:00 80,0
5/8/2011 1:00 100,0
5/8/2011 2:00 100,0
5/8/2011 3:00 110,0
5/8/2011 4:00 120,0
5/8/2011 5:00 130,0
5/8/2011 6:00 140,0
5/8/2011 7:00 150,0
5/8/2011 8:00 160,0
5/8/2011 9:00 170,0
5/8/2011 10:00 180,0
5/8/2011 11:00 180,0
5/8/2011 12:00 180,0
5/8/2011 13:00 160,0
5/8/2011 14:00 150,0

131,7 11,7
107,9 2,1
82,9 7,1
60,2 9,8
42,7 7,3
32,4 2,4

30 0,0
34,8 4,8
45,0 5,0
58,2 11,8
72,0 8,0
84,3 15,7
94,3 5,7
101,9 81
108,0 12,0
114,2 15,8
121,7 18,3
130,9 19,1
141,6 18,4
152,5 17,5
161,8 18,2
167,2 12,8
166,9 131
159,5 0,5
145,1 4,9
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Hinh 11. Tram do muc nuGce bién

NHAN XET VA TH AO LUAN

Viéc tinh toan dong ®#u bing phrong
phap FEM théng tlnong c6 Kt qua cao lon
pheong phap FDM, nguyen nhéan la douping
phap FEM c6 th chi tiét hoa I thong dong 4i
cac khu wc sat Iy (bién a@ng luc dia - bin),
tai CAc \i tri c6 sr thayddi manh aia dia hinh
day hdic tai cac \ tri c0do sau plic tap gay ra
cac héu ing aic b (dia phrong) aia ke thong
dong clay...

Tur cac Kt qua tinh toan dong téu tai dAm
Bay cho thiy cacdic diém sau:

Dong tréu chiém uwu thé trong khu wc
nghién eu (70 - 80% dong ely tong adng).

Tai thoi diém triéu xubng dong chy co
thé dat cuc dai 22,9 cm/s4i d6 sau 19,2 m.

Tai thoi diém tridu 1én dong chy co thé
dat cuc dai 19,4 cm/sdi d6 sau 1,0 m.

Ludng chinh éa dong tréu 1én, xwng
nam doc theo khu wc @n by phiabdng aia
dam. Sai gch gita cac Kt qua tinh toan ¢ bao
va Kt qua do dac thyc dia la co tid chap nhan
dugc (do diéu kién thiét bi, tram do ...). Két
qua tinh toan nxc nuée trleu dr bao vado dac
thuc dia c6 sai & lon nHit 1a 19,1 cm, trung
binh 1a 10 cm va rhnhit 1 king 0 (tf¢ hién
trén king 1).

Dong trleu trén toan vung nghiénira
tuong ddi yéu cac khu wc dong tréu trung
binh va manh ch chiém ti da 5% dén tich khu
vuc nghién ¢u.

Vi cacdinh hiéng quy hach, khai thac 10. Levin, J.

hop ly va phat tén bén viing thi viéc xacdinh
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kha nang traoddi nudce, tinh toan §c ti, xem
xét cac tacdong aia tai bén thién nhién, céac
rai ro vé moi tru:orng sinh thai khi khai thaars
dung thiy vuc nay la it cin thiét.

TAI LI EU THAM KH AO

1

o

Zienkiewicz, O. C., 1977 The finite
element method. Rayleigh Damping, Field
And Dynamic Problems.

Johnson, C., 1990Adaptive finite element
methods for diffusion and convection
problems. Computer Methods in Applied
Mechanics and Engineering2(1): 301-322.

Connor, J. J., and Wang, J. D., 19Rhite
element modeling of two-dimensional
hydrodynamic circulation. Massachusetts
Institute of Technology, School of
Engineering.

Walters, R. A., and Werner, F. E., 1989
comparison of two finite element models of
tidal hydrodynamics using a North Sea data
set. Advances in water resourcd(4):
184-193.

Le Provost, C., and Vincent, P., 1986
Some tests of precision for a finite element
model of ocean tides. Journal of
computational physic§52): 273-291.

Haidvogel, D. B., Robinson, A. R., and
Schulman, E. E., 1980The accuracy,

efficiency, and stability of three numerical
models with application to open ocean
problems. Journal of computational
Physics34(1): 1-53.

Myers, P. G., and Weaver, A. J., 1995
diagnostic barotropic finite-element ocean
circulation model. Journal of Atmospheric
and Oceanic Technolog¥2(3): 511-526.

Iskandarani, M., Haidvogel, D. B., and
Boyd, J. P., 1995A staggered spectral
element model with application to the

oceanic  shallow water equations.
International Journal for  Numerical
Methods in Fluids20(5): 393-414.
Wunsch, C., and Stammer, D., 1997
Atmospheric loading and the oceanic
“inverted barometer” effect. Reviews of
Geophysics35(1): 79-107.

G., Iskandarani, M., and

Haidvogel, D. B., 1997A spectral filtering



11.

12.

13.

14.

15.

16.

17.

18.

19.

Tinh to4n dong aly triéu ti khu wrc ...

procedure for eddy-resolving simulations Khoa hyc va Coéng nghbién, 5(Phy truong
with a spectral element ocean model. 4): 10-22.

Journal of Computational Physics37(1): g gy Hong Long, Tén Van Chung, 2006
130-154. Tinh toan tir nghigm dong cly ba chéu
Levin, J. C., Iskandarani, M., & Haidvogel,  (3D) cho vung inh Van Phong. dp chi
D. B., 2006 To continue or discontinue: Khoa hpc va Cong nghbién, 6(1): 12-27.

discontinuous Galerkin formulations in 2% BUi H6ng Long, Tin Van Chung, 2005
Tinh toan dong cty cho \inh Nha Trang.

spectral element ocean model. Ocean . L A .2 _
Modelling, 15(1): 56-70. '{a1p8ch| Khoa hc va Cong nghbién, 6(4):

Curchitser, E. N., Iskandarani, M., and
’ 22.Cushman-Roisin, B., and Naimie, C. E.,
Haidvogel, D. B., 19980‘ spectral eIement 2002 A 3D finite- element model of the

solution of the shallow water equations on L :
: Adriatic tides. Journal of Marine Systems,
multiprocessor computers. Journal of 37(4): 279-297.

Atmospheric and Oceanic Technology,
15(2): 510-521. 23. Greenberg, D. A., Shore, J. A., Page, F. H.,
Behrens, J., 1996 An adaptive semi- and Dowd, M., 2005A finite element

Lagrangian advection scheme and its circulation model for embayments with
parallelization. Monthly weather review drying intertidal areas and its application to
124(10): 2386-2395. " the Quoddy region of the Bay of Fundy.

Ocean Modelling10(1): 211-231.
Le Roux, D. Y., Staniforth, A., and Lin, C, .
A., 1998 Finite elements for shallow-water24- Haidvogel,  D. B.,  Curchitser, E,,

equation ocean models. Monthly Weather 'Skandarani, M., Hughes, R., and Taylor,
Review,126(7): 1931-1951. M., 1997 Global modelling of the ocean

and atmosphere using the spectral element
Giraldo, F. X., 2006 High-order triangle- b J P

thod. Atmosphere-Ocean 35(sup1):
based discontinuous Galerkin methods for ?065_5031 mosphere-Ocean,35(sup1)

hyperbolic equations on a rotating sphere,

Journal of Computational Physic&14(2): 25.Hanert, E., Legat, V., and Deleersnijder,
447-465. E., 2003 A comparison of three finite

. eIements to solve the linear shallow water
Giraldo, F. X., and Warburton, T., 2008 equations. Ocean Modelling(1): 17-35.
high-order trlangular discontinuous

Galerkin oceanic shallow water model26. Kashiyama, K., Saitoh, K., Behr, M., and

International journal for numerical methods ~ Tezduyar, T. E., 1997 Parallel finite
in fluids, 56(7): 899-925. element methods for large-scale

N YN computation of storm surges and tidal
.I?IL:]' hktlgg?] 5823 Cﬁ;ﬁg gﬁlgu %Egr:/%nsc:&o; flows. International journal for numerical
s6ng. Tp chi Khoa bc va Cong nghbién, methods in fluids24(12): 1371-1389.

4(3): 43-53. ' ' 27.Kowalik, Z., and Murty, T. S., 1993

. Y Numerical modeling of ocean dynamics
Bui Hong Long, Tén Van Chung, 2005 . L
Tinh toa% cac ing  didu hoa tltgi]y tridu (Vol. 481). Singapore: World Scientific.

va anh hréng aia nréc dang do baoamg 28.Legrand, S., Legat, V., & Deleersnijder, E.,

phuong phap phan tictiéu hoa thiy triéu 200Q Delaunay mesh generation for an
tai vinh Nha Trang. @p chi Khoa hc va unstructured-grid ocean general circulation
Coéng ngk bién, 5(1): 14-24. model. Ocean Modellin@(1): 17-28.

BUi Hong Long, Tdn Van Chung, 2005 29.Chuong trinh bén cip Nha mréc KHCN -

Mot vai két qui tinh toan dong téu theo 06. Pm Van Ninh - Chi bién (1996-
mo hinh ba clu tai dam Thi Nai. Tap chi 2000), Bén Bong - Khi trong thiy vin va

33¢



Bui Hong Long, Tén Vin Chung

30.

31.

dong hec bién, Tap 2, Nxb.Dai Hoc Quic the shallow water equations on the sphere.
Gia Ha Nbi, 2003, 565 tr . Journal of Computational Physics30(1):

Nechaev, D., Schréter, J., and Yaremchu.., 92-108.

M., 2003 A diagnostic stabilized finite- 32. Dobrindt, U., and Schréter, J., 2003j\n
element ocean circulation model. Ocean adjoint ocean model using finite elements:
Modelling, 5(1): 37-63. An application to the South Atlantic.

Taylor, M., Tribbia, J., and Iskandarani, ~ Journal of Atmospheric and Oceanic
M., 1997 The spectral element method for ~ 1€chnology2((3): 392-407.

CALCULATIONS OF TIDAL CURRENTS IN BAY LAGOON
(NHA TRANG BAY) USING FINITE ELEMENT METHOD

Bui Hong Long, Tran Van Chung
Institute of Oceanography -VAST

ABSTRACT: At present, development activities are vigorousling on in Bay lagoon (Nha
Trang bay). Therefore, investigation into the natuand environmental conditions in this area,
including the study and calculations of currentireg is very necessary and pressing. However,
modeling the current regime in this lagoon is rioide task because of many islands located in the
study area ... Their existence makes the long waresitnission into the bay more complex and
local-specific. Therefore, as we study the curresgime here, great attention is paid to the
detailization of the coastal boundaries. Using fimite element method (FEM) for calculating the
tidal currents has solved difficulties which hawehb faced by the finite difference method (FDM)
used previously. Initial research results show tthet outcomes by FEM agreed well with the field
data measured at random times. From the resultspcded by FEM, we have following remarks on
the tidal current regime in this bay:

At ebb tide, tidal current velocity can reach 228/s with direction of 137°3usually at
19.2 m in depth.

At flood tide, tidal current velocity can reach 4&m/s with direction of 3538at 1.0 m in
depth.

The comparison between the modeling sea leveldi@lddneasurements at the same position
shows the largest deviation being 19.1 cm, theagebeing 10 cm, and the smallest one being 0.

Keyworlds Tidal current, finite element method (FEM), Baydag, Nha Trang bay.
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