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T6m tat: Trong nghién ciiu ndy tac gia md phong séng lan truyén rén dé chan séng ngam két cau
réng trong ving nwéc nong. Song bién do nho duroC tao ra bang phuong phdp Toi wu mién tao séng
(Relaxation Zone Method). Pé mé phong song truyén trén dé ngam két cau rong, nhém nghién ciru sir
dung phwong trinh séng nwéc nong lan truyen trong hai méi trwong tham dwoc rat gon tir phwong
trinh Boussinesq ma rgng cua Lee va cong su (2018). Phuong phdp sai phan hitu han duot sir dung
dé gidi bai todn séng nwéc ndng. Két qua mod phong tir mé hinh s6 duwoc so sanh kiém ching véi loi
gidi giai tich va cho thdy dg tin cdy cia mé hinh sé.

Tir khoa:Phuwong phap Toi wu mién tao song, dé ngam két cau réng, ving nuéc ndng, 1oi gidi so,
loi giai gidi tich.

Chi sé phan logi: 2.4

Abstract: In this research, a relaxation zone method is applied to generate waves propagating
over a submerged porous breakwater. The governing equations are obtained by removing the
dispersive terms from the extended Boussinesq equations of Lee et al. (2018) for waves propagating in
two porous layers. A numerical model is developed to solve the governing equations by using finite
difference method. The results from the numerical model are well compared with the analytical

solutions.

Keywords: Relaxation Zone Method, submerged porous breakwater, shallow water, numerical

solution, analytical solution.
Classification number: 2.4

1. Giéi thigu

Céc dang dé rong pha song dang dugc
xay dung kha phd bién hién nay trén thé gigi
va Viét Nam. Tuong tdc gilta song va dé
chin song két cAu rdng la chu dé quan trong
trong thiét ké cac cong trinh chan song ven
bién. V& nguyén tic dé chin song két cu
rong lam suy giam nang lugng song khi
truyén qua dé. Tuy thudc vao do rong cua dé
cling nhu cac yéu t vé kich thudc dé va dic
trung cua song téi ma nang lugng song co su
suy giam khéc nhau khi truyén qua than dé.
C6 hai huéng nghién ctu chinh vé dé két ciu
rdng hién nay: Huéng nghién cau thir nhat vé
dé két cdu rong khong ngap (séng chi truyén
qua than dé chi khéng truyén qua phia trén
dé) va huong nghién cau the hai vé dé ngam
két cau rong (song truyén qua than dé va phia
trén dé).

Vi hudng nghién ciu thi nhat, Vidal va
cong su (1988), Liu va Wen (1997), Lynett

va cong su (2000) da tién hanh cac nghién
chu Vé tuong tac giita song don (solitary
waves) véi dé rong qua céc thi nghiém bang
mo hinh vat ly trong mang séng cling nhu mo
hinh s6 mot chiéu dé xét hiéu qua giam séng
phia sau dé rong. Trong cac thi nghiém cua
minh, c4c tac gia déu thay d6i bé rong de,
duong kinh vién d4, chidu cao song téi (thay
dbi tinh phi tuyén cua song don) va dic trung
do6 rong cua dé (dbi véi truong hop mo
phong bang md hinh s). Céac két qua thi
nghiém déu cho thay khi tinh phi tuyén cua
song tang 1én thi hé s truyén séng qua than
dé giam va hé sé phan xa tang. Véi céc thi
nghiém sb hai chiéu va mé hinh vat ly trong
bé séng, cac nghién ctru cua Lara va cong su
(2012), del Jesus va cong su (2014), Vu va
cong su (2018) da phan anh chinh xac céc
hién twong song xuat hién khi séng twong tac
v6i dé chian song két ciu réng nhu hién
tuong phan xa, hién tuong truyén séng qua
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than d¢, hién twong nhiéu xa phia sau dé va
tuong tac giita song nhiéu xa sau dé véi séng
truyén qua than de.

Véi huong nghién cuu tha hai, Cruz va
cong su (1997), Hsiao va cong sy (2002) da
phat trién mo hinh sé cho séng truyén phia
trén dé chin song két cau rong va di kiém
ching md hinh véi cac sé liéu thi nghiém
trong mang séng. Hai nghién ctu nay chi co
thé ap dung cho truong hop I1op phia trén
khong co suy giam nang Iugng va I6p phia
dudi ¢ két cau rdng (song truyén trong moi
truong €O suy giam nang luong) Nguyen
Anh Tién va cong su (2018) da de Xuat cong
thire thuc nghiém tinh todn hé sé truyén song
qua dé rong dua trén cac két qua thi nghiém
duoc tién hanh trén md hinh vat ly trong
mang song thity luc. Két qua thi nghiém cua
nhom nghién ctru ciing cho thay céc yéu té
anh huong toi hiéu qua giam séng cua dé
ngdm bao gom kich thugc hinh hoc cua dé,
dac trung song to1, d§ ngap dinh dé va tuong
tac gitra s6ng voi mai dé. Thiéu Quang Tuin
va cong su (2018) ciing di tién hanh cac
nghién ctu thi nghiém bang mang séng, dé
xuat cong thac thuc nghiém xac dinh hé sé
truyén song qua dé rdng trén bai nong cua
ring ngap man. Tuy nhién mot yéu té quan
trong ma cac nghién ctu nay chua xét toi la
cac dic trung do rong cua de.

Lee va cong su (2018) da phat trién mo
hinh toan cho song lan truyén trong hai moi
truong rong (I6p phia trén va 16p phia dudi
déu c6 suy giam nang luong) va cling €6 thé
ap dung cho truong hop song truyén phia
trén dé ngam két cdu réng (I6p phia trén
khdng co suy giam nang luong, 16p phia dudi
c6 suy giam nang luong).

Trong nghién ciru nay, tac gia ap dung
md hinh cua Lee va céng su cho ving nudc
ndéng dé md phong song truyén trong hai l6p
rdng va song truyén phia trén mot 16p rdng
(dé ngam két cau rong).

Ngoai phan giéi thiéu chung, phan thu
hai cua bai bdo gidi thiéu phuong trinh co
ban cho séng nudc ndng lan truyén trong hai
moi truong tham duoc rGt gon tir phuong
trinh Boussinesq m¢ rong cua Lee va cong su
(2018). Céc két qua md phong bang mé hinh

sé duoc givi thiéu va phan tich trong phan
th}'r ba Cﬁa’béi béq. Phan thtr tu dua ra mot so
ket luan doi vai ket qua dat duoc cua bai bao.
2. Co sé ly thuyét
2.1. Phwong trinh co ban

Phuong trinh co ban cho séng lan truyén
trong hai 16p rong duoc Lee va cong su
(2018) phét trién dua trén gia thiét chat long
khong nén va dong chay khong rdi. Phuong
trinh séng duoc phét trién c6 dang phuong
trinh Boussinesq mé rong véi tinh phi tuyén
yéu. Song truyén trong mai truong c6 hai 16p
rong dugc miéu ta qua cac phuong trinh lién
tuc va phuong trinh dong lugng nhu sau:
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Cac dai lugng trong cac cong thuac tor (1)
dén (3) dugc giai thich nhu sau: u=(u,v) la
vec to van toc nudc 16 rdng trung binh theo
phuong z; V=(¢/ox,0/oy) la toan ti hai
chiéu gradient; 7 1a cao d6 mat nuéc, h Ia
d6 sau nudc; A, a, B lan lugt 1a do rong,
h¢ s6 can dong chay va hé s6 can quan tinh
cua lop rong; e =a/lh (a la bién do séng) la
théng so phi tuyén cua séng (nonlinearity);

IR
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w=h/1 (1 1a chiéu dai song) la théng sé
phan tan cta séng (dispersivity). Chi s6 dudi
1,2 thé hién l6p thir nhat va l6p th hai. Céac
hé s can dong chay va hé sb can quéan tinh
duoc cho baoi cac cong thirc sau:

1-AY v 1-21
=a| ——| —+a,———|u 4
a—a( 2] a2 @
B=1+(1-1)x (5)
V6i @, a lan luot 1a hé sb can dong

chay tang va dong chay rdi; v 1a hé sé nhét
dong hoc cua chat long; d 1a duong kinh hat
va « la hé s6 khdi luong nuéc kém (added
mass coefficient).

Trong vung nudc nong, phuong trinh (2)
va (3) duoc rat gon co6 dang sau:

0
(ﬂl&"'%)%"‘gvn"‘ﬁlufvul =0 (6)

(ﬂz +a2j , TgVn+B,u,-Vu, =0 (7)

Phuong trinh (6) va (7) ap dung cho
truong hop song lan truyén trong 2 16p rong
trong vang nuéc ndng. Khi song truyén phia
trén mot 16p réng nhu truong hop song
truyén phia trén dé rdng, song truyén phia
trén rirng ngap man hoic séng truyén phia
trén bai cat, van c6 thé ap dung phuong trinh
trén vai viéc sir dung hé sé rong caa lop trén
A, =1 (khi @6 o, =0, B, =1) va h¢ s rong
cua lép dudi 4, <1.

2.2. Quan hé phan tan

T hé phuong trinh co ban cho song
nu6c nong lan truyén trong hai lép rong (1),
(6) va (7), néu loai bo cac dai luong phi
tuyén, gia thiét song mot chiéu lan truyén
trén day phang nam ngang, khi d6 cac
phuong trinh (1), (6) va (7) duoc viét lai c6
dang:
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ot OX

bao ham phuong trinh (9) va (10) theo
thoi gian va két hop vai phu:ong trinh (8):
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Céc thanh phan van toc u, va u, c6 thé
dugc dinh nghia nhu sau:

u, = Aexpli(k, +ik ) x—at] (13)

u, = A exp[i(k, +ik ) x—ot | (14)

Véi A va A, lan luot 1a cac gid tri bién
d6 van toc caa cac thanh phan van toc u, va
u,, i 1aso ao, so song phic k (k =k +ik;)
gom hai thanh phan: k. 1a phan thuc lién
quan t6i pha song va k. 1a phan ao lién quan
toi suy giam nang lugng cua bién d6 song.

Sau khi thay phuong trinh (13), (14) vao
hai phwong trinh (11), (12) va bé qua cac sb

hang bac cao cho ta quan hé phan tan
(dispersion relation):

SOREDIFE

Véi ¢ 1a van téc pha song. Khi song
truyén trong moi truong nudc binh thuong
(khéng co suy giam nang luong), 4, =4, =1,
B,=p,=1vak =0 khido c*=g(h +h,).
bay chinh la cong thic xac dinh quan hé
phén tan cta séng trong vung nudc ndng
trong cac truong hop thong thuong khong co
suy giam nang lugng.

Tir cdng thie (15), c6 thé xac dinh duoc
phan thuc k_va phan 4o k, cua sé séng phtic
k tuy thuoc vao do sau nudc cling nhu Cac
ddc trung cua moi truong tham.
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3. M6 hinh s

3.1. Rai rac héa mo hinh toan

Phuong phap sai phan hiu han duoc su
dung d¢ giai phuong trinh (1), (6) va (7). Cac
phuong trinh (1), (6) va (7) dugc viet lai
trong khong gian mét chiéu nhu sau:

n. = E(n,u,,u,) (16)
[ul]t = F1(77’u1) (17)
[u,]; = F,(m,u,) (18)

Vi cac thong s6 E, F, va F, duoc
dinh nghia nhu sau:

E (7,u,,u,)

19
=[(vena] -],
F(7.u,) = —%iul —uu, _21 - (20)
Fz(n,u2)=—;‘£u2—u2u2X_§2nx (21)

Phuong phép sai phan duoc sir dung dé
giai bai toan nay duoc rdt gon va bd sung tir
mo6 hinh FUNWAVE cho phuong trinh
Boussinesq (Wei va Kirby, 1995). Mé hinh
FUNWAVE la m6 hinh mét 16p (7,u) va six
dung ham ngudn (source function) dé tao
song. Trong nghién cttu nay nhom tac gia st
dung mo hinh hai I6p (7,u;,u,) va tao song
st dung phuong phap t6i uvu mién tao séng
(relaxation method).

Cac phuong trinh (16) - (18) duoc roi
rac hdéa trong hé Iusi khong léch
(unstaggered grid system). Hé lugi nay cho
phép xac dinh cac gia tri cao d0 mat nudc
(17) va van tc hat nuée (u,,u,) tai ciing mot
diém luéi.

3.2. Phan tich két qua mé phéng tir
mo hinh sé

Trong phan nay md hinh sé dugc phét
trién d¢ md phong song lan truyén trong cac
truong hop khac nhau: Séng truyén trong hai
l6p rdng co do réng khéac nhau, séng truyén
trén dé ngam c6 mai déc khac nhau, ...

Pé khsi tao con song ban dau, cac
nghién ctu thuong su dung phuong phap
ham ngudn (Larsen va Dancy 1983, Lee va

Suh 1998, Wei va cong su 1999, Vﬁ"va cong
su 2015). Phuong phap nay c6 uu diém la do
chinh xac cao tuy nhién vi¢c can phai tim ra
ham nguon deé tao song kha phirc tap déc biét
la khi phuong trinh co ban cO0 nhi¢u dai
luong. Trong nghién ctru nay tac gia s dung
phuong phap Relaxation Zone d€ tao song.
Phuong phép nay da dugc kiém chang qua
mot s6 nghién cau (Madsen va cong su 2003,
Eskilsson va cong su 2006, Engsig - Karup
va cong su 2006, Jacobsen va cong su 2012).
Phuong phap nay cho do chinh xac cao va
khong can phai tim ham nguon. B¢ tao song,
tai moi budce thoi gjan, cac gia tri cua cao do
mit nudC va van toc hat nudc tai mdi diém
ludi trong mién tao song (Q..) can duoc diéu
chinh timg budc bang viéc sir dung ham tao
song I'(x). Khi d6 1oi giai tir ham tao song
nay dugc xac dinh boi:
u*(xi)=F(xi)u(xi)+[1—1“(xi)]ue(xi)

Trong do T'(x)e[0,1] phai la mot ham
don tri voi X, € Q.. Pai luong dau tién bén
vé phai cua phuong trinh (22) dong vai tro
nhu 16p xop hap thu nang luong séng trong
vung tao séng; dai lugng thir hai chira thong
s6 u,, v6i u, la 16i gidi chinh xac hoic 1oi
giai giai tich, dong vai trd nhu ham ngudn
trong vung tao song va dai lugng nay giup
cho viéc tao song dugc chinh xac.

3.2.1.56ng truyén trong hai lép réng
¢6 do rong khac nhau

Thi nghiém nay duoc tién hanh cho
truong hop song truyen trong moi truong co
hai l6p rong vei do rong khac nhau. Hinh 1
cho thay bién d6 séng tir mé hinh s6 phu hop
véi bién do song tuo loi giai giai tich
(exp(—kx), véi k; 1a phan &o cua s6 song
phuc k =k, +ik, ). Truong hop thir nhét (hinh
1a) song truyén trong ving nudc théng
thuong, khong bi suy giam nang lugng
(4, =A,=1). C6 thé thiy trong mién tinh
todn (x=0+5L) séng hoan toan khéng bi
suy giam nang luong.

Truong hop ther hai (hinh 1b) song
truyén phia trén moi trwong tham voi lop
nude phia trén c¢6 do rong 4 =1 va I6p phia

(22)



54

Journal of Transportation Science and Technology, Vol 34, Nov 2019

dusi 1a moi truong thim c6 do rdng
A, =0,5. Trong truong hop nay cang xa
vung tao song (x=0) bién do song cang
giam, sy mat mat ning luong séng cang lon.

Hinh 1c md ta séng truyén trong hai 16p
rong co do rong khac nhau véi 16p trén co do
rong 4, =0,9 va lép dudi c6 do rong
A, =0,5. So sanh hinh 1b va hinh 1c cho
thdy ning luong séng trong trudng hop thi
hai bi suy giam nhiéu hon trong trudng hop
thir nhat. Diéu nay 1a tuong dbi hién nhién do
& 16p hai @6 rong cua hai truong hop nay nhu
nhau nhung 16p mét cua hinh 1b Ia vung
nudc thong thuong trong khi 16p méot cua
hinh 1c l1a vung nudc cO suy giam nang
luong.
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Hinh 1. S6ng truyen trong hai méi trong tham véi do
réng khdc nhau. Khoanh tron la bién dé séng tir mod
hinh s6, duwong nét lién la bién dj song
tar loi giai gidi tich.

3.2.2.56ng truyén phia trén dé ngam
cd mat cat ngang dang hinh thang

Song bién do nho dugc md phong lan
truyén phia trén dé ngam rong cho hai truong
hop dé c6 mai doc khac nhau. Truong hop
thr nhat mai doc phia trudc va phia sau lan
lugt 1a m,=1:25, m,=1:10; Truong hop
thi hai mai doc phia truéc va phia sau lan
lugt la m,=1:10, m =1:10. Trong ca 2
truong hop, 16p nudce phia trén d¢ h, =0,1m,
chiéu cao cia dé h, =0,3m, bé rong dinh dé
b=4m. bé duoc dat trong ving nudc ndng
v6i kh=0,17. Mdi dang mat cit ngang déu
dugc md phong véi hai truong hop 16p nudc
phia trén c6 do rong khac nhau (4, =10,8).
Trong ca hai truong hop dé ngdm déu co do
rong 4, =0,44.
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Hinh 2. Song truyén phia trén d@é ngam rong. Khoanh
tron la bién d¢ séng tir mo hinh so, durong nét lién la
bién dg song tur loi gidi gidi tich.

Hinh 2a md phong séng truyén phia trén
dé ngdm c6 mai doc phia trudc thoai
(m, =1:25). Truong hop mot khi do rong
I6p phia trén A =1, chiéu cao song khong
d6i tir ving tao séng (x=0m) cho téi khi
gap chan dé (x=6m). Khi song bat dau gap
dé ngam, chiéu cao song ting nhe tir chan dé
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toi dinh dé (x=15m) do dd sau nudc giam.
Phia trén dinh dé (x=16+20m) chiéu cao
séng giam dan chi khong duy tri hodc ting
tiép do anh huéng cua d6 rong dé phia dudi.
Khi song truyén phia sau dé (m_=1:10), d¢
sdu nudc tang dan, chiéu cao song tiép tuc
suy giam. Trong truong hop thu hai khi 16p
nudc phia trén la méi treong €O suy giam
nang luong, chiéu cao séng giam dan tir viing
tao song, dic biét ca khi séng truyén phia
trén ving c6 do sau giam dan (x = 6+15m).

Hinh 2b miéu ta hién tugng soéng tuong
ty nhu trong hinh 2a. Tuy nhién do méi doc
phia truéc dé trong truong hop nay déc hon
(m,=1:10) nén chiéu cao song phia trude dé
dang cao hon. C6 thé nhan thy trong truong
hop nay 10i giai s6 khong hoan toan tring voéi
loi giai giai tich do méi déc déc hon truong
hop trén Hinh 2a, tinh phi tuyén caa séng lén
hon va phan xa caa song trén mai déc Ion
hon.

3. Két luan

Trong nghién ctu nay tac gia da tién
hanh md phong song nudc ndng lan truyén
trong hai 16p rong ciing nhu séng lan truyén
phia trén dé ngam két cau rdng. Mé hinh c6
wu diém 1a c¢6 thé mé phong song trong nhiéu
truong hop khéc nhau ¢ vung nudc noéng nhu
song truyén trong hai 16p rong, song truyen
phia trén 16p rdng hoic phia trén dé ngam két
cau rdng. Cac két qua md phong bang mé
hinh sb cho thay su phu hop vai 1oi giai giai
tich. Mac du mé hinh toan cé xét tai tinh phi
tuyén cua song nhung mo hinh sb trong
nghién ciru nay mai chi gigi han trong viéc
md phong séng tuyén tinh va can duoc cai
thién trong cac nghién cuu tiép theoQ

Lol cam on

Nghién ctu nay nhan duogc su tai tro tir
dé tai nghién cau khoa hoc cép trudong cua
Truong Pai hoc Giao thong van tai Thanh
phd H6 Chi Minh, ma s6 KH1811.
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