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Tém tit

Pé chin séng tuwong ditng két cau rong la mot
trong s6 cdc loai dé rong dwge thir nghiém phat
huy hiéu qua giam séng, bao vé bo bién dong bang
song Ciru Long. Tuy nhién, viéc xdc dinh chiéu
cao ciia dé chan séng dép iing hiéu qua tiéu tin
séng chiwea dwoc chi ra trong cdc nghién civu gan
ddy. Bai bdo nay ding mé hinh sé Flow 3D dé mé
phong twong tdc ciia dé chdn séng twong ding két
cau réng véi séng don cho 36 kich ban. Tir d6 xdc
dinh hiéu qua tiéu tan song don dva vao ddc trung
ciia dé réng va cdc thong sé séng tdi, séng phan
xa va séng truyén qua dé. Phuong phdp phan tich
hé sé tiéu tan song dwoc s dung dé xac dinh chiéu
cao t6i wu ciia dé cho timg truong hop tinh todn
cu thé.

Tu khoa: Mé hinh s6, mé hinh’ Flgw §D, séng
don, dé chan song twong dung két cau rong, hé so
tiéu tan.

Abstract

The vertical porous breakwater is one of several
applied breakwaters which reveal the dissipation
efficiency of breakwater structures at the Mekong
river delta. However, determining the breakwater
height adapting the dissipation efficiency has not
been recently implemented yet. This paper uses
the Flow 3D model to simulate the interactions
between the vertical porous breakwater and the
solitary waves in 36 simulating scenarios.
Furthermore, the dissipation efficiency of the
vertical porous breakwater for solitary waves
depends on the characteristics of the incident,
reflected and transmitted waves. The dissipation
coefficient analysis method is used to investigate
the optimization breakwater height for each
specific case.

Keywords: numerical model, Flow 3D model,

solitary wave, vertical porous breakwater,
dissipation coefficient.

1. Gioi thiéu

Hién nay, tuyén bo bién dong bang song Ciru Long
van dang bi sat 1& nghiém trong do tic dung ctia séng
bién, de doa an ninh luong thyc quéc gia va thé gidi.
bé khic phuc hién tugng xam thyc trén, mot s6 két
céu dang réng méi duge ap dung thir nghiém cho thiy
phat huy tac dung chdng x6i [1], dién hinh c6 thé ké
dén két cau dé tudong dimg dang rdng bang hang rao
tre [2, 3, 4]. Cac nghién cuu [2, 3, 4] chi ra hi€u qua
giam song ma chua dua ra duge cach xac dinh chidu
cao toi wu cua loai dé chin song tuong ding két cau
rong. Vi thé, bai bao nay sir dung mé hinh s6 Flow 3D
dé xac dinh chiéu cao tdi wru ciia dé chin séng tuong
dung két ciu rong dap ung hiéu qua tiéu tan song don.
Mo hinh Flow 3D da dugc chimg minh cho két qua
mo phong chinh xac cho cac dang két cdu cong trinh
thay loi [5, 6] ciing nhu két cdu dé chin séng dang
rong phtic tap [7]. Trong nghién ctru ndy, mo hinh
Flow 3D dugc kiém chuén véi diéu kién bién song
don va dong chay qua két c4u rong dé khang dinh do
tin cdy ctia mo hinh tinh toan. Cac diéu kién bién song
don va cac dic trung cua dé két cau rdng dugc xay
dung trong thi nghiém véat 1y véi 36 kich ban mé6
phong, tir 6 xac dinh chiéu cao t6i wu cia dé dap ing
hi€u qua tiéu tan song don.

2. M6 hinh Flow 3D

Trong nghién ctru nay, md hinh Flow 3D duoc sir
dung dé mo phong tuong tac gitta song don véi dé
chan song tuong dimg két céu rong.

2.1. Hé phwong trinh chii dao dp dung cho két
cdu rong

Hé phuong trinh chu dao duoc ap dung 1a hé
phuong trinh ba chiéu Navier-Stokes, phuong trinh
lién tuc va phuong trinh dong lugng trong két ciu
rong nhu sau:

V-(Au)=0 (1)

ou 1 1
—+—V-(Aun)=——V-p+G+f.—f, (2
oty A =V peGr = f, @)
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Trong do: V =(8/éx,8/dy,0/éz) 1a toan tw vi
phan, u= (u, v,w) tuong tng 13 van toc dong chay
theo cac phuong x, y,z; p lakhoi lugng riéng nudc;
p ladpsuat; G la gia tbc ban than; f, la gia toc
nhét; va f, 12 ton thit dong chay trong két cAu rong.
V61 mo hinh Flow 3D, dudng ludi sé nhan dién kich
thudc hinh hoc két céu rdng bang phwong phap ty 18.
Do do, A laty 1€ dién tich nuédc chiém chd va V.
1a ty 1¢ thé tich nuéc chiém chd trong hé toa 6 Dé céc.

Ky thuat chuyén d6i thé tich chat long VOF
(volume of fluid) dé phan bi¢t cac pha long va khi
duoc the hién qua phuong trinh:

1)
- +iv-(vau)=o 3)
a v,
Trong d6: V,, la ty I¢ thé tich chét long (nudc)

trong ludi tinh todn, V,, =0,0< V <1va V, =1
twong ting thé hién céc pha khi, giao dién va nudc.

Véc to gia toc nhét f, thé hién luc can do tinh

nhét cua chat long trong hé toa do Dé cac ba chiéu
dugc trinh bay chi tiét trong [8]. Thanh phan ton that

dong chay trong két cau réng  f, dugc xéc dinh theo

nguyén ly luc kéo bdo hoa Forchheimer [9] dugc xac
dinh nhu sau:

u
fp = FD Z (4)

Trong d6: A 1a d6 16 rdng, F, la thanh phan
luc kéo bao hoa Forchheimer dugc phan tich tir thanh
phan tuyén tinh va phi tuyén:

2
F, :alﬁﬂﬂJ +0¢ruM (5)
ol 2 1 A

Trong d6: @, va @, twong (ing la hé sb stic can
do chay tang va chay roi.

M@ hinh chay rdi sir dung hé s6 nhot dong luc 4
va hai phuong trinh ton that nang lugng k—& , dugc
thé hién nhu sau [10]:

a—k+i uA,a—k+vA a—k+wA a—k
ot V Y ox "oy * 0z (6)

E

=P, +G,+D, -¢
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a—g+i uA a—g+vA a—g+wA a—g
oV Y ox Y oy f oz %

.
= %(pT +C,,G,)+D, -C,, %

Trong d6 P, lathanh phan ning luong dong hoc
réi; G, la thanh phan luc day noi; D, va D,
tuong wng la céc thanh phan khuéch tan vai céac bién
kvagva C,,C,, ,C,, lacéchésd duoc si dung.
2.2. Diéu kién bién séng don

M® hinh Flow 3D sir dung ly thuyét song don cua
McCowan [11]:

v o)

n=h—

M C0{M(1+Zﬂ+cosh[M x;lct}

Trong d6: 7 1a tung d6 bé mat, h 1a chiéu séu

(®)

nudce tinh. ¢ 12 van toe song dugc xac dinh theo:

c=u+c, 9

c, =+/8(h+H) (10)

Trong d6: 7 Ia van toc dong chay trong song, c,
la van téc séng tai muc nudce tinh, H 14 chiéu cao séng.
Van tdc phan tir song duoc tinh toan theo:

1+ cos Mz cosh Mx_Ct
h h
2
cos Mz +cosh Mx_dL
h h
sin [A;Izj sinh(M x;lctj
N 2
cos Mz + cosh Mx_Ct
h h

Trong d6 dai lugng N va M théa man hai phuong
trinh sau:

u=u+c,N

(11

0

(12)

H_ ﬁtar{lM(1+EH (13)

h M 2 h

N =2 gin’ {M(1+EEH (14)
3 3h

Phuong phép thir dan Newton-Raphson duoc st

dung dé giai cac phuong trinh trén. Gia tri ban dau cua
X X 2

MVAN twong ing la  (3H/h)" va 2H/h.
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Gia tri ban dau cua tung dd mat séng don duoc xac
dinh theo:

n, = Hsech® {1 ’Z IZ (x;lct H (15)

3. Kiém chuan mo hinh so

Do muc ti€u cta bai bao 12 m6 phdng tuong tac
song don vé6i dé chin song tuong ding két cdu rong,
mé hinh sé Flow 3D duoc kiém chuin cho bai toan
lan truyén song don va twong tac dong chay vai két
chu rong.

O bai toan kiém chuén thr nhét, sy lan truyén cua
song don dugc moé phdng véi nhitng bude thoi gian
khac nhau dugc thé hién trén Hinh 1. Theo do, bién
d6 song don khong thay doi, hinh dang séng don doc
theo mién tinh toan (dai dén 60m) van giir duoc do 6n
dinh. Tir 6, m6 hinh Flow 3D mé phong 6n dinh lan
truyén cia séng don.

0.5
0.3
02¢

0.1

nid

x (m)

Hinh 1. Kiém chudn lan truyén én dinh ciia séng don

t=0.00 (s) t'1 .00 (s)
0.35 0.35 —mo hmh s6

0.3 0.3 othi nghiém vat ly
0.250—e—¢ 0.25
E 0.2 E 0.2
NQ.15] N0.15
0.1 0.1
0.05 0.05
0 ' 0

0 02 04 06 08 0 02 04 06 08

x (m) x (m)

Hinh 2. Kieém chuan sw lam viéc ciia két cau rong

Bai toan kiém chuan thir hai mé phong bai toan
dong chay sau v& dap qua két cau rdng [12], c6 chiéu
rong tir x = 0,3m t6i x = 0,59m, nhu trén Hinh 2. O
thoi diém ban dau (t =
0,25m, muc nudc ha luu 1a 0,025m va ¢t nudc chénh
léch cach bé mat két cu rSng 2cm. Kich thudce ludi

0s), myc nudc thuong luu 1a

tinh toan cua mo hinh sd duoc lya chon la dx = dy =
lem, dz =0,5cm. Hé s lyc can chay ting 1a 10000 va
hé sb luc can chay rdi 1a 80. Sau khi v& dép, nudc s&

chay tir thuong luu xudng ha luu, mot phan chay
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truyén qua két cau rSng, mot ph?m phan xa lai thugng
Iwu. Tai thoi diém t = 1s, két qua tir mo hinh ba chiéu
duoc xem 1a kha pht hop véi két qua tir thi nghiém
vat ly. Piéu nay cho thay mo hinh Flow 3D mé phong
tbt bai toan dong chay qua két ciu rong.

Tir hai bai toan kiém chuan trén, c6 thé ap dung
moé hinh Flow 3D dé mé phong bai toan song don
tuong tac véi dé tuong dung két cau rong.

4. Két qua md phéng va cich xac dinh chiéu
cao toi wu dé rong
4.1. Thiét lip mé hinh

Mo hinh s6 mé phong tuong tac song don véi dé

tuong dimg rong duoc thiét 1ap theo Hinh 3.

diém diém
do 1 do2
; dé dimg 0

rong
‘r \(mc-.v. lru‘. én { ‘

bién
vio

hu.n

Hinh 3. Thiét lp mé hinh mé phéng twong tic song
don véi dé chin song twong dirng két ciu r5ng

Theo Hinh 3, soéng don ti (chiéu cao H) duoc lan
truyén tir bién vao gip mat dé tudong ding rdng phan
xa lai mot phan va truyén qua dé mot phan. Bang cach
dat cac diém do thich hop ¢ mat trudc va mat sau de,
chiéu cao song phan xa (Hr) va chiéu cao song truyén
(Ht) qua dé s€ dugc xac dinh. Tur d6, xac dinh dugc
cac hé sb phan xa k. (=Hr/H) va hé sb truyén k
(=Ht/H). H¢ s6 tiéu tan song kg dugc xac dinh theo
cong thirc:

k,=\1-k -k (16)

Bing 1. Cic théng sé dwoc siv dung dé mé phéng

B (cm) 20
A 0,45 0,55
Rc (cm) -10 -5 0 5 10 15
h (cm) 35 40 45 50 55
H (cm) 6 9 12
d (cm) 5

Trong thi nghiém sb nay, véi muc dich tim ra dic
trung tuong tac song don voi dé tuong dimg két ciu
réng, 36 kich ban duoc thiét 1ap dya trén céc thong $6
nhu trong Bang 1. Hé s6 luc can chay tang va chay roi
lay nhu két qua trong phan kiém chuin mé hinh. Dé
rdng c6 bé rong 20cm va duong kinh vién da Scm.
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Muc nudce tinh thay ddi dan téi sy thay ddi ctia chidu
sau nudc & (5 gia tri) va chiéu cao luu khong Re (6 gia
tri). C6 2 truong hop Re < 0 (dé ngdm) va 4 truong
hop Re > 0 (dé ndi) tao thanh 6 trudng hop khac nhau
ctia chidu cao luu khong. 6 truong hop trén duge kiém
tra v6i 3 chiéu cao song toi va 2 gia tri do rong dai
dién [2, 4] tao nén téng cong 36 kich ban.

4.2. Két qua mé phéng twong tic song don véi
dé chiin song twong dirng rong

Do khuon khé ndi dung bai bao c6 gidi han, tac
gia lwa chon thé hién két qua mo phong dai dién cho
truong hop chiéu cao séng t6i 1a 9cm va do rong 1a
0,45. Gié tri cac hé sb phan xa, truyén va tiéu tan dugc
mo phong cho 6 gia tri ciia chiéu cao luu khong twong
ddi Re/H duge thé hién trén Hinh 4.

0.8 _

Hinh 4. Hé sé phén xa, hé s6 truyén va hé sé tiéu tin
song don cho truong hop H=9cm; A= 0,45.

Trén Hinh 4, voi truong hop dé ngam (Rc/H<0),
strc can song cuia dé nho, thanh phan song truyén qua
dé 16n hon thanh phan song phan xa (kt > kr). Nguoc
lai, v6i truong hop dé nhd (Re/H >0), strc can song
ctia dé 16n, thanh phan song phan xa 16n hon thanh
phan séng truyén qua dé (kr > kt). Didu nay hoan toan
phu hop véi ban chat vat Iy tu nhién. Dic trung ning
luong tiéu tan song ciing ting dan tir truong hop dé
ngim ti truong hop dé nho. Piéu dic biét, khi chidu
cao luu khong tuong dbi Re/H 16n (Re/H>1), hé s6
tidu tan co6 khuynh hudng giam. Diéu nay cho thiy
chiéu cao dé dap mg hiéu qua tiéu tan song s& dat toi
mot gia tri t61 da nao do, va vuot qua gia tri t6i da do,
hiéu qua tiéu tan song sé€ bi giam.

4.3. Phwong phdp phan tich hé sé tiéu tin séng
xdc dinh chiéu cao toi wu dé chin séng twong
dirng rong

Trong phan nay, tac gia di siu vao phén tich xac
dinh gi4 tri toi da dap Gmg hiéu qua tiéu tan song, tir
do xac dinh duoc chiéu cao luu khong tdi wu Re cho
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truong hop phan tich ¢ phan 4.2. Hinh 5 thé hién két
qué xéc dinh gia tri tdi da ctia h¢ s tiéu tan séng kd,
tir d6 xac dinh chidu cao luu khong Re theo ty s6 Re/H.

0. ; . ¥
0.74F : 1
kd

*oe
Fix)

Hinh 5. Xdc dinh chiéu cao dé cho trwong hop H =9cm;
A=045.

Trén Hinh 5, ham F(x) 1a duong cong tron dugc
xéc dinh tir 6 diém c6 toa d6 (Re/H, kd) va dung dé
ndi suy gia tri cyuc tri cua kd. Tu do, diém cuc tri duoc
xac dinh 1a (Rc/H, kd) = (1, 0.542). Nhu vay, gia tri
chiéu cao luu khong tdi wu dwoc xac dinh Re = 1H.
Tuong ty, tac gia tinh toan vai treong hop dé c6 do
rong A = 0,55 s& duoc gia tri twong tmg ciia Rc. Mg
rong ra tinh toan tuong tu cho trudng hop chidu cao
song téi 6cm va 12 cm, sé& thu duoc tong cong 6 gia
tri cia Re twong tmg nhu két qua thé hién ¢ Bang 2.

Bdng 2. Két qud xdc dinh chiéu cao toi wu ciia dé

H 6cm 9cm 12cm
A 0,45 | 0,55 | 0,45 | 0,55 | 0,45 | 0,55
ReH | 0,7 0,8 1 1 1 1,3

Theo két qua tir Bang 2, ngudi st dung co thé lya
chon chiéu cao t6i wu cua dé chin song tuong ding
két ciu rong tuy theo timg truong hop cu thé cia dic
trung song don tGi va cau tao dé rdng. Co thé thiy
téng quat, chiéu cao tinh khong dé rdng bang chiéu
cao song t6i thi hiéu qua tiéu tan song 13 16n nhét.

5. Két luan

Trong bai bao nay, tac gia da trinh bay cach xac
dinh chiéu cao ti uu dé chin song twdng dimg két cau
rong dap tmg hiéu qua tiéu tan séng don. Tac gia lua
chon mé hinh Flow 3D dé mé phong sb twong tac giita
song don va dé chén séng tudong ding két ciu rdng.
Mo hinh Flow 3D st dung h¢ phuong trinh Navier-
Stokes dugc xem 1a phit hop khi mé phong dong thoi
lan truyén ciia song don va két cau dé rong qua cac thi
nghiém kiém chuin. M6 hinh s dwoc thiét 1ap dé mo
phong 36 kich ban khac nhau cua cic thong sé song
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don va dé rong. Két qua md phong thé hién duogc cac
dic trung phan xa, truyén va tiéu tan séng cua dé rong
dbi v6i song don. Tac gia da chi ra phuong phép va
xéc dinh cu thé 6 gia tri ti wu cia chidu cao dé dap
g hiéu qua tiéu tan séng don. Két qua cua bai béo
¢6 thé ap dung cho mé hinh thyc nghiém cua dé chan
song tuong ding két cu rdng véi nhidu didu kién bién
khac nhau trong thuc té.
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