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MO PHONG SONG LEO TREN BAI NGHIENG NHAM SU DUNG
PHUONG TRINH NUGC NONG PHI TUYEN BAO TOAN

WAVE RUN-UP ON A ROUGH SLOPE APPLYING CONSERVATIVE
FORM OF NONLINEAR SHALLOW WATER EQUATIONS
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T6m tit: S6ng leo va song rit 1a cac hién nrong ti nhién, xay ra phé bién khi séng truyén téi béi
bién hay mai dac cong trinh nhu dé chdn séng, dé bzén Nghién ciu nay phat trién phirong trinh séng
nwéc ndng phi tuyén dang bdo toan trong moi truong réng. Két qua md phang md hinh si dung phurong
trinh co ban nay duot kiém chaeng véi loi gidi gidi tich cho bai toan song lan truyén trong méi triong
réng véi cac do réng khac nhau va cho thdy sw pht hop ciia mé hinh. Bac biét, nghlen cuu ciing mo
phong séng leo va séng rit trén bai nghiéng co do nham va duwoc kiém ching véi ket qua thi nghi¢m tir
mé hinh vt ly. M6 hinh sé si dung trong nghién cizu duoc ap dung phwong phap thé tich hizu hgn cho
thdy dé chinh xéc cao khi song truyén 1én mai dac.

Tir khoa: Phurong phdp thé tich hitu han, phwong trinh bdo todn nwéc nong phi tuyén, song leo,
song rut.

M3 phén logi: 11.2

Abstract: Waves run-up and run-down happen when water waves propagate to the slope of a
structure such as the foreshore of a rubble mound breakwater or the slope of a beach. This study
introduces a conservative form of nonlinear shallow water equations in porous media. The numerical
results of the model are well verified with the analytical solution employing various porosities. The
second part of the model simulation shows a good agreement between the current model and the physical
experimental data for waves run-up and run-down on a rough slope. This study applies the finite volume

method which shows its advantages in the simulation of waves on slopes.
Keywords: Finite volume method, nonlinear shallow water equations, wave run-up, wave run-

down.

Classification code: 11.2

1. Giéi thigu

Chiéu cao s6ng leo la théng sb quan trong
trong viéc xac dinh cao trinh dinh cua cac
cong trinh dé chin song va ciing 1a mot chi s6
quan trong dé xac dinh song tran khi thiét ké
cac cdng trinh ven bién. Hién tuong song leo,
song rat 1a hién twong tu nhién xay ra pho bién
khi song truyén téi mai doc (bai bién, mai dé
bién, mai dé chan song, ...).

D3 c6 kha nhiéu nghién ciru vé hién tugng
so6ng leo trén mai déc. Mot sb nghién cau st
dung mé hinh vat ly dé dua ra cong thac thyuc
nghiém xac dinh chiéu cao séng leo. Battjes
(1974) @& xuét cong thirc xac dinh chiéu cao
s6ng leo trén méi dc phang, khong tham dua
trén cac két qua thi nghiém. Trong khi d6 Van
der Meer va Stam (1992) tién hanh céc thi
nghiém dé xac dinh chiéu cao song leo trén

méi dbc dé da doé va ciing dé xuét cac cong
thac thyc nghiém.

Pa s6 cac nghién ciru trén dugc thuc hién
trong phong thi nghiém véi cac mai déc nhan
tao. Tuy nhién, ciing da c6 mot sé nghién cau
vé song leo duogc tién hanh trén bai bién tu
nhién. Holman (1986) da nghién ciru vé song
leo sir dung s6 lidu tir quan doi My tai bai bién
Duck (M§) véi chiéu cao séng toi khoang tir
0.4 mt6i 4 m va do dbc bai trong khoang 0.1.

Trong khi d6 Nielsen va Hanslow (1991)
da thu thap sé liéu dé nghién ctiu vé séng leo
tai 06 bai bién & New South Wales (Uc) véi
chiéu cao séng khoang tir 0.53 m téi 3.76 m,
chu ky song tir 6.4 s toi 11.5 s va do doc béi
bién trong khoang tir 0.026 ti 0.189. Céc
nghién ctru nay c6 thé duoc sir dung dé du bao
chiéu cao soéng leo cuc tri khi biét cac diéu
Kién song ngoai khoi.
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Vi va cong su (2018) dd phat trién
phuong trinh Boussinesq mo rong md phong
Song truyen trong moi truong rong va cling co
thé duoc s dung dé mo _phong song truyen
qua dé chin song két cau rdng c6 mit cit
ngang dang hinh chit nhat nhu dé bang hai
hang coc bé tong ly tam d6 d4 hoc vao giira,
dé bang hang rao tre. Tuy nhién mé hinh nay
chua md phong duge truong hop séng truyén
qua dé két cau rong c6 mat cat ngang dang
hinh thang hoic dé rong ngap. Bé khic phuc
nhugc diém nay, Lee va cong su (2018) da
phét trién phuong trinh Bussinesq ma y rong mod
phong song truyén qua hai l6p. rong theo
phuong dirng. M6 hinh nay c6 thé md phong
cho trudng hop séng truyén qua dé da doé ngap
va khéng ngap. Tuy nhién, hai md hinh trén
déu & dang phuong trinh khéng bao toan, chi
thich hop v&i mién tinh todn cé chiéu sau nudc
lién tuc. Mat khac, khi mé phong cho cac
truong hop song leo, song tran trén dé da do
hodc bai bién s& gap kho khan do mién tinh
toan c6 chiéu sau nudc khong lién tuc (Pham
va cong su, 2019). Bé giai quyét cac van dé
trén, trong nghién ctru nay, nhém nghién ctu
budc dau phat trlen phuong trinh dang bao
toan cho song truyén trong méi trudng rong &
vung nudc ndng.

Ngoai phan 1 giéi thiéu tong quan vé mot
s6 nghién ctru lién quan téi song leo, bai bao
duoc bd cuc nhu sau: Phan 2 gigi thiéu hé
phuong trinh phi tuyén dang bao toan cho
song lan truyén trong maéi truong roéng ving
nudC ndng cO xét téi do nham day va gidi
thigu vé phuong phap s6 4p dung trong nghién
cuu nay phan 3 tién hanh md phong song
truyen trong moi truo*ng rong ciing nhu séng
leo, song rat trén mai déc c6 dd nham va so
sanh véi sd liéu thi nghiém caa O’Donoghue
va cong su (2010); va phan cudi cung 1a danh
gia két luan.

2. Phwong trinh co ban dang bao toan
cho séng lan truyén trong méi trudong réng

Hé phuong trinh phi tuyén dang bao toan
mét chiéu theo phuong X ¢6 xét téi anh hudng
ctia 46 doc day va d6 nham dia hinh dung hé
toa do (b, s) nhu sau:

U FU)

2D ) ®

Véi U la véc to cua cac bién bao toan;
F 1a véc to thong luong theo phuong x; H
1a thanh phan ngudn.

Céc dai lwong U, F, H lan lugt duoc
xac dinh theo céac céng thuc sau:

S
- =[ﬁ(5_b)uJ @
(s—b)u
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FU) [ﬂ(s—b)u2+%g(s—b)zJ ®)
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V6i u lavan téc hat nude theo phuong X;
s 1a chiéu cao mat nuée va b 1a chiéu cao day
tinh tir mat chuan dugc chon theo nghién ciu
cata Pham va cong su (2019); S,(
=—db/ox=tan@, ¢ la goc déc) la do doc day;
C, (C,=(s-b)"*/n, n 1ahé sé nham Manning)
la hé s6 Chezy; « va f lan luot 1a hé sb can
dong chay va hé sé can quan tinh caa moi
trudng rong, duge xac dinh theo cong thirc
(Vi va cong su, 2018) nhu sau:

1-4Y
a=aq (Tj dvz | G

p=1+(1- /1) K 0

Véi A 1a do rong clia moi trudong; a, va
a, lan luot 1a hé s6 can dong chay tang va hé
sb can dong chay réi; v 1a hé sé nhét dong hoc
ciia nudc; d 1a duong kinh hat va « 1a hé sé
khéi lugng nuée kém. Khi d6 réng A <1,
phuong trinh (1) mo ta song phi tuyén lan
truyén trong moi truong cd suy giam ning
luong; khi do rdng A =1, hé s6 can dong chay
a =0 va hé sb can quan tinh S =1, phuong
trinh (1) 12 hé phuong trinh phi tuyén nudc
nong thong thuong.

Phuong phap thé tich hitu han duoc &p
dung dé roi rac hda thanh phan thong lwong va
phuong phép sai phan hitu han dugc ap dung
dé roi rac hoa thanh phan do dbc day.
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3. M6 phéng song sir dung md hinh sé
tri

3.1. S6ng truyén trong mdi truedng réng

Khi séng duoc tao ra va lan truyén trong
moi truong réng (moi trudng cO suy giam
nang lugng), nang luong song bi suy giam phu
thuoc vao dic trung ctia moi truong rong, dac
trung cua song toi cling nhu khoang céch tu
ngudn song tai vi tri can xac dinh. Trong phan
nay nghién cau tién hanh mo phong song lan
truyen trong moi tmong rong va so sanh vai
loi giai giai tich dé kiém ching md hinh da
phat trién. Theo Vil va cong su (2015), 1o giai
giai tich cua bién d6 song khi suy giam nang
lugng, a,, dugc xéc dinh theo cong thuc:

(6)

X, la vi tri

a, = a, exp| 7k, (x—x,)]
Vi a, la bién do song taoi,
nguon séng va k; 1a thanh phan 4o caa s6 séng
phicc k . Trong nghién ctu nay, phan 4o cua
s0 sAng phirc dugc xac dinh theo céng thic:
a 1
(7)

IZ\/Zgh 2
1+ 1+ &
i +(/3J

MBbi truong rong trong md phong duoc
xac dinh vai cac dac trung sau: Hé s6 can dong
chay ting «, =800; h¢ sb can dong chay roi

a,=3; hé sb nhét dong hoc cua nuéc
v=1.004x10°m?/s; duong kinh hat
d=2cm va hé sd khéi lugng nuéc kém
x =0.34; anh hudng cua do nham day dugc
bo qua trong tinh toan nay. Do rong cua moi
treong dugc st dung véi 04 gia tri khac nhau
dé phan tich anh huong cia do rdng moi
truong téi mue do suy giam nang lugng song,
4=10.908 &05. Can luu y truong hop
A=1, khi séng truyén trong méi trudng
khong c6 suy gidm nang lugng hay moi trudong
nudc thong thuong.

Mién tinh toan dugc thé hién trong hinh 1
v6i d6 sdu nudec h=1m, song tuyén tinh c6
chu ky T =12.8s va ngudn song dugc dat
gitta mién tinh toan. L6p tiéu séng co chiéu

day 4L dé triét tiéu hoan toan song phan xa
lai vao mién tinh toan.
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Hinh 1. Mién tinh toan 1 chieu mo phong
song truyen trong moi truong rong.

Hinh 2 so sanh chiéu cao song khong thtr
nguyén (a/a, ) giita két qua tir md hinh sé va
101 giai giai tich cho thay rat phu hop. Khi d6
rong bang 1 (hinh 2a), ning lwong song khong
bi suy giam trong sudt mién tinh toan. Khi do
rong nhé hon 1 (hlnh 2b, ¢, d) chiéu cao Song
giam dén tir ngudn séng. Dic biét véi do rong
2=05 (hinh 2d) 1a trudng hop phd bién véi
cac thi nghiém dé rong (Thieu va Mai, 2020;
Mai va cong su, 2019), ¢6 thé thiy niang luong
song bi triét tiéu hoan toan sau khoang mot lan
chiéu dai séng.

— numerical sol.
- - exact sol.
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Hinh 2. S6ng lan Eruyén trong méi truong
¢6 do rong khac nhau.
3.2. S0ng leo trén bai nghiéng nham

Dé tiép tuc kiém chang mé hinh da phét
trién, nhom nghién ctu tién hanh méd phong
song leo va song rat trén bai nghiéng nham,
ddng thoi so sanh véi két qua thi nghiém tir
mo hinh vat ly caa O’Donoghue va cong su
(2010) duoc thé hién trén hinh 3. Chiéu cao
cot nwde ban dau H, = 0.65m, véi chiéu rong
L, =1m, d6 sau nudc phia bdi H, =0.06m,
véi chiéu rong L, =3.8m. Do nham cia bai
duoc tao ra bang cach s dung mot 1op da cudi
nhé co6 duong kinh d =5+6mm xép phia
trén mai déc cang co do déc tana =0.1. Hé
s6 Chezy duoc sir dung trong tinh toan la
C, =28m"/s. Cot nudc ban dau sau khi do

Xuong sé tao song lan truyen trong moi truong
nudc thong thuong véi hé sb rong A =1, sau
d6 song leo 18n méi déc nham theo truc x nhu
hinh 3. Két qua mé hinh duoc so sanh véi s6
licu thi nghiém tai bén vi tri
X=0.5m, 2.35m, 3.0m, 3.55m.

Hinh 4 thé hién md hinh s6 da mé phong
hiéu qua hién tuong séng leo trén bai nham tai

bén vi tri khac nhau. C6 thé nhan thay kha rd
su phu hop duoc thé hién ca vé van téc song
va chiéu cao s6ng. Vé van tc séng, tai bon vi
tri song truyén dén, két qua thoi gian dé song
leo t&i mdi vi tri cua md hinh hién tai va caa
sb lieu thi nghiém la hau nhu khong c6 su khac
biét. Cu thé, thoi gian dé bat dau leo t6i diém
X=0.5m; 2.35 m; 3.0 m; 3.55 m twong tng la
t=1.92s; 2.66s; 2.99 s; 3.34 s. Do do, cung
mot quing duong va mot thoi gian, van tdc
s6ng giita hai két qua 1a nhu nhau. V& chiéu
cao song, ¢ thé thiy cac thoi diém dau (t < 4
s), két qua cho thay c6 su chénh léch déi chut
gitra s6 liéu md hinh sé va sb liéu thi nghiém.
Tuy nhién, tai cac thoi diém sau do6 (t > 4 s),
két qua chénh léch nay giam dan. Dac biét, tai
diém cao nhat trén mai doc (x = 3.55 m), két
qua chiéu cao song leo hau nhu khéng co su
chénh léch giita két qua mé hinh sé hién tai va
s6 liéu thi nghiém.

4. Kétluan

Trong bai bao, nhém tac gia da ap dung
phuong trinh co ban phi tuyén dang bao toan
cho song nuwdc néng lan truyén trong mai
truong rong. Md hinh sb trong nghién cau ap
dung phuong phép thé tich hitu han cho do
chinh xé&c cao. V&i truong hop séng truyén
trong mdi trudng rong, két qua mé phong tir
md hinh sb duoc so sanh véi 1oi giai giai tich
cho thay ning lugng séng suy giam phu thudc
vao do rong ciia moi truong ciing nhu khoang
cach tir ngudn séng t6i vi tri tinh toan. Truong
hop séng leo va séng rat trén mai doc co do
nham, mé hinh sé md phong kha chinh xéc cac
hién tugng song nay ¢ nhirng vi tri khac nhau
trén mai déc nham khi so sanh véi s6 liéu thi
nghi¢ém cua O’Donoghue va cong su (2010).
Két qua nghién ctru ban diu ciing 13 co s dé
nhom nghién cau tiép tuc phat trién md hinh
s6 ma nguon mé mod phong cho cac truong
hop song leo trén bai bién, song leo trén dé da
d6, dé mai nghiéng khong tham hay truong
hop dac biét la song tran trén dé mai
nghiéngQd
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Hinh 3. Thi nghiém s6ng leo mai déc nham (O’Donoghue va céng s, 2010).

x=05m

0.05

Xx=3.00m

0.05¢

t(s)
Hinh 4. So sanh chiéu cao song leo va séng rit trén méi doc nham gidia md hinh sé hién tai (nét lién) va két qua
thi nghiém cia O’Donoghue va céng su, 2010 (khoanh tron) tai bon vi tri trén mai doc nham.
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