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Development of a wave-current model through coupling of FEM and SWAN models
in Nha Trang bay

Tran Vin Chung”, Ng6 Manh Tién, V4 Vin Quang
Tran Van Chung”, Ngo Manh Tien, Vo Van Quang

Vién Hai dwong hoc, Vién Han lam Khoa hoc va Cong nghé Viét Nam (VAST)
Institute of Oceanography, VAST

(Ngay nhdn bai: 23/11/2020, ngay phdn bién xong: 05/12/2020, ngay chép nhdn dang: 20/12/2020)

Tom tat

M6 hinh séng SWAN (phi€n ban 41.31) v6i lu6i phi chu tric da duoc ap dung thir nghiém vao tinh song tai ving bién
Nha Trang. Dic biét, ¢6 thé sir dung cung mang ludi tam giac phi céu trac trong tinh toan dong chay bang phuong phap
phan tir hitu han (FEM). M6t su két hop hé thong song-dong dugc phat trién trong bai béo nay la su két hop hai mé
hinh, md hinh thuy dong luc theo phuong phap phan tir hiru han (FEM) va md hinh séng gan bo (SWAN). Diéu nay rat
hiru ich trong giai quyét bai toan twong tac song - dong va song - song. Nhing két qua budc du cho thy, cach tiép can
g dung mo hinh tinh séng nay 1a hop 1y, 6n dinh cho budc thoi gian bét ky cho mang ludi 1am min, mang dic trung
dia phuong trong ving nghién ctru.

Tir khéa: M6 hinh két hop; SWAN; Ludi phi cau tric; Sai phan hitu han; Phan tir hitu han.

Abstract

The wave model SWAN (version 41.31) with unstructured grid has been applied for Nha Trang waters. In particular,
the unstructured meshes (triangular mesh) can be used in order to calculate the flow by finite element method (FEM).
A coupled wave-current system has been developed in the present paper based on two open source community models,
the Hydrodynamic model by finite element method (FEM) and the Simulating WAves Nearshore (SWAN). This is very
helpful in solving the problems of interactions between wave-current and wave-wave. It indicates that the SWAN model
approach is reasonable, stable for any time step while permitting local mesh refinements in interested areas.

Keywords: Coupled model; SWAN; Unstructured grid; Finite difference; Finite Element.

1. Mé déu [1];Li va Johns, 1998 [2]; Bever va

Song va dong chay thuong twong tac ro rét ~ MacWilliams, 2013 [3]). Cac twong tac nay la
& ving nude nong dudi cac diéu kién truong d6  phi tuyén va phic tap (Olabarrieta va nnk.,
sau phirc tap va dong vai tro chinh trong van 2011 [4]; Roland va nnk., 2012 [5]; Benetazzo
chuyén trim tich, tién hoa hinh thai vapha  nnk. 2013 [6]). Mot mat, gradient cua Ung suat
tron chit 6 nhidm (Rodriguez va nnk., 1995  birc xa két hop vdi song trong lyc, tong lyc day
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ngang tac dong boi song 1én trén bai bién va
khu vuc gan b 1am thay doi dong chay doc bd
(Longuet-Higgins, 1970 [7]; Garcez-Faria nnk.,
2000 [8]) va do d6 anh huéng dén muc nudc
trung binh bang cach ting muc nudc
gin bo hodc giam muc nudc gan diém song do
(Longuet-Higgins va Stewart, 1964 [9]; Guza
va Thornton, 1981 [10]). Trong khi d6, song
trong viing séng do co thé ting cudng pha tron
theo phuong ngang va luc can day. Mat khac,
su thay d6i muc nude va dong chay cé thé anh
huong dén su chuyén dong va phat trién cia
song (Dutour-Sikiric nnk., 2013 [11]; Allard
nnk., 214 [12]).

Bai bdo nay thuc hién mdt ung dung mdoi
cua mO hinh SWAN (phién ban 41.31, cap
nhat moi nhét t6i thoi diém nay) véi ludi phi
cdu tric vao vung nghién ciru c6 dudng bo
bién d6i phtc tap, bién md rong, xir 1y bién
khé phuc tap va khong thuan lgi cho lan
truyén séng. Phién ban nay sir dung khac doi
chuat so v6i ludi phi cu triic véi cac ki thuat
l3p di 1ap lai bon hudng Gauss-Seidel tuong tu
tir phién ban céu trac cia SWAN, doi hoi sy
thich nghi trong I8i tinh toan. Diém ndi bat cua
thuat toan ludi phi cdu trac nay 1a khong theo
phuong phap thé tich hiru han hodc phuong
phap phan tir hitu han theo phuong phap sai
phan hitu han truyén théng. Véi 16 trinh thyc
hién & day, mo hinh nay van gitt duoc qua
trinh vat ly va s6 hoc va cdu trac ma sb caa mod
hinh 1u6i cdu trac SWAN, nhung c6 thé chay
trén mang lu6i phi cdu trac. Phién ban mdi
nhat luén dugc cap nhat tu trang web:
http://swanmodel.sourceforge.net/. Cac phién
ban SWAN da dugc ching t61 tng dung thanh
cong khi két hop voi mé hinh thiy dong luc
theo phwong phap phan tir hitu han (FEM). Cac
cong trinh cong bd dién hinh, ap dung mé hinh
SWAN véi ludi phi céu trac da duoc ap dung
thir nghiém vao tinh todn céc dac trung song tai
ving bién Pam Biy (Nha Trang) c6 xét dén

twong tac song - dong theo pha triéu 1én va pha
tridu xubng (Tran Van Chung va nnk., 2015
[13]) va trudng song do anh hudng cua ché do
gi6 mua Ninh Thuan - Binh Thuan (Trdn Vin
Chung va nnk., 2016 [14]). Day la phién ban dau
tién dugc chung téi ung dung trén tuong tac
s6ng - dong do anh hudng ché do gio mua trén
khu vue khong thuan loi cho lan truyén séng.

2. Tai liéu va phwong phap

2.1. Mo tda mé hinh

2.1.1. M6 hinh SWAN

Cac mo hinh song dugc str dung trong nghién
ciru nay 1a cac mo hinh song thé hé thu ba
SWAN 41.31 (M6 phong séng gan bo (SWAN -
Simulating Waves Nearshore); mo hinh pho
song SWAN tinh toan sy phat trién ctia phd mat
do tac dong N st dung phuong trinh cin bang
tac dong (Booij va nnk., 1999 [15]):

aN

2+ V[ + U)N] 4 2 4 2oet — S

(1)
Vi
Stot = Sin + Swe + Sn14 + Shot + Sbrk + Sniz (2)

Vé bén trai phuong trinh (1), cac sb hang lan
luot biéu dién sy thay doi ciia mat do tac dong
song theo thoi gian, sy lan truyén cia séng theo
dia 1y khong gian x (v6i Eg' cac véc to van toc
nhom song va U - véc to dong chay), khiuc xa
do d¢ sau va do dong chay gay ra (v6i ce van
toc lan truyén theo hudng khong gian 0) va su
chuyén dich cta céc tan s radian ¢ do sy thay
d6i lay trung binh ctia dong chay va do sau (véi
van toc lan truyén cs). V& bén phai biéu dién
cho qua trinh thanh tao, tiéu tin hodc phan phdi
lai ning luong song. Trong nudc siu, ba sb
hang nguon phat duoc st dung. Pay la cic
chuyén giao ning luong tir gi6 dén cac con
song, Sin, su tiéu tan nang lugng soéng do song
bac dau, Swe, va chuyén doi phi tuyén cua nang
luong song do twong tic bd bdn (bdén song),
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Snis. Trong vung nudc ndng, ti€u tan do ma sat
day, Spot, d0 sau gay ra dd v&, Sbrk, va bo ba
tuong tac phi tuyén (ba séng), Sna, cho udc
luong thém vao. Chi tiét mé rong trén cong
thirc cta cac qua trinh ndy c6 thé duoc tim thiy
trong: Ris (1997) [16], Booij va nnk. (1999)
[15] va Holthuijsen (2007) [17].

Dbi véi bai toan dugce dit ra hop ly, diéu
kién bién phai duoc cung cip. Céac thanh phan
s6ng dén & bién phia bién dugc quy dinh boi
mot phd hai chiu. Tai bién khép kin, vi du: cac
bién dudong bo bién va bién bén, ning lugng
song tiéu tan duoc hap thy hoan toan va giir lai
trong cac vung dia ly twong ung. C&c bién trén
va duéi trong khéng gian tan sé duoc chi dinh
boi tuong ung omin va omax. CAc bién nay
duoc hap thu ddy du, mic du phan dudi chan
doan o-4 dugc thém vao trén tan sb cét cut cao,
duge str dung dé tinh todn cac thanh phan phi
tuyén tuong tac séng-song va tinh toan toan bo
cac théng sb song. Tur d6 dinh hudng khong
gian 1a mot viing vong tron khép kin, khong can
thiét c6 diéu kién bién.

2.1.2. FEM model

Cac cong trinh nghién ctu sé tri cho md
hinh thay dong luc hoc theo phuong phap phan
tar hitu han (FEM), duoc xay dung va trién khai
trong céc cong trinh nghién cau cia Bui Hong
Long va Tran Van Chung (2009 [18]). Panh gia
tinh hop ly ciia md hinh qua so sanh vai sé liéu
thuc té tai cac tram muc nudc trong nghién cau
ché do dong chay cho Vinh Bic Bo (Tran Vian
Chung va Bui Hng Long (2015) [19]). Trong
d6, dang chua ¥ 1a bude dau thuc hién so sénh
két qua nghién ciu vé cau tric dong chay cua
hai mé hinh FEM va md hinh Ecosmo va cac
kiém ching thuc té do dac tai viing nghién ctu
Binh Cang - Nha Trang (Tran Van Chung va
Bui Hong Long (2014)) [20] day 1a co s¢ dir
lieu dong chay dau vao quan trong cho viéc
chay lién két tuong tac séng- dong trong mod
hinh cap FEM-SWAN.

2.2. Co so dir liéu

Co so dit lidu chinh ctia mé hinh gom:

(1) Truong do sau:

Truong d6 sau duoc cap nhat moi nhét trong
khuén kho dé tai tinh Khanh Hoa: “Xac dinh
cac khu vuc c6 kha nang cai tao, phat trién bai
tdm nhén tao va dé xuit cac phuong an bao vé
bai tim tu nhién trong vinh Nha Trang” (2015 -
2016) voi ti 1€ 1/25.000 cho toan vung va
1/10.000 cho ven bo.

(2) Thong tin truong chay dong chay tang
mat duoc trich xuét tir md hinh tinh thiy dong
lic ba chiéu theo phuong phap phan tir hitu han
cho ving bién Binh Cang - Nha Trang, véi
mang ludi tinh trung véi mang ludi tinh song
theo cong trinh nghién ctu dugc Tran Vin
Chung va Bui Hong Long cong bd nam 2014
[20] va dugc mo phdng trén co s& cdp nhat
nhiing dir liéu nghién ctru méi.

(3) Thong tin vé dic trung song (d6 cao, chu
ky va hudng) tai bién ngoai khoi dugc cap nhat
tur: http://00s.soest.hawaii.edu/erddap/grid-
dap/NWW3_Global_Best.html v4i do phan giai
0,5 d6 theo tung gio (sé liéu tinh théng ké tu
ngay 07/11/ 2010 dén thang 31/12/2019).

(4) Ngudn sb liéu vé van tdc gié dugc cap
nhat tir co s¢ dir li¢u tai phan tich ctia mo6 hinh
khi hau toan cdu CFSR (Climate Forecast
System Reanalysis) thudc trung tdm du bao moi
truong NCEP  (National Centers for
Environmental Prediction) (NCEP CFSR) vdéi
tan sudt mdi gid 01 sb lieu. Véi phién ban 2
(NCEP CFSv2 - NCEP Climate Forecast
System Version 2 (CFSv2)): s6 liéu dugc lay tir
nam 01/01/2011 dén 31/12/2019 1a theo luéi
0,2° theo phurong ngang. Ngoai ra, dé phan tich
s6 liéu gi6 dia phuong tai tram Nha Trang, bai
bdo da su dung nguén s6 lidu gid tai cac tram
do khi tugng véi chudi sd lidu do tir 1987 dén
2007, tan suét do s liéu 1a 6 gio mot 1an tai cac
gio trong ngay 1, 7, 13, 19 gio. Dudi day 1a mot
vai két qua phén tich tir dir lidu gié c6 dugc:
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Hinh 1. Hoa gi6 tai khu vyc Nha Trang

Theo két qua phan tich gi6 cho 21 nim tai
khu vuc Nha Trang, chung ta thiy rat & dic
trung gié mang tinh dia phuwong véi su bién dbi
toc d6 va hudng kha 16n so véi ché do gio mua
chung, cu thé gié mua Tay Nam véi hudng gid
tai Nha Trang 1a Pong Nam (SE) chiém wu thé.
Theo hinh 6, chung ta thay rang, & khu vuc Nha
Trang thuong xuyén c6 4 huéng gidé chinh (N,
NNE, NE, SE). Cin ct vao két qua phan tich
chi tiét cho cu thé timg nam, khi trudng gid
mua Pong Bic tac dong dén tai khu vuc nghién

s o

Ludi thé hién cho vinh Nha
Trang

Hinh 2. Mang Iudi nghién ctru tdc dong séng,
dong cho vinh Nha Trang

ctru, vinh Nha Trang chiu sy tac dong cua 4
huéng gi6 chinh Péng Bic, Bic Dong Bic,
DPong Pong Bic va Bic. Khi trudong gié mua
Tay Nam xuét hién, vinh Nha Trang chiu tac
dong cua 3 hudng gi6 chinh Béng Nam, Dong
Pong Nam va Nam Dong Nam.

2.3. Khu vwc nghién curu

Khu vuc nghién ctru dugc chon tr kinh d6
109,141°E dén 109,321°E; vi @6 tir 12,125°N
dén 12,462°N (Hinh 2). Phuwong phap giai
chung t6i st dung phuong phap phan tir hiru
han, mang ludi tinh 1a mang ludi tam gidc
(Hinh 3). V61 mang ludi tinh tam gidc dugc
thiét 1ap v6i goc cuc ticu la 25°; tong dién tich
mit thoang cho tinh toan 1a 354,28 km? Sb
diém tinh trong mang ludi tam giac 1a 7.421,
v4i tong s6 tam giac 1a 13.908. Dién tich tam
giac cua ludi tinh co gid tri nho nhat 4.714m?,
trung binh 25.473m?, 16n nhat 39.999m?.

Lam khdp trén google earth

Hinh 3. Mang luéi lam khép trén ban d6 Google Earth

HON TRE

B

Hinh 4. So d6 tram do kiém dinh \{é hi¢u chinh mo hinh, trong d6 “LT” la tram do lién tuc 01 ngay dém.
Dong chay va song dugc do dong thoi bang may AWAC (Acoustic WAve and Current profiler)
s0 liéu cua dé tai AST06.03/18-19, do vao thang 9/2018)



56 T.V.Chung, N. M. Tién, V5 Vin Quang | Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 06(43) (2020) 52-59

3. Két qua nghién ciru

Két qua tinh todn cac dic trung séng theo
dang tuong tic song téng hop voi su tac dong
ddng thoi cua truong gid, dong chay ting mat
va do cao bé mit bién. M6 phong ddy du tuong
tac nay s€ lam sang t6 dugc ché do song thyc té
tai ving bién Nha Trang, theo ché d6 gi6é mua
v6i su tac dong tong thé cia cac lyc tao song
quan trong. Tir d6 c¢6 cai nhin téng quan vé tac
dong song cling nhu anh hudong va tuong tac
qua lai gilra song - dong trong qué trinh thuy
dong lyc trong vinh.

3.1. Trwong séng dién hinh trong mia gié
Déng Bic
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Hinh 5. Phan b6 dong chay tang mat vao mua gié

Poéng Bic

Vé hinh dang phan b6 c6 sy phan ving do
cao song kha rd rét, phia bac vinh Nha Trang
chiu tac dong kha rd cua trudng gié Pong Béc
va diém che chan phia nam cta vinh lam suy
yéu truong song khi di vao phia nam vinh. Sy
suy giam song do tic dong cua che chin dia
hinh 13 kha rd rang, chi tiét lan truyén do cao
song duoc thé hién trén Hinh 6, chu ky séng
Hinh 7 va hudng séng lan truyén Hinh 8. Diém
dic biét can luu ¥, mdc du séng phia ngoai béc
vinh twong d6i 16n nhung muc d6 anh hudng
khi di vao vung ven bo bi ti€u tdn va suy giam

Hinh 5 1a két qua phén tich dong chay trung
binh tai téng mat tai khu vuc Nha Trang vao
mua gi6 Pong Béc bang md hinh FEM. Day la
thong tin diéu kién ban dau cho dong chay
trong md phong truong gié mua Dong Bic,
trong nghién cru tuong tac song - dong trong
md hinh SWAN. O cong trinh nay, ching toi
tap trung vao phan tich tinh hop ly cua céc qua
trinh lan truyén séng do anh huéng cua dong
chay. Bo chwong trinh thé hién cac két qua dic
trung song (dd cao, chu ky va hudng song)
duoc cai tién va viét hoa tir bo chuong trinh thé
hién két qua tinh cia SWAN cho Iuéi phi cau
trac trong chuong trinh ma nguén mé Matlab
“plotunswan.m”.

Signdicant wave height in meters computed using snstructured gnid

TR
Mot G

10
2 (Wem)

Hinh 6. D6 cao song c¢6 nghia (m) trong tuong tac song -
dong do anh hudéng mua gio Péng Bac

nang lugng song kha manh nén muac d¢ anh
hudéng khong con 16n nhu phia ngoai khoi. Vi
su tac dong cia yéu td dong chay va myc nudc
huéng lan truyén séng co sy ddi huéng so véi
huéng gi6 thuan tiy, cac két qua mé phong cho
thdy gia tri 46 cao song 16n nhat trong mang
ludi tinh dat 2,18m véi chu ky song 6,3s (do
cao song trung binh 1,0m, chu ky trung binh
3,7s) c¢6 d6 sau khoang 26,1m, véi hudng lan
truyén song 224,7°, vi tri dat d6 cao song 16n
nhit xung quanh vi tri (109,311996°E;
12,273005°N) (hinh 6-8).
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Mean period in seconds computed using unstructured grid Directional ding in degrees using grid
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Hinh 7. Chu ky trung binh (s) trong twong tac tong hop Hinh 8. Hu6ng lan truyén song (°) trong twong tac tong
do anh huéng mua gié Bong Bac hop do anh hudng mua gié Pong Béac

3.2. Trwong séng dién hinh trong miia gié Tday Nam
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Hinh 10. B6 cao séng ¢ nghia (m) trong tuong tac
song - dong do anh huéng mua gié Tay Nam

Hinh 9. Phan b dong chay tang mat vao mua gi6
Tay Nam

Theo két qua mé phong, trong mua gié Tdy  Thong tin vé song trong mua gié Ty Nam
Nam véi séng tic dong dén vinh Nha Trang 1a  déng chi ¥ nhu sau: d cao song co nghia 16n
khong dang ké. Két qua md phong thé hién kha  nhét trong mang ludi tinh dat 1,4m, chu ky
chi tiét v& do cao lan truyén song co nghia trén  song 5,1s (trung binh do cao séng 0,4m, chu ky
Hinh 10, chu ky séng trén Hinh 11 va huéng  séng trung binh 2,1s) v6i huéng lan truyén
lan truyén trén Hinh 12. Néi chung, vinh Nha  song dat 6 cao séng 16n nhat 1a 211,5° & khu
Trang 14 vinh kin nén céc yéu t6 tac dong song  vuc c¢6 do sau khoang 3,8m xung quanh vi tri

anh huong dén bién ddi duong bo 1a khong 1on.  (109,298725°E; 12,226684°N) (Hinh 10 - 12).
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Hinh 11. Chu ky trung binh (s) trong twong tac téng hop
do anh huong mua gié Tay Nam

3.3. So sdanh két qud tinh todn va sé ligu thuc
do ngoai hién truong

Pé kiém tra tinh ding dan cua mo hinh
FEM, cong trinh ciia Tran Van Chung va Bui
Hong Long (2014) [28] di thuc hién cic so
sanh véi s6 lidu thuc do dong chay trong ving
nghién ciru. Trong cong trinh nay, dé kiém
ching va hiéu chinh mé hinh théng qua mbi
tuong tic song - dong, cac két qua khao sat

Hon Tre

Sg. Béng B

Hinh 12. Hudng lan truyén séng (°) trong twong tac tong
hop do anh hudéng mua gié Tay Nam

ddng thoi duge thuc hién trén may do song -
dong tai 20 tram mat rong (tr ngay 7-9/9/2018)
va 01 tram lién tyc (11-12/09/2018) trong vinh
Nha Trang, thé hién & Hinh 4. So sanh két qua
nghién ctru ciia mo hinh véi cac tram do kiém
tra tinh kha thi cia m6 hinh trong trng dung tai
vinh Nha Trang (Bang 1).

Bang 1: So sanh mot s6 két qua tinh toan va
do dac hién truong tai cac tram do song dién hinh

Do cao song c6 nghia Chu ky trung binh song Huéng lan truyén song
Tram | Po dac | Tinhtoan | Sai s6 tuong ddi Dczgac Tm?s;oan tui’?ll sgé ; Po dac | Tinh todn | Do 1éch
m | (m (%) ) ©) ©) ©)
3 0,47 0,49 4,7 4,81 4,09 15,1 275,42 | 272,10 3,3
7 0,67 0,57 14,6 1,73 2,20 27,2 124,69 | 108,84 15,9
6 0,42 0,50 18,1 5,06 4,08 19,4 0,63 341,80 18,8
Lt 0,2 0,20 2,6 3,62 3,24 10,3 84,13 82,22 1,9

4. Nhan xét va thao luin

Tac dong cta song dén vinh Nha Trang
thuong khong 16n. Dé danh gia tac dong song
téng hop, chung toi da nghién ctru anh huong
tac dong cua trudng gio, dong chay ting mat
1én tac dong song nham danh gia ding tac dong
song 1én khu vuc ven bo vinh Nha Trang. Theo
két qua nghién ctru, khi khu vuc chiu tic dong
cia mua gié Pong Bic, do cao song cd nghia
trung binh cling chi dat 1,0m, chu ky trung binh
3,7s. Trong mua gi6 Tay Nam thi anh hudng
ctia song 1a khong dang ké, khi d6 cao séng co

nghia trung binh dg cao song 0,4m, chu ky song
trung binh 2,1s. So sanh két qua tinh toan véi
thuc té, sai s6 twong dbi trung binh khoang
10% (thdp nhit 2,6% va 16n nhat 18,1%) cho
dd cao song co6 nghia va trung binh khoang
18% (thap nhat 10,3% va 16n nhat 27,2%) cho
chu ky song trung binh. BJ 1éch hudng song
gilra tinh todn va do dac trung binh khoang 10°
(thap nhét 1,9° va 16n nhat 18,8%) cho hudng lan
truyén song.

Céc (mg dung mo hinh séng SWAN thé hién
kha nang mé phdéng céac truong song trén vung
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bién thém luc dia, ddm va cira song ven bién ma
dién hinh dugc chirng minh trong cong trinh nay
v6i ving bién v6i nhiéu déo 16n nho, bién mo
phuc tap trong vinh Nha Trang mét cach hi¢u
qua va 6n dinh. Pdng thoi cac tmg dung ciing du
linh hoat dé cho phép lién két chit ch& cing hé
thong mang luéi véi moé hinh dong chay FEM
(m6 hinh dong chay ba chiéu phi tuyén theo
phuong phap phan tir hitu han). Diéu nay rat hiru
ich trong giai quyét bai toan tuwong tac song -
dong va song - séng. Nhimg két qua nghién ciru
da cho thdy, cach tiép can mg dung md hinh
tinh song nay 1a hop 1y, on dinh cho budc thoi
gian bat ky cho mang luéi 1am min, mang dic
trung dia phuong trong vung nghién ctru.

Loi cam on: Bai bao da si dung ngudn tai
liéu tir d¢ tai ma sé6 VAST06.03/18-19 “Nghién
ctru co ché luu giit lai va qua trinh phat tan cua
ngudn gidng ca (tring ca - ca bot) trong vinh
Nha Trang” va dé tai voi tinh Khanh Hoa: “Xac
dinh cac khu vuc c6 kha ning cai tao, phat trién
bai tim nhan tao va dé xuét cac phuong an bao
vé bii tam ty nhién trong vinh Nha Trang”
(2015 - 2016). Cac tac gia xin goi 101 cam on
chan thanh dén Ban chi nhiém dé tai va dong
nghiép trong nhém nghién ctru da gép y va hod
trg chiing t61 hoan thanh bai bao nay.
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