NGHIEN CUU BANG MO HINH S& SONG TRAN QUA BE BIEN CO TUONG DINH THAP

Nguyén Vin Thin', Nguyén Vin Ngoc 2 Thiéu Quang Tuin®

Tém tat: Cdc mé hinh todn dwa trén phwong trinh phi tuyén nuwée néng (NLSW - viét tt cia
Non-linear Shallow Water equations) va phuong trinh (RANS - viét tit cia Reynolds-Averaged
Navier Stokes) dwoc dp dung dé tinh todn lheu long séng tran qua dé bién cé tuong dinh thap. Cdc
mé hinh dwoc kiém dinh va hiéu chinh véi bé s6 liéu song tran qua dé bién (song nngu nhién) duoc
thwe hién béi Tuan (2013) trong khudn khé dé tai nghién ciu khoa hoc co ban NAFOSTED. Mé
hinh todn cé thé dp dung mét cach hiéu qua dé dw dodn lwu lwong song tran doi cho dé bién cé

twong dinh thap.

Twr khoa: Song tran; twong dinh; thém truwéc; TAW-2002; RANS-VOF.

1. PAT VAN PE

Tudng dinh thap duoc sir dung kha phd bién
cho hé thong dé ¢ Viét Nam va duoc coi 1a giai
phép hiru hi¢u dé giam song tran (Hinh 1). Cac
phuong trinh song tran theo kinh nghiém hién co

nhu TAW-2002 va EurOtop-2007 van chua thé ap
dung mot cach phu hgp cho loai dé nay (Tuan et
al., 2009 and Tuan, 2013). Do d9, viéc hiéu 1 4nh
hudng cua tuong dinh thap ddi voi song tran 1a rat
can thiét trong cong tac thiét ké dé bién.

a) Pé bién phd hoai nghiém trong do song tran

b) Dé bién dién hinh c6 tuong dinh

Hinh 1: Pé sir dung twong dinh thap nhuw la mot giai phap chong séng tran ¢ Viét Nam.

Muc tiéu ctia nghién ctru 1a tim hiéu kha
ning ciia md hinh s & cac mirc chi tiét khac
nhau tir mo hinh don gian (NLSW) dén mé hinh
phuc tap hon nhu (RANS-VOF) dé mé phong
song tran qua dé véi su hién dién cua tudng
dinh thap trén de.

Mo hinh toan cia séng tran qua cac két cu
cong trinh bién da thu hat nghiéu nghién ctru va
da dat dugc nhiing budc tién dang ké trong vai

! Khoa Céng trinh, 7de'ng Dai hoc Thuy loi
? Khoa Ky thudt bién, Truong Dai hoc Thiy lpi

thap ky qua. Cac md hinh toan dya trén moé hinh
RANS va phuong trinh phi tuyén nudc nong
dugc sir dung phd bién nhit trong viéc tinh toan
song tran. Viéc lua chon mt mo hinh phu hop
giita cac mo hinh trén dé ap dung trong thiét ké
k¥ thuat nén dugc dua trén sy hiéu qua cia mo
hinh déi véi mirc d9 chi tiét can thiét.

Céac mo hinh hg RANS-VOF c6 kha nang ap
dung mo phong van dé tuong tac giita song va
tuong dinh voi cac dang két cAu cong trinh nhu
phirc tap khac nhau. Trong vai thap nién gan
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day, cac nd luc dang ké da duoc thyc hién dé cai
tién kha nang tinh toan ciia cic mo hinh RANS
(xem e.g. Lin and Liu, 1998; Li et al., 2004;
Reeve et al., 2008; Xiao et al., 2008; Losada et
al., 2008; Lara et al.,, 2011). Kha nang mo
phong ctia cac mo hinh nay da c6 nhiing budc
tién rd rét nhu 1a c6 thé tmg dung cho cac dang
hinh hoc va két cdu phtic tap khac nhau, co thé
ké dén cac diéu kién sat v6i thuc té hon nhu: tir
tuong tac song don gian voi cac két cau khong
tham nudc dén cac dong chay phuc tap do song
trong cic két cau rong, tir viéc tao bién song
ngudn dén tao song twongg ty nhu mang song
vat ly (xem Torres-Freyermuth et al., 2010; Lara
etal., 2011).

Han ché chinh cua ho mé hinh RANS 14 hiéu
qué tinh toan rat thap, thuong mat nhiéu gid trén
may tinh thong thuong dé mo phong mot sb
gidy cua dong chay trong thoi gian thuc. Ddi véi
viéc phan tich thong ké cua song tran ddi véi
song ngau nhién thuodng yéu cau méd phong sb it
nhat 1000 con song thi thuc su 1a van dé nan
giai d6i khi sir dung ho mo hinh RANS. Khi d6
cac mo hinh ho NLSW thé hién uu thé hon so
voi cac mo hinh ho RANS-VOF.

Céc phuong trinh NLSW dat dugc boi viée
tich hop cac phuong trinh Navier-Stokes ddi véi
chiéu sau dong chay véi cac gia thuyét sau day:
phan bd luu téc dong chay déu theo phuong
dtung; ap luc dong chay la thuy tinh va day long
dan c6 d6 déc thodi. Do d6, cdc md hinh NLSW
it phirc tap hon va hiéu qua hon rat nhiéu trong
tinh toan (chi cung cip cic tham sd trung binh
d6 sau cua dong chay). Phan bd ap luc thuy tinh
cung voi tinh chat phi tan xa la cac mat han ché
nodi tai ciia phuong trinh NLSW trong mét s6

ung dung tinh toan k¥ thuat.

Noi chung, cac mé hinh NLSW c6 kha nang
kha tot trong viéc tinh toan luu lugng song tran
qua dé c6 d6 ddc nho va khong co tuong dinh
(vi du xem Kobayashi and Wurjanto, 1989;
Kobayashi and Wurjanto, 1992; Dodd, 1998;
Hu et al., 2000; Hubbard and Dodd, 2002;
Stansby and Feng, 2004). Di véi song tran qua
céc két cau co hinh dang phirc tap nhu mai doc
phia bién rat déc hodc doc ding, khi d6 viéc
bién d6i twong duong dang hinh hoc cta két ciu
hodc cai tién mo hinh sb 1a can thiét @& mo hinh
NLSW c¢6 thé duoc ap dung mot cach twong ddi
hop ly (Hu et al.,, 2000, Zhou et al., 2001,
Shiach et al., 2004).

Céac han ché noi tai ciia moé hinh NLSW c¢6
thé dugc giai quyét bdi mod hinh dang
Boussinesq. Do song v& khéng dugc mo td mot
cach tu nhién boi phuong trinh Boussinesq va
hé s6 dao ham béc cao trong phuong trinh nay
khong phu hop tai cac vi tri gin v6i duong bd
(e.g. Bellotti and Brocchini, 2002; Brocchini
and Dodd, 2008). Phuong trinh Bousssinesq cai
tién nhu trong moé hinh COULWAVE bai
Lynett et al. (2000; 2002) duoc ap dung kha tot
cho khu vyc song do. Tuy nhién, khi d6 cdc mo
hinh ndy trd nén rat phiic tap dé c6 thé tinh toan
song tran qua cong trinh nam trong ddi séng do.
Va nhu vy cac mo hinh NLSW van t6 ra loi thé
hon cac mé hinh Boussinesq véi cung muc do
chinh xac trong viéc tinh toan dy bao song tran.

Noi tom lai, véi muc dich xac dinh luu lugng
song tran trung binh thi m6 hinh NLSW duong
nhu 14 hdp dan nhat. P6i véi twong tac song va
cong trinh, thi can phai sir dung mé hinh ho
RANS-VOF.

2. CAC THi NGHIEM SONG TRAN TY LE NHO
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Hinh 2: Bé tri thi nghiém séng tran véi séng ngdau nhién (theo Tuan, 2013)
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Trong nghién ctru nay chung t6i st dung bo
sO liéu thi nghiém song tran qua dé co tuong
dinh thr?ip duoc thyc hién boi Tuan (2013) tai
phong thi nghiém thuy luc — Truong Pai hoc
Thuy Loi. Mang séng dai 45m, cao 1.5m duoc
trang bi hé thong hap thu séng phan xa ty dong
(AUKEPC/ARC - DELTARES). M6 hinh dé
cao 70cm, véi bé mat mai dé nhin va khong
thim, mai doc dé phia bién 1/3,1/4. Tuong dinh
¢6 chiéu cao 1an lugt 1a 4, 6 va 9cm voi két ciu
¢6 thé thao roi dugc nhiam t6 hop thanh nhidu
dang két cdu hinh hoc dé khac nhau. Chi tiét vé
cac chudi dir liéu séng ngau nhién, xin tham
khao thém Tuan (2013).

3. MO HINH TOAN

Nhu da trinh bay ¢ trén, m6 hinh NLSW cua
Tuan va Oumeraci (2010) va md hinh RANS
(COBRAS-UC, Losada et al., 2008) dugc sur
dung ¢ day dé tinh toan luu lugng song tran qua
dé bién c6 twong dinh.

3.1. M6 hinh ho NLSW

3.1.1 Cac phwong trinh co ban

Mo hinh ctia Tuan and Oumeraci (2010) dua
trén dang bao toan luu lugong cia cac phuong
trinh NLSW dugc giai béng viéc loai bo bién
bac cao (TVD), dang Roe nhu sau:

ou ) OF (x,U)

ot Ox
Trong d6: cac véc-to bao toan U , I?(x,U) va

=S(x,U)(1)

cac vec-to thanh phan S(x,U) duoc xac dinh

nhu sau:
7eo-(1,] @
- — uh
FU)= [uzh v g/ 2] ®
-~ (0
S(x,U)= [gh (5, -5, +5 )j 4)

Trong d6: g la gia téc trong truong, h la
chiéu sau dong chdy, u 1a van toc dong chay
theo phuong ngang, Sy, va Sy tuong mg la mai
dbc day va ma sat day. Chu ¥ rang S, 1a thanh
ph?m do déc do cudn song bé mit duoc thém

vao boi Tuan and Oumeraci (2010) dé ké dén
anh hudng cua song vo khi c6 su hoat dong
manh ctia cudn bé mit trong ving séng vo trén
nén dong chay trung binh.

M6 hinh mugn phuong phéap gidi Roe- dang
Riemann (Toro, 1997; Toro, 2001), két hop véi
phuong phap thé tich hiru han (FVM). Dé giai
) hang cudn song bé mit S,, mo hinh duogc két
hop v6i mot mo hinh suy gidm nang lugng song
don gian (ENDEC) (Battjes and Janssen, 1978;
Battjes and Janssen, 2008).

Xin tham khdo thém Tuan and Oumeraci
(2010) dé biét chi tiét hon vé phuong phap tinh
toan.

3.1.2. Luu heong song tran voi song ngau nhién

Theo dinh nghia ctia m6 hinh thi tuong dang
khong mo td dugc trong mé hinh NLSW do
truong dong chay khi d6 s€ vi pham cac gioi
han nudc noéng, do vay viée diéu chinh, bién d6i
hinh hoc twong dwong ciia twdng dinh 1a can
thiét.

Hu et al. (2000) da khao sat dua trén mo
hinh toan séng tran qua tuong dinh thang dung
trong d6 phan thang dimg cua tudng duoc dicu
chinh thanh mai c¢6 d6 dbc 1:20 ti 1:10. Su
diéu chinh nay khac xa so v4i gia thuyét co ban
ctia cac phuong trinh NLSW. Két qua tinh toan
luu lugng song tran dugc dy bao tr mo hinh
phu hop véi dit li€u tr mo6 hinh vét 1y cua Goda
(1985) and Herbert (1993). Tuy nhién, do diéu
kién thi nghiém cac thi nghi¢m nay khong duoc
mod td mot cach chinh xéac, do d6 kha nang cua
mé hinh NLSW dé tinh toan song tran qua
tuong dinh ciing chua duoc khiang dinh (Hu et
al., 2000).

Trong nghién ctru nay, ching toi str dung két
qué nghién cuu tor nghién citu mé hinh véat 1y
ciia Tuan (2013) vé anh hudéng cua tuong chin
song dén song tran. Theo d6, hai phuong an quy
ddi c6 thé duoc dung nhu duoc thé hién trong
cac tudng thang dung sau day ma khong anh
huong nghiém trong dén gia thuyét cia cac
phuong trinh NLSW.
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N (a) Crown-wall replaced by a 1:1 slope (TAW-2002)

{b) Equivalent freeboard method

\7

R¢™ = (Re-W).1/yy

Hinh 3: M6 td mdi nghiéng qua twong thing dirng
(a) TheoTAW-2002 (b) Theo chiéu cao gia dinh

O phuong phép thtr nhét, duoc thé hién trong
Hinh 3a, tuong dinh duoc thay thé boi tudng co
mai déc 1:1 bit dau tir chan tudng va chiéu cao
dinh tuong phia trén muc nudc, Rc dugc gil
nguyén nhu khoang céch thing dimg tir myc nudc
tinh dén dinh tuong chin thing ding. Piéu nay da
duoc dé xuét trong TAW-2002 cho viéc xac dinh
mai doc twong dwong trong viéc tinh toan song
tran theo cong thirc kinh nghiém. Tuan (2013) da
chi ra rang su van dung nguyén Iy hinh hoc nay c6
thé dem su phu hop tuong d6i véi cac sb lidu thi
nghiém song tran va co thé ap dung duogc trong
tinh toan luu lugng song tran.

Trong phuong &n thu hai, dinh dé cung véi
tuong chin song dugc thay thé boi mét cao trinh
dinh tuwong duong nhu Hinh 3b, trong d6 anh
huong tong hop cia tuong theo Tuan (2013)
duoc thé hién nhu sau:

bbi véi song vo: (Eom < & = 2.0):

-2 _- \?%éwexp(—4.75.1€;{_w 1 1] )

; —
\eH, w0 Som Ve

bbi véi song khong vo: (Em > & = 2.0):

R-W
0 =— L _020exp| 265 L1 (g
3
gHmO HmO 7\)

Trong d6: O* 1a dai lugng khong thir nguyén
cua lugng song tran trung binh, ¢ 1a luu lugng
tran trung binh, H, 1a chiéu cao song tai chan
de, & la sb Iribarren duoc tinh toan tur phé chu
ky T.1.0, R: 1a @6 Iuu khong dinh @€ R., y 1a hé
s6 anh hudng tong hop cua tuong. Luu ¥ ring,
cac hé s chiét giam khac do bai, do do nham
ciia mai déc va do do xién goc cua song tGi
khong xét ¢ day.

Tir phuong trinh (5) va (6), chiéu cao tuong
duong ciia dinh tuong chan bén trén myc nudc
R.* trong tinh toan luu lugng song tran qua tuong
chin song dinh thap duoc tinh toan nhu sau:
R =52 )

7

Hé s6 anh huong tong thé cua tuong duoc
xac dinh theo Tuan (2013) cho ca song v va
song khong vo dugce tinh toan nhu sau:

1 1 1
—= ®)
}/v 7w }/s

w1
—=l+q — (9)
w Rc _Wé:Om

S 1
—=l4g—— (10)
7/S HmO §Om
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Trong d6: %, va % la cac hé s6 anh huéng cua
chiéu cao tudng va chiéu rong ciia tudng; ¢; = 1.60
va ¢, = 1/8 tuong g 1 cac hé s6 kinh nghiém.

Két qua ctia m hinh theo hai phuong 4n & trén
duoc so sanh véi sb liéu thi nghiém mo hinh vét Iy
thé hién trong cac hinh 4 va 5. Nhin chung, cic
két qua ciia ca hai phuong an phu hop kha t6t véi
cac s liéu thi nghiém mé hinh véi mirc do hodi
quy R* 1an Iuot 13 0.88 va 0.87 cho phwong 4n thir
nhét va phuong 4n thir hai. Sai sd trung binh 13
39.8%, voi mot sai so dic biét 16n khi luu lwong
song tran bé voi tuong dinh kha cao (W=9) hoac
khi dé khong co6 thém trude (S = 0).

C6 mot diém dang chu ¥ 1a trong cac truong
hop tudng twong ddi cao (W/Hs > 0.5) va chiéu
rong thém (S= 0) khong c¢6 su chuyén tiép, thi mo

0014
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o
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&
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]
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L
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Measured dimensionless discharge q/(g"Hs)

3,0.5

Hinh 5: Két qua tinh todn séng tran theo phuong

hinh NLSW cho két qua c6 mirc do tin cay thap.

0.014

phap chiéu cao heu khéng twong dwong

- do dac so vdi tinh toan
0.012F
2 3.2. Song tran voi mé hinh RANS-VOF
oot 5 3.2.1 Phwong trinh co ban
H (RE-088) COBRAS-UC (Losada et al., 2008; Torres-
z 0.008 Freyermuth et al., 2007) duoc bt ngudn tir mo
i oo 2 hinh COBRAS, m6 hinh RANS cua Liu et al.
Ny (1999):
£ oW w=0 o(u,)
8 oooaf A o W-088=0 2o (11)
Egl D* Dﬂ; Sl W=4m&s>0 Ox,
- ‘( 8“% W=6m&S>0 6<ui> 5<ui>
Dy > X W=9m&S>0 +<uj> =
= LI ot ox,
% oo 0.004 0006 0.008 001 001z 0014 1 (3<p> 1 8 a(u >
Measured dimensicnless discharge q/‘(g]‘H:)GS =\ 7 g, —_ Y7 N\NTiS p<u’u’> (12)
\ A L U o Ox, " opox, ox, v
Hinh 4: Két qua tinh todan song tran mo hinh i j J

NLSW theo phwong phdp bién doi twong twong
dwong thir nhat - do dac so voi tinh todn

va két hop phuong hé phuong trinh véin
chuyén réi (k-&):

Ok ok o l(v, ok o(u,)

o N _ 9 e, il 13

at+<u,,>axj o, Hakﬂ/axjﬂ (uju)) ox, € (13)
2

5_8+<uj>£:i A —C1££<u,’u;.>M—C2£8— (14)

ot ox;  ox; |\ o, ox, koo, k

Trong do6: (u,,> la van téc trung binh theo
phuong i (i, j =1, 2 cho dong chay hai chiéu),
< p> 1a 4p suat trung binh, p 1a mat do chét long,
g 1a gia tdc trong truong theo phuong i, p<u u j',>
1a ing suat Reynqlds duoc md phong theo do
nhdt xody phi tuyén (Rodi, 1980; Lin and Liu,
1998). Cac h¢ s6 kinh nghiém la o = 1.0, o;
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=1.3, C, = 1.44, C,, = 1.92 (Rodi, 1980); v =
wpand v,= Cj’/e (Cq=0.99) twong tmg 1a cua
nhdt xody va nhdt dong hoc.

COBRAS-UC tinh toan dong chay trén mot
ludi chir nhat khong dong nhat. Mt thoang bt
ky cta dong chay dugc tinh toan theo phuong
phap “thé tich chat long” (VOF) ( Hirt and
Nichols, 1990).
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Mo hinh COBRAS-UC duoc ap dung dé mo
phong song tran cho ca séng déu va ngau nhién.
Trong bai bao nay chi tip trung séng ngiu
nhién, cac yéu té tip trung quan tim ¢ day la
lwu lwong tran trung binh. Pé ting hiéu qua cia
mo hinh, phan méang song tinh toan trong mo
hinh khong bao gém phan ciia mang song vat ly
tir ban tao song t6i sen-sor do song dit xa nhat
vé phia bién. Do d6 pham vi tinh toan 1a 32m
dai va 1.4m cao vdi cac 0 ludi chia tuong Gng 1a
1600x140 v6i budc ludi 16n nhat 14 0.02m theo
phuong ngang va 0.01m theo phuong dung.

3.2.2. Luu lwong tran ciia séng ngau nhién

0.5-

04 D

0.3-

0.2

Computed overtopping dischare {l/s/m}

a  COBRAS-UC
©  NLSW - Wall schematization 1
B NLSW - Wall schematization 2

! I ! ! '
a 0.1 02 a3 0.4 05 06
Measured overtopping dischare (lfsfm)

Hinh 6: Luu lwong séng tran ciia cdc song ngau
nhién mé hinh COBRAS-UC so voi mé hinh NLSW
Mo hinh duogc kiém dinh voi cac thi nghiém
mo hinh vat Iy ddi v6i cic séong ngau nhién
duoc mo ta trong muc 2. Nhu da néu trude do,
chudi séng cua it nhit 1000 con séng can duoc
thuc hién trong mé hinh vat Iy dé phuc vu cho
viéc phan tich thong ké song tran. Thoi gian tinh
toan xap xi 75 gio' cho 2200 gidy mo phong cia
may tinh ¢6 céu hinh: 3.1GHz-4GB RAM PC.
Do cau hinh thip nay nén chi ¢6 14 truong hop
thi nghiém dugc quan tdm trong céc thi nghiém
song ngau nhién, 1a cac truong hop ma cho két
qua khac biét 16n nhét tir mé hinh NLSW nhu
dugc chi ra trong hinh 4 va 5. Day la su két hop

TAI LIEU THAM KHAO

cuia mot diéu kién song tai ban tao song (Hyo =
0.10 m, T, = 2.2 s va chiéu siu nuéc D = 0.55
m) va véi tat ca cac dang mai doc dé voi cac
tuong chin cao (W = 6cm, 9cm; c6 hodc khong
¢6 chiéu rong thém trudc tudng dinh S = 0).

Luu lugng tuong tng do mé hinh NLSW véi
ca hai phuong phap mé phong tuong ciing dugce
so sanh O day. RS rang 1a, COBRAS-UC thé
hién vu diém hon so v6i md hinh NLSW véi sai
sO trung binh 13 60.1% (d6 léch chuan + 63.2 %)
va 129.4 % (x 100.6 %) lan lugt cho phuong
phap 1 va 2. Két qua tir COBRAS-UC va dir
li¢u tur thi nghi€ém md hinh khéa khép véi nhau
v6i d6 sai s trung binh 1a 39.7 % (+ 24.5 %).
Tuy vdy, sai sb 1én téi 63% cho cac truong hop
luu lugng tran nho.

KET LUAN

Nghién ciou d3 4p dung mo hinh NLSW
(Tuan and Oumeraci, 2010) va m6 hinh RANS-
VOF (COBRAS-UC, Losada et al., 2008) dé mé
phong séng tran qua dé co tuong dinh thap. Két
qua kiém dinh mo6 hinh véi cac sb liéu thi
nghiém mo hinh vét Iy mang séng chi ra rang,
COBRAS-UC c6 kha nang tinh toan tin cdy luu
lwong song tran qua dé bién c6 twdong dinh, tuy
nhién hi€u qua tinh toan lai rat théip. Hién tai,
viéc sit dung mo hinh NLSW nhin chung la c6
hi€u qua cao vdi dua mic do tin cay, cho phép
udc lugng nhanh luu lugng song tran qua dé co
tuong chan séng dinh twong dbi thip. Poi véi
cac truong hop tuong chin song cao (W/Hs >
0.5), c6 thé can thiét phai sir dung t6i mo hinh
song tran phuc tap 2DV nhu 1a RANS-VOF
cing v6i viéc chdp nhan hiéu qua tinh toan
khong cao.

LOI CAM ON

Nghién ctru da dugc thuc hién dudi su tai trg
kinh phi ciia Quy phat trién khoa hoc cong nghé
qudc gia NAFOSTED [QD 105.09-2010.10].
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Abstracts
NUMERICAL STUDY OF WAVE OVERTOPPING DISCHARGES
AT SEA-DIKES WITH LOW CROWN-WALLS

Models based on non-linear shallow water (NLSW) and Reynolds-Averaged Navier Stokes
(RANS) equations are applied to compute wave overtopping rates at sea-dikes with low vertical
crown-walls. Existing data from wave overtopping experiments of irregular waves are used to
validate the models. Thanks to pragmatic wall schematization approaches a simple NLSW model
can effectively be applied to predict the right wave overtopping discharges for cases of relatively
low walls. The RANS model is found to reliably predict average wave overtopping discharges for
walls with any complex geometric configurations, however with very low computational efficiency.

Keywords: Wave overtopping, crown-walls, promenades, NLSW, RANS-VOF.
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