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Abstract

A numerical model based on the 2D Boussinesq equations has been developed using the Finite Volume
Method. The model was verified against experimental data for the case of wave breaking on a sloping beach.
Simulated results by the model showed that the model has good capability of simulation of waves in the
nearshore area. Numerical simulation was also carried out for the problem of waves on a plane beach with a
breakwater and submerged dunes. Simulated results were compared with those computed by MIKE 21. The
comparison showed that good agreements were obtained and confirmed the applicability of the Boussinesq
model to the simulation of physical phenomena of waves in the nearshore areas, especially, suitable for the
simulation of wave-induced current including rip currents.
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Tom tit

M6 hinh sb sir dung phuong trinh Boussinesq hai chiéu duoc phat trién dua trén phuong phéap thé tich hitu
han (FVM). M6 hinh duogc kiém nghiém bang viéc ap dung tinh toan mé phong cho trudng hop séng lan
truyén, bién dang trén bai thoai. K&t qua tinh ton dugc so sanh vai s6 ligu thi nghiém vat 1y da xuat ban,
nham minh chimng kha niang mo phong song ven bo. M6 hinh sb cting duoc ap dung md phong cho bai
toan séng trén béi nghiéng c6 dé chan song ndi va c6 con ngam. Két qua so sanh voi md phong bang phan
mém MIKE 21 dé co so sanh danh gia. Két qua cho thay c6 su phd hop kha va mé ta dwoc tét qui luat vat
ly cua séng trong khu vuc ven bo, dic biét phd hop cho mé phong hé théng dong chay do séng bao gom

ca dong rat.

Tir khod: M hinh Boussinesq, dong phét sinh do séng, thé tich hiru han, dong luc ven bo.

GI1G1 THIEU

Xay dung mo hinh tinh toan song ven bo tir
h¢ phuong trinh Boussmesq can thiét phal giai
guyét duoc mot s6 van dé rat quan trong va khé
d6 la: Tinh toan duoc tiéu tan nang luong do
song do giai quyét duoc séng leo trén bai bién,
so dd s6 phai bao toan, c6 do chinh xac tot. Bén
canh d6 phuong phéap giai s6 ap dung phal on
dinh, kha thi dam bao tinh vat ly caa qua trinh.
Néu phuong phap sb st dung khong on dinh,
song tiép can bo do tinh chét phi tuyen manh,
tuong tac phuc tap s& dan dén nhiéu sb va pha
v& manh giai s6 ciia md hinh 1am tran s trong
qua trinh tinh toan. Cac phuong phap tinh toan
s6ng ven bo bang sai phan hiru han hay phan tor
hitu han thuong mac phal la khong on dinh s6
dol véi cac khu vuce c6 dia hinh phirc tap, song
do va song tran bdi véi tinh phi tuyen lon.
Chinh vi vay, cho dén _nay rat it md hinh cho
phép md phong duge day du cac qué trinh song
ven bo bao gdm séng d6, song tran bai bién va
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hé thdng dong chay song ven by ma c6 thé tng
dung tot trén thuc té.

Trén thé gisi, cac nha khoa hoc da quan
tam nghlen ctu phét trién mé hinh toan mé
phong song ven bo dya trén hé phuong trinh
Boussinesq trong nhleu thap ky qua. Cac
nghién ciu phat trién md hinh sé dua trén hé
phuong trinh Boussinesq tiéu biéu co thé ké ra
nhu Schaffer et al., (1993) [1], Madsen et al.,
(1997) [2, 3], Kennedy et al., (2000) [4], Kirby
etal, (1995) [5] va mot s6 tac gia khac. Thanh
cong tir cac nghlen cliu phat trien cac mo hinh
$0 do da dua ra cac mo hinh ma nguon mao cho
cong dong khoa hoc bién trén khip thé gidi st
dung thi du nhu bo chuong trinh FUNWAVE
do Kirby va cong sy phat trién, PCOULWAVE
cua Hoa Ky, hay mo hinh cia Madsen va cong
su da dugc phat. trién tlep dé tré thanh mo dun
BW trong bo phan mém thuong mai MIKE 21.
Cac nghién ctu st dung hé phuong trinh
Boussinesq mé rong tiép tuc duoc quan tam va
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cai tién boi cong dong cac nha khoa hoc vé
thay dong luc bién ven bo trén khap thé gidi.
Cac nghién ctru chu yeu tap trung vao cai tién
so d6 sb dé tang tinh on dinh va giai quyet cac
van dé khac nhu tiéu tan ning luong song do
tét hon,... O nuac ta, viéc nghién cau tu xay
dyng mo hinh s thanh chuong trinh may tinh
dé g dung cho cac nghién ciu cling nhu ng
dung thuc tidn con rat it. Dac biét voi bai toan
séng bién ven bo s dung hé phuong trinh
Boussinesq ma rong thi con hiém hon. Cac nha
khoa hoc dong luc bién, ven bd & nudc ta chu
yeu st dung cac chuong trinh mdy tinh ma
nguon mé hozc phan mém MIKE 21 cta nuéc
ngoal dé mo phong, tinh toan séng ven b cho
cac muc tiéu khac nhau. Mac du vay, cling c6
mot vai tac gia da budc dau nghién ctu phat
trien mod hinh sé dua trén hé phuong trinh
Boussmesq cho bai toan song dai (sng than)
hay séng tau nhu Phung Pang Hiéu (2008) [6],
Nguyén Ba Thay va nnk., (2016) [7] hay Vii
Van Nghi va Lee (2015) [8]

Muyc tiéu cua nghién ciru nay la phat trién
mo hinh s6 ¢é md phong duoc song ven bo bao
gom cac qué trinh dong luc song néu trén theo
phuong phép thé tich hiru han két hop véi
thanh phan phan tan Boussinesq giai theo sai
phan hitu han nham dam bao tinh 6n dinh cao,
dd chinh xac tét va cé thé ap dung trén thuc
tién cho mé phong song ven bo va dong luc
phia trong vung soéng d6. Trudc tién, hé phuong
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trinh Boussmesq m& rong co cai tién tiéu tan
nang lu'ong song do va cach giai dugc trinh bay,
sau d6 mo hinh s6 duoc md phong cho bai toan
s6ng trén bai thoai vai diéu kién thi nghiém vat
ly nham danh gla kha nang mé phong cta mé
hinh s6. Cac mé phong cho bai toan phirc tap
hon véi cac diéu kign ¢ ti I¢ thuc dugc thuc
hi¢n va so sanh véi ket qua te md hinh MIKE
21. Cuoi cung Ia mét g dung thar nghiém cho
bai toan md phong dong chay phat sinh do song
gitta hai con ngam trén bai bién nham khang
dinh viéc md phong duoc nhitng diéu kién gan
véi thuc té.

MO HINH TOAN
H¢ phuong trinh mo ta

Xuat phét tir hé phuong trinh Boussinesq
do Madsen et al., (1997) [2] de xuat, md hinh
tinh séng ven bo duoc phat trién cho md phong
ca khu vuc song d6 va phia trong vung song do
véi viéc dua vao cac thanh phan nhét roi va
tiéu tdn séng do ma sat. Cac hé phuong trinh
duogc trinh bay nhu sau:

Phuong trinh bao toan khéi lwong:

on Q. Q
ot ox oy

Phuong trinh bao toan déng luwong theo
phuong X:
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Céc s6 hang thém vao cac phuong trinh
nguyén thay caa Madsen et al., (1997) bao gom:
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Thanh phan mé ta tiéu tan ning luong
song do 16p cudn xody gay ra:

2 a77 |u|\/—

brx = CBO U cho phuong x (6)

7, = pCouVu® +v2 , 7, = pCovvu? +v* , C,

Trong do: n la dao dong mat nudc; Qyla thdng
lugng theo phuong X; Qy la théng lugng theo
phuong y; h la do sau nude yén tinh; d = (h +7)

Thanh phan mé ta trao d6i dong ning nhot
réi do 16p cudn xody song do gay ra:

ey Sr e Ze Ly |

1( 0
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=CcBo ———V cho phuongy (7)

Thanh phén mo ta tiéu tdn dong nang do
ma sat vai day:

d 1/3 (8)

theo phu'orng phap cua Kennedy et al., (2000)
[4] dé xuat nhu sau:

1a d¢ sau tong cong; g la gia toc trong truong. v, =Bds*(h +77)a—77; 0=0,9-15 (9)
Tham s6 j dugc chon la 1/15. Q= ud, Q, = vd, ot
V6i U la vén toc trung binh d6 sau theo phuong .
X, va v la van tdc trung binh do sdu theo 1 n 2 21,
phuong y; n hé so Manning dugc hiéu chinh B = i—l 77* <n, < 277* (10)
theo tinh chat nham cua bé mat day. 7, t ; L
Hé sb nhot rdi do song d6 ve duoc xac dinh 0 e =T
nt(F) t>T"
= t—t . (12)
t 77t(l)+ T*O(nt(':)_ﬂt(l))aOSt_tOST
T’*zs\/E n" =0,65/gh ; ") =0,15,/gh (12)
g

Véi ;. dugc Schaffer et al., (1993) [1] dinh
nghia 1a tham s6 xac dinh song d6; T la
khoang thoi gian chuyén doi song do; to 1a thoi
diém khi song d6 xay ra; t — to 1a tudi song d6
hay khoang thoi glan dién ra song d6; 7" 1a gla
tri xac dinh séng bét dau dd, gié tri cua nd nam
trong khoang hiéu chinh tir 0,35/gh dén
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0,65./gh ; tham sé #" 1a gia tri gi6i han cudi
cung cua song do.

Cic diéu kién bién

Bién m¢ song toi: Piéu kién bién ngudn
tao s6ng hoac bién bang tao séng Stokes
khong phan xa dugc thuc hién cho viéc dua
dao dong séng tGi vao tinh toan. Bén canh do,
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diéu kién phét xa tu do duoc cho thoa man tai
cac bién mo thong thuong va tai bién nguon
tao song. Cac song déu va soéng ngau nhién
khong déu theo phd song duoc quan tam xay
dung cho mo phong.

Bién cung tuong duang, ke cung: Puoc xac
dinh theo diéu kién bién khong tham. Tac la
van toc truc giao voi bién bj triét tiéu. Voi
thanh phan tiép tuyén véi bién duoc 4p dung la
diéu kién trugt khong nhét.

Bién bai bién dudi tac dong cua dang va rat
nudc dugc ap dung theo phuong phap thong
lwong bao toan theo phwong phap thé tich hitu

han s& duoc trinh bay chi tiét trong phan roi rac,

giai s6 hé phuong trinh.

ROI RAC VA GIAI SO HE PHUONG
TRINH
X ly hé phuong trinh dwéi dang phwong
trinh nwéc ndng va thanh phan Boussinesq
Khé khin nhét trong viéc glal quyét hé
phuong trinh Boussmesq truyén song trong
viing ven b do 1a giai s6 thanh phan phi tuyén
tuong ty nhu trong h¢ phuong trinh nuéc nong
truyén thong. Néu xur ly theo cach thong
thuorng theo phuong phap sai phan hiru han dbi
véi thanh phan nay doi hoi phai c6 phép xap xi
dang ngugc dong bac nhét dé dam bao 6n dinh
s6. Tuy nhién, sir dung phép xap xi ngugc dong
bac mot dan dén sai s6 rat 1on 1am suy giam
so6ng nhanh va khuéch tén sé nghiém trong. Doi
VGi phép xap xi bac cao cho phép dam bao do
chinh xac va giam khuéch tan sb thi lai bi van
dé khong 6n dinh s6 va tran sb khi ton tai séng
dd va song tran trén bai. Chinh vi vay, viéc xtr
ly s6 ddi véi thanh phan nay can co cach pha
hop hon. Phuong phap thé tich hitu han véi cac
ham gidi han cho phuong trinh dang bao toan
dd chang minh cho phép mé phong rat tot
thanh phan phi tuyén voi két qua co do chinh

d du dv
U=|du|F=|du®*+1gd®|G=| duv
dv duv dv? +3gd?

X&c cao va 6n dinh. Do do, trong nghién ciru &
day st dung phuong phap phan tach lai gitra
the tich hiru han cho phan cac sé hang nudc
ndng truyén théng va sai phan hitu han bac 2
cho thanh phan Boussinesg phan tan song.

HE cac phuong trinh Boussinesq trong mé
hinh to4n néu & trén cé thé dugc nhin nhan bao
gom phuong trinh nuwéc ndng truyén théng va
thanh phan ham nguon. Véi ham nguon bao
gom cac thanh phan Boussinesq [2], trao ddi
nhét rdi, tiéu tan ning lugng va ma sat day. Dé
thuan tién cho viéc roi rac hoa theo phuong
phép thé tich hitu han, cac phuong trinh dugc
chia thanh hai budc giai s6 nhu sau:

Budc 1: Giai s6 hé phuwong trinh nudc
ndng khdng c6 ham ngudn theo phuong phap
thé tich hitu han véi cac thong lwong bao toan;

Budéc 2: Giai sé thanh phan ham ngudn
theo sai phan hitu han.

Céc phuong trinh (1), (2) va (3) duoc viét
lai dudi dang vécto véi hai ham ngudn riéng
biét dé phuc vu cho giai s két hop gitra
phuong phéap thé tich hitu han bao toan cho
thanh phan nuéc ndng thuan tly va sai phan
hitu han cho thanh phan Boussinesq va tiéu tan
song d6. Cac phuong trinh dugc viét thanh
dang phan tach hai budc va dudi dang véc to
bao toan nhu sau:

oU oF oG
— 4+ =
ot ox oy
Trong dé: U 1a véc to cua cac bién bao toan;
F, G la cac vécto thong luong twong (ng theo
phuong x va y; S thanh phan nguén twong tu
theo phuong trinh nuéc ndng truyén théng.
S la thanh phan nguén do song dd va sb
hang phéan tan ctia phuong trinh Boussinesq.

=S+S (13)

Bouss

Bouss

9 B 9 1
oh =

S = gda___x +Sgouss =| Bux + Rox — Zorx | (14)
X P B, +R, 7
a_h_T_y uy by bry
y p|
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5 _(m;jhz 83(ud)+63(vd) 182(vd) ah laz(ud) 182(vd)
u 3 otox?  otoxoy 6 oOtox 3 otox 6 dtoy
2 2 2 3 (15)
4 pgh2) oh an+a2 oh &%y L0
x| ox 6y 6X8y ax a Xy
B _[ﬂ+ jh o°(ud) 63(vd) ah ga (ud) ah 1 6% (ud) laz(vd)
W 3 ataxay otoy? 6 6 otox 3 otoy
(16)
2 2 3 3
+ﬂgh2 8_h6727+2 727 oh o'n on 6—
ay OX 6X 6X8y OX ay ay
Phwong phap giai hai buwéc 0 ludi véi viéc dp dung dinh ly Grin (Green’s
Tach phuong trinh (13) thanh hai budc véi  theorem), cho ta:
hai phuong trinh:
Buser: Y+ F LG g 13 j dQ+j (Fn, +Gn,)dr = [ SdQ (17)
ot ox oy

X Trong dé: Q la mién 6 lugi; T' 1a bién cua

oJ mién Q; (N, n,) 1a vécto phap tuyén husn

Buéc 2: —— = 13b (o Ty phap tuy g
o aouss (13) vao duong bién.

Phuong phéap thé tich hitu han duoc dua L4y tich phan thec_) tr_]éri gian phuong trinh
trén luat bao toan vat chat 4p dat cho thé tich  (17) trong khoang thoi gian At tir thoi diem t;
htu han. Tich phan phuong trinh (13a) trén mot ~ dén ty, ta co:

[ Uyt ) - [ U(x y,t )do +Tdt [ (Fn +Gn,)dr= tj difsde  (18)
t, 5]

Trong mo hinh hi¢n tai sir dung 6 ludi déu  xap xi véi gla tri thoi diém thoi gian Y glu:a
VGi bude ludi AX, Ay nhu thé, phuong trinh tich ~ khodng cho cac thong lugng va ham nguon nén
phan (18) véi budc thoi gian At cd thé dugc  (18) dwoc xap xi bac 2 thanh.

At At
Ut =U¥, - [F.t;}’;, F - [G.kji’ﬁz—G.kfaz]wts““ (19)

Trong d6: i, j 1a céc chi s tai tam cua 6 ludi; k  GI1Y42,, GI*M?, tai cac mat phan cach céc 6
ky hi¢u bude thoi gian hién tai; cac chi so mot  Iugi. Trong nghién cau nay, st dung so dd
phan hai i+1/2, i-1/2 va j+1/2, j-1/2  Godunov-type scheme. Theo so dd Godunov-
dung chi tai mat phan cach gilra cac 6 Iu6i; va  type scheme, cac ham théng lugng sé tai cac
k+1/2 chi trung binh gifra hai budc thoi gian k mat phan cach cac 6 ludi duge xac dinh thong
va k + 1. Chi y rang, trong phuong trinh (19) qua giai bai toan Riemann dia phuong tai cac
cac bién U va ham ngudn S 1a cac gia tri tai mit phan céch.
trung tam 6 udi. Do nghiém giai truc tiép déi voi bai toan
D¢ giai phuong trinh (19), ta can tinh todn  Riemann 2 va 3 chiéu chua c6, md hinh toan

xéc dinh cac théng luong sd F,kjﬁ/zzj , F,kﬁ/zzj va  hién tai sir dung phuong phap so do tach bac
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hai cuia Strang (1968) [9] d¢ giai tich phuong
trinh (19) thanh hai budc lién tiép va duogc tich
phén nhu sau:

Véi X va Y chi toén tir tich phan theo huéng x
va y tuong ung. Phuong trinh theo phuong x
duogc tich phan truéc véi busc thoi gian mot
nira budce thoi gian tich phan va tiép theo do la
tich phan ca budc thoi gian dugc thuc hién cho

k+l _ \/ At/2y At y/ At/ 2 1k I
Ui'i = XTIV EX UivJ' (20) phuong trinh theo hudng y. Dién ta nhu sau:
- At At
U™ =Uj; - [F.iﬁ’;‘, Fis J+ - G (21)
+1)" +1/2)" At + ¥ +
Ul = Ul - et - el e ans )i @2)

Trong dé: DAu (*) chi rang cac nghiém phan
tach trung gian; S,, S, 1a cac nguon theo huéng
x vay. Tich phan theo hudng x trén khoang nira

k+1
Ui,

yk+1/2)”

Céc nghiém tung phan U,,, L va

U.("-”) , dung dé cung c4p cac thanh phan thong

luong trong cdc phuong trinh (21), (22) va (23)
thdng qua giai bai toan Riemann mot chiéu. O
day phép xap xi HLL cho nghiém bai toan
Riemann duoc st dung dé xéac dinh céac thdng
luong sb trén mit phan cach 6 ludi. Dé giai
quyét truong hop 6 lugi chuyén kho wét, mot
d6 sau gisi han nho duoc 4p dung dé chuyén
ddi gitra ching (d = 10°m).

Déi voi phuong trinh (13b), cac ham ngudn
duoc giai hién theo cac két qua da biét tai budc
thoi gian trudc, riéng cac thanh phan By, By
duoc sai phan trung tdm an luan huéng thong
thuong d6i vai thanh phan bién u va v dé dam
bao ting on dinh cho md hinh sb. Gidi han
budc thoi gian phu thudc chu yéu vao budc
ludi khong gian va séng trong luc trong mién
tinh. Piéu kién én dinh tuong tu nhu cac
phuong phap sai phan thong thudng da sir dung
nhu sau:

min(Ax, Ay)

NI +77)0

At<0,5 (24)

ke [ k+3/4
- Ui,j I:|+1/2 j

budc thoi gian duoc tiép tuc tién trién cho nia
budc thoi gian tiép theo dé thu dugc nghiém tai
budc thoi gian mai.

T IRl @)
CAC MO PHONG VA KET QUA
M phéng song trén bai nghiéng

biéu kién thi nghiém cua Ting va Kirby
(1996) [10] vé séng truyén trén béi thoai c6 do
dbc 1/35 dwoc dua vao dé tha nghiém md
phong sb va so sénh voi két qua thi nghiém vat
ly v& phan bb d6 cao séng trén bai nghiéng.
Trong thi nghiém nay, séng t&i dugc cho dang
song Stokes bac 2 ¢6 d6 cao 12,5 m chu ky 2 s.
M6 phong sb6 duoc thuc hién cho 60 chu ky
song dam bao song du két hop giita séng téi va
song phan xa cling nhu tac dong cua bai
nghiéng 1&n chuyén dong song. Do cao song
duogc tinh toan la trung binh d¢ cao cta 3 con
séng cudi. Két qua phan bé do cao dugc trinh
bay trén hinh 1. Ta thay, két qua tinh toan va sé
liéu thi nghiém kha phi hop. Diac biét tai diém
song d6, do cao séng md phong kha sét véi thi
nghiém. Phia trong ving séng do, do cao séng
mo phong thién cao thuc té&. Nguyén nhan do
tiéu tan nang lugng chua du lon. Mac du vay,
gan bo, d6 cao song md phong tiép can dén sb
liéu thi nghiém, diéu nay cho phép tinh toan tot
song leo bai cling nhu dong phat sinh do soéng &
khu vuc gan bo.
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(duong lién: két qua md phong; chdm tron: d6 cao song thi nghiém,
cham vudng: myc nude chan song thi nghiém)

M6 phéng song trén béi thodi cé dé chén
song noi

Mién dia hinh bai thoai 1/30 ¢6 do sau vung
chan bai la 8 m, trén bai c6 mot dé chan song
dai 120 m dat cach mép nude duong bo 150 m.

Song téi truc dién ¢6 do cao 1,1 m, chu ky 6,3 s.

M6 phong dugc thyc hién bang mé hinh MIKE
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21-SW va md hinh s6 phat trién & trén. Céac két
qua phan bo do cao song trén toan mien, dong
chdy phat sinh do song toan mien, phan bo do
cao song va dong chay song trén hai mat cat
MC1 tai gitra mien tinh tir bo ra khoi va mat cat
MC2 trén phan bai thoai khong c6 dé chan song
dugc trinh bay trén cac hinh v& dé so sanh.
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Hinh 2. Phan b6 do cao song trén bai co dé chin séng ndi (hinh trai: két qua MIKE 21-SW;
hinh phai: két qua md hinh Boussinesq)

Hinh 2 cho thiy phan bd do cao song mo
phong trén mién tinh toan. DI véi md phong
bang MIKE 21-SW cho két qua séng phan bo
kha don gian, do cao cd xu the giam dan khi do
sau nong di. Khong thay sy hién dién cua phan
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Xa song. Song phia sau dé chian song giam
manh, thay rd vung khuat song va song khic xa,
nhidu xa. D6 vsi két qua tr mod hinh
Boussinesq, d¢ cao song phan bé rat phirc tap
nhin ré c&c vung song ket hop gitta séng tai va
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song phan Xa. Séng bi téng do cao tai khu vuc
bdi thodi do hi¢u img nudc nong. Phia sau dé
chan song, ton tai ving khuat song, co song
khuc xa va nhlqu Xa di vao. Do c6 truong séng
phirc tap hon ket qua cia MIKE 21-SW nén h¢
thong dong chay song tinh tr md hinh
Boussinesq ciing sé ¢ sy phan b phirc tap hon.
Trén hinh 3 cho thay bac tranh phan b6 cua
dong chay song ven bo. Véi hai mo hinh, h¢
thong dong chay du do séng chi ton tai phuc
tap xung quanh khu vuc dé chan song ven bo.
Ca hai md hinh déu cho méot hé thong dong
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chay di tir bo ra toi dé chan song. Diéu nay rat
phu hop vé6i ly thuyét va thyc té 1a phia sau dé
chin cd dong tir bo ra mang vat chat ndi dé voi
bo tao thanh Tombolo. Dong chdy song do
MIKE 21 tinh tao ra hoan luu r6 ¢ hai phia dau
dé nhung c6 van toc kha nho, cuc dai ¢ 0,55
m/s. Trong khi d6, dong chay séng do md hinh
Boussinesq m6 phong cho vén té¢ 16n hon, cuc
dai ¢& 0,9 m/s. Nhu vay vé mat vat ly, ly thuyet
va thuc té, hai mo hinh déu mé phong dugc
hién tugng dong chay ndi bo véi vat can phia
ngoai dé tao Tombolo.
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Hinh 3. Phan bé dong chay phat sinh do séng trén bai thoai c6 dé chin séng néi (hinh trai: két qua
MIKE 21; hinh phai: két qua mé hinh Boussinesq)

Két qua md phong gitta hai mé hinh dugc
xuét ra trén hai mat cit MC1 va MC2 dé so
sanh. Hinh 4 so sanh tai mat cit MC1. Trén
hinh cho thay, phan bb d6 16n dong chay doc
theo mat cit kha phu hop voi nhau vé xu thé
gita hai md hinh. Tuy nhién, md hinh
Boussinesq cho két qua mo phong van téc lon
hon nhiéu so véi MIKE 21. Piéu nay c6 thé
giai thich do MIKE 21 sir dung ting suat song
tinh theo mo dun SW khéng chira dung cac két
hop phuc tap cua s()ng ven bo. Hiéu ung song
tang do cao do do sau giam khong dugc md
phong t6t trong SW. Hon nira, d6 cao song
trong SW bi ép giam theo d sau ma khong co
tinh dén hiéu g nudc nong trude khi song do,

chinh diéu nay 1am séng bi mat niang lugng dan
den dong chay song dugc ude lugng thién nho.
Diéu nay ciing duoc thay rd trén hinh 4, dbi voi
moé hinh Boussinesq thay rd d6 cao song tang
1én khi d¢ sau giém trén béi thoai do hiéu ung
nudc néng va co su hign dién cua song phan xa.
Déi voi do cao md phong bang MIKE 21-SW
khéng thay hién twong ting d6 cao va song
phan xa. Tuy viy, do cao song nhiéu xa va
khuc xa sau dé chan song cua ca hai mé hinh 1a
twong duong nhau.

Trén hinh 5 so sanh cac két qua tai mat cat
MC2. Tai mat cat nay, két qua gita hai mo
hinh ¢6 su trong ddng tét hon vé& do cao séng
va dong chay song. Tuy nhién, phan bd do
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cao song lan nita cho thay rd, véi MIKE 21-
SW khong thay hiéu Gmg nudc nong va phan
xa s6ng. M6 hinh Boussinesq cho két qua do
cao song cao hon SW trudce khi song do va ¢
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dia hinh phtrc tap, c6 cong trinh thi vi¢c mo
phong séng bang MIKE 21-SW s& gap nhiéu
sai sot.
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Hinh 5. Phan bé toc do dong chay song va d6 cao song tai mat cit MC2 (so sénh giita tinh toan
bang mé hinh MIKE21 va Boussinesq)

Mo phéng séng trén bii thoai c6 hai con ngim

Mién dia hinh bai thoai 1/30 tuong ty nhu
phan trén duoc thiét lap cho moé hinh
Boussinesq véi hai cdn ngam d6 séu dinh 0,5 m
c6 do dai 120 m cach nhau 60 m cach déu hai
bén tao ra khoang tréng gitra hai con. Dang dia
hinh nay khé& hay gap tai cac bai bién thyc té.
M6 phong dugc thuc hién cho song tai truc
dién co d6 cao 1,1 m chu ky 6,3 s nham xem
xét hé thong dong chay song Xuét hién the nao,
ligu c6 dong Rip nguy hiém gitra hai con ngam
khong nhu cac khuyén cdo cua cac nghién cau
trude day. Ludi tinh dugc thiét 1ap chi tiét voi
do phan giailmx 1 m.

Két qua trinh bay trén hinh 6 cho thay, séng
bi phan xa va d6 manh tai hai con ngam va tao
ra hai ving khuat s6ng phia sau c6 do cao séng
nho. Tuy nhién, tai khoang tréng giira hai con
ngam, do cao song ting cao do hoi tu tia séng
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va song két hop véi nhau. Nhin trén hinh 6
(hinh dudi) ta thiy dong chay séng ven bo kha
manh va dac biét tao ra dong rit tai ctra ho
khoang trong gitra hai cdn ngam. Chinh dong
nay da lam song hoi tu va don lai lam tang do
cao song. Dong rut nay kha Ién lén dén c& hon
1m/s rat nguy hlem cho nguoi tam trén bai néu
ra gan phia cura tréng sé bi cuén vao dong nay
16i ra ngoai. Nhu vay, bang mo phong s6 boi
moé hinh Boussinesq da cho thdy dugc sy xuat
hi¢n cua dong rat gitra khoang trong giira hai
con ngam gan bo. Dong rat 1a mét trong nhitng
nguyén nhan rat nguy hiém gay ra cac vu dudi
nudc khi tim tai cac bai bién mua hé. Chinh vi
vay, vi¢c nghién ctu cac hi¢n tugng dong rat
do song tai c&c dang dia hinh khac nhau rat cé
¥ nghia cho canh bo va giam tai nan dudi nuéc
tai cac bai bién.
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Hinh 6. Phan b6 d6 cao soéng (hinh tréi) va dong chdy phat sinh do song (hinh phai) trén béi thoai
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KET LUAN

Bai bao trinh bay két qua nghién ctru phat
trién thanh cong md hinh sb dua trén hé
phuong trinh Boussinesq m& rong va ket hop
cai tién tiéu tan nang luong do song db. Mo
hinh duogc xay dung dua trén sy két hop giai s6
theo phuong phap thé tich hitu han véi so dd
TVD va sai phan trung tm cho thanh phan
phan tan song Boussinesq.

Céc md phong sb ban dau so sanh véi sb
liéu thi nghiém ciing nhu véi két qua mo phong
bang mo hinh thuong mai MIKE 21 cho thay
su phu hop tdt va c6 su trong dong dinh tinh
cao. M6 hinh Boussmesq phét trién trong
nghién cuu nay c6 kha nang mé phong kha linh
hoat cac bai toan séng vung ven bo ¢6 su hién
dién cua cong trinh, c6 sy phan xa sc')ng Viéc
nghlen cttu mo phong dong chay song ven bo
khi c6 cong trinh va c6 con ngam cho thay mo
hinh cho phép mé phong duoc qui luat caa cac
qua trinh vat 1y do séng gy ra nhu phdn Xa,
dong ven, dong rat. Tu két qua nghién ctu
ciing cho thdy, md hinh MIKE 21-SW néu md
phong cho khu vuc co dia hinh phuc tap, c6
hign di¢n cong trinh, c6 su phdn Xa, két hop
song phuc tap thi s& gap rat nhiéu han ché dan
dén sai s6t trong két qua md phong.

Loi cam on: Bai bao duge hoan thanh dudi su
ho tro cua dé tai TNMT.2016.06.09. Nhom tac
gia xin tran trong cam on.
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