UNG DUNG PHUONG PHAP HAM THE GIAI BAI TOAN
TRUYEN SONG PEU QUA bE CHAN SONG DANG TUONG REM
THEO PHUONG PHAP SO PHAN TU BIEN

Nguyén Quéc Hoa'

Tém tit: Cong trinh chdn séng dang twong rém cé két cau la mot twong chdn song thang dimng
duoc do bc%ng hé thong coc, giita mép dwdi ciia twong chdn séng va day bién cé khoang hé cho
phép dong chat long chay qua, dwoc sir dung dé lam thay doi cdc thong so song bé mat ¢ cdc ving
ven bién. Bdi bdo ndy trinh bay Iy thuyet va thudt todn tinh todn sw bién doi séng khi lan truyen gap
cong trinh chan séng dang rém phang, mong, khéng cé 16 khoét bang phwong phap phan tir bién.
Két qua nghién civu da tao ra dwoc chicong trinh tinh todn theo phwong phdp so 5 phan tir bién bang
ngén ngiv Fortran 90 dé khdo sat s truyén song déu qua dé chan séng dang twong rém. Cdc tinh
toan so sanh bang chirong trinh nay cho thay, khi chiéu sdu ngdp mieée cua twong chan séng giam
thi sw truyén séng qua chdn twong ting lén, va ¢ viing nude nong sw truyén song qua twong chdn

song dang rem lon hon so voi ving nuoc sau.

Tir khoa: tuong chan song dang rém, hé sb truyén song, phuwong phap phan tir bién,

1. PAT VAN DE

Song lan truyén trén bé mit nudc dic trung
boi 4 thong s6 chinh 1a chiéu cao song, hudng
song, chu ky song va pha song. Song lan truyén
tor ngoai khoi vao b gdy nén hi¢n tugng nudc
dang, dong chay, Van chuyén bun cat,... Bé lam
thay doi cac thong sO song néu trén nguoi ta xay
dung cac cong trinh chan song dang trong luc
(dé, ké), dang két cAu ndi c6 neo giit, dang
tuong rem [5].

Cong trinh chin séng dang tuong rém co két
ciu 1a mot tudng chin song thang ding dugc d&
bang hé thong coc, gitta mép dudi cia tuong
chan va day bién c6 khe ho cho phép dong chat
long chay qua (hinh 1). Chtic nang chinh cua
cong trinh la phan xa song ti va giam chiéu cao
clia song truyén qua tuong chin boi mot phan
nang lugng song bi tiéu hao do sy phan cach
dong chay & mép dudi g:ﬁa tuong.
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Hinh 1. Cong trinh chan song dang tuong rem,
d - do sau nuoc
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" Khoa Xay dung Céng trinh Bién va Dau Khi - Truong
Dai hoc Xdy dung

Cong niang cua tuong chin soéng dang rém
phu thudc nhiéu vao ty sb6 h/L, véi h - chiéu sdu
ngap nudc cia tudng (Hinh 1), L - chidu dai
song toi. Do vay viéc lwa chon chiéu sau ngip
nude cua tuong dé lam thay doi thong sé song
phia sau tuong chin 1a quan trong trong tinh
toan thiét ké tuong chin dang rém.

Céc nghién ctru vé tudng chan song dang rém
duogc thyc hién tir nhitng nam 60 cia thé ky 20,
[5]. Vé mat ly thuyét, Haskind (1959) va Ursell
(1974) da dua ra nghiém giai tich cua sy truyén
song qua tudng chin séong mong dang rém &
vung nude sau. Do ¢6 nhitng kho khan trong viée
phat trién bai toan dbi véi sy truyén séng qua
tudng rem trong vung nudc trung gian va nudc
nong, Wiegel (1960) da dé xuat 10i giai ban thuc
nghiém theo 1y thuyét thong lugng. Nam 1964,
Morihira va déng nghiép da thuc hién mdt séri
thit nghiém md hinh vat ly nhim lam 1o su
truyén song va luc song cta tuong chin song
dang rém, va mot phﬁn dua trén cong thurc cua
Sainfflou di d¢ xuat phuong phap danh gia luc
song tac dong 1én tuong chin séng. Con Liu,
Nakamura va dong nghiép (1982, 1983, 1984) da
xdy dung va phat trién cac mo hinh sd giai bai
toan bién tuong tac gilra song va tuong rem. Mai
day nhét, O. Nejadkazem, A. R. M. Gharabaghi
(2012), [9], da xay dung md hinh s6 cho tuong
rém bang phuong phap ham riéng mo rong.

O Viét Nam viéc nghién ciru vé tuong chin
song dang rém chua c6 nhidu. Myc tiéu nghién
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ctru dit ra 1a ing dung phuong phap ham thé
gidi bai toan truyén song déu qua dé chin song
dang tuong rém theo phuong phap sb phan tir
bién va xdy dung chuong trinh tinh toan bang
ngdn ngit Fortran 90 dé thuc hién cac vi du tinh
toan khdo sat.

Két qua nghién ciru dugc trinh bay théng qua
bai toan khao sat anh huong cta chiéu sau ngap
nuée h cia tuong chin séng dang rém phang,
mong, khong c6 16 khoét d6i voi sy truyén song
ra phia sau tuong bang chwong trinh da lap. Cac
két qua sd chimg to sy hop 1y cia qui luat
truyén song déu qua tudng chin song co khe ho
phia dudi.

2. LY THUYET TiNH TOAN

2.1. Bai toan xdc dinh ham thé vén toc
song

Tudng chin séng dang tuong rém (goi tat 1a
tuong chan song) duoc mo hinh hoa 13 mot tim
phang thiang dung khong coc dd, voi gia thiét
chiéu dai cong trinh doc theo bd bién 14 v6 han
(Hinh 2). Véi gia thiét ndy, xét bai toan song lan
truyén vudng goc tGi tuong chan song theo mod
hinh 2D trong mit phing thang dung. Gia thiét
rang song lan truyén toi twdng chin séng la
song déu va trong qua trinh lan truyén hudng
song khong thay dbi va song khong bi va.
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Hinh 2. M6 hinh tinh todn

Bai toan tuong tac gitta song bién va tuong
chin song dugc xem xét trong mién chét long Q
dugc bao quanh boi bién khép kin I' dugc chia
gom thanh 4 ving bién (hinh 2), cu thé nhu sau:

- Bién 1: bién mit uét ciia tudng chan séng
tiép xtc voi chét long;

- Bién 2: bién mat thoang (mat ty do cia chét
long);

- Bién 3: bién blc xa nim cach xa tudng
chan song tai vi tri ma tuong khong con anh
hudng dén sy lan truyén cia song bé mat;

- Bién 4: bién day bién.

Gia thiét chat long 1a 1y twong, khong nhét,
khong nén dugc va chuyén dong cia chat 1ong
1a chuyén dong c6 thé. Do d6, chuyén dong cia
chat 1ong xung quanh tuong chin séng dugc dic
trung boi ham thé van tdc song D(x,z,¢), trong
d6 & phia trude tuong d6i dién voi song tGi ton
tai thé ciia song tGi va song phan xa, con phia
sau tuong 1a thé song truyén.

Ham thé van toc ®(x,z,t)duge tim dudi
dang sau:

D(x,z,t) = P(x,z).e (D)
trong d6: @ - van téc goc cua song toi;
#(x,z)- bién d6 ham thé, dang phirc; i = \/——1 .

Ham thé ®(x,zt) thoa man phuong trinh

Laplace [3, 4,5]:
AD(x,z,t)=0

voi VM (x,z) e Q, Vt )

Phuong trinh Laplace (1) dugc giai voi cac
diéu kién bién sau:

+ Trén mat thoang (z =0):

- Piéu kién dong hoc:

on(x,t) _ 0P(x,z,1)

3.
ot &z G.2)
- Piéu kién dong luc hoc:
1 |0D(x.z.t
n(x,1) = —(—]¥ (3.6)
g ot

Két hop (3.a) va (3.b) nhan duoc diéu kién

trén mat thoang nhu sau:
2

oD oD
?(ng,t)-i_ga(x,Z,t):O (4)

+ Piéu kién trén mit uét S cua tuong chin
(diéu kién khong thim nudc):
0P (x,z,1) _ 0D, (x,z,1) )
on on
+ Piéu kién khong tham nudc ¢ day bién
(z=-d):
oD(x,z,t)
on
trong d6: Q - mién chéat long bao quanh

0 (6)
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cong trinh; M (x,z) - diém ndm trong mién Q ;
n - véc to don vi phap tuyén ngoai ctia bién tinh
toan T'; @,(x,z,¢)- ham thé van toc song t6i.
n(x,t)- phuong trinh séng bé mit lan truyén theo
chiéu dacmg truc x.

+ Diéu kién tai xa vo cung :

lim~/r (%‘D - ik@j =0 (7)
r—>0 v

voi = x° +22;i-la56ph1’rc: i:\/TI
Vay, dé xac dinh ham thé song tong cong
®(x,z,t)can giai phuong trinh Laplace (2) véi
cac diéu kién bién (4)+(7).
Gia sit cho trudce song tdi co:
- Ham thé van tdc séng:
igH chlk(z+d)]
20 chkd
- Profin mit cit song:

@, (x,2,0)=— expli(kx — wt)] (8)

n(x,z,z)%exp[i(ioc—wr)] ©)

22 Xac dinh h¢ s6 phan xa va hé¢ sb
truyén song ,

Sau khi xac dinh dugc ham thé ®d(x,z,t) cod
thé x4c dinh duoc hé sé phan xa song K, vah¢
s truyén song K, nhu sau.

Patky hiéu @, (x,z,7) 1a ham thé song phin
xa & phia trude tuong, va @,(x,z,7)- ham thé
song truyén 76 phia sau tuong. Tuong tu biéu
thic (1) biéu dién ham thé @ (x,z,7) va
®,(x,z,t) dudi dang sau.

D, (x,z,t) =¢.(x,z2).exp(—1wt) (10)

D,(x,z,t) =¢,(x,z).exp(—1wt) (11)

trong do @,(x,z) va ¢,(x,z) tuong Ung la
bién d9 phtc cia ham thé @ (x,z,¢) va
®,(x,z,t) nhan dugc tir 101 giai phuong trinh
Laplace gZ) v6i cac diéu kién bién (4)’+(7) néu trén.

H¢ so phan xa song K, va hé so truyen song
K, duoc x4c dinh theo cdc cong thirc sau,
(trang 104}, [5D).

- H¢ s0 phan xa song:
_1£.(x,2=0)

¢,(x,z =0) (12

r

X—>—00

- Hé s6 truyén song:
_ ¢ (x,z=0)
¢1 (va = 0)

trong do | | - 1a ky hiéu mo6 dun ciia s6 phtic, [8].

(13)

t

X—>+0

2.3. Ung dung phwong phap phan tir bién
gidi phwong trinh Laplace

Pé x4c dinh ham thé @(x, z) trong biéu thirc
(1) ta dua bai toan xét trong mién chét 1ong g10'1
han boi 4 bién néu trén vé bai toan xét truc tiép
trén bién I'. Phuong phép tinh dugc st dung la
phuong phap phan tir bién truc tiép, [2], c6
phuong trinh tich phan bién dang sau:

1 op (08
2¢"+l¢andr_lan¢dr (14)

trong d6 T - bién ciia mién chat long Q bao

£

quanh tuong chin song. ¢ va a—- tuong ng
n

1a ham thé co s¢ va dao ham cta ham thé co s&
theo phuong phap tuyén n d6i véi bién T,
Trong nghién ctru nay st dung ham thé co s
sau, [2, 6]:
1

¢ =—InR (15)
2
voi RP=x"+2".
Chia bién T (hinh 2) thanh N phan tir bién,
viét phuong trinh (14) dudi dang rc‘ri rac sau:

—¢ ZI(;S —-dr = Zj f¢dr(16)

Gia st ham thé ¢ va dao ham ctia ham thé

0 o : : x. > .

8_¢ c6 gia tri 1a hang so trén moi phan tr bién,
n

phuong trinh (16) dugc viét dudi dang sau:

0p.
A2, 4,256, 2

trong do: Q., @, - tuong Umg la ham thé cua

a7

phan tir bién thir i va j;

H, = j a¢ dr’ (18-a)

va Gl.j:jqﬁdl“

J

(18-b)
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Péi véi mdi nit bién ta co:

A

H, khi i # ]

Hy=3 . 1 19
H. +— khii=j
)

St dung cac biéu thic (17) va (18) viét
phuong trinh (16) dudi dang sau:

N N op.
ZHU ¢, :ZGij a_nj
Jj=1 Jj=1

Hé cac phuong trinh phan tir bién (19) duoc
viét du6i dang ma tran nhu sau:
H.®=G.Q (21
Biéu dién ham thé ¢ va dao ham ctia ham

(20)

thé ? dudi dang phuc nhu sau:

n
d=V +iW (22)

v %@ _Riis (23)
on

Str dung cac cong thuc (22) va (23), cac diéu
kién bién theo cac cong thirc (4)+(7), cu thé hoa
cho cac bién trén hinh 2 nhu sau:

+ Trén bién (1): R, =Re (—%

1
on

v S, = Im(—%) (24)
n

+Trénbien (2): R, =0 va §,=0 (25)
+ Trén bién (3):
R, =—kW, va S, =—kV, (26)
+ Trén bién (4):
2 2
R,="-V, vi 5, =W, (28)
g g

trong d6 cac chi s6 1+4 trong cac cong thic
1a s6 thr tu cua bién tinh toan dwgc biéu dién
trén hinh 2.

Tir cac biéu thirc trén nhén thay rang, phuong
trinh Laplace (2) dugc giai v6i cac didu kién
bién hén hop. Gidi hé phuwong trinh (21) dang
phic s& xac dinh dwgc ham thé ®(x,z,¢) va

cac dai luong can thiét.
St dung phép bién doi hé phuong trinh dang
phirc vé hé phuong trinh dang s6 thuc ([7], trang

41+42) ta nhan duogc

hé phuong trinh dai s6

dang sé thuc (29):

w0 gy fa 0Tl |6 10 (&

HZ ‘0 V2 GZ ‘0 —kJ/V3 G2 ‘O 0 29
Hy |0 v, | |G [0 e G, |0 0 (29)
a0 || felo | (o | o
——— X{===| === [X{—= =|———= [X{——

0 |7 | W 0 |G| [0 0 G | |S

0 |z, | ["2| |0 G| [° 0 |G| |0

o | "l o | 5| o e |

o |m| " o 6] |[Zw| o 6] ©

g

3. ViDU TiNH TOAN ‘

Vi du 1: Xét song co chiéu cao H=1m, chiéu
dai song L=12,56m tuong Ung vdi sO song
k=27/L=0,5 lan truyén & do sdu nudc
dy=3,14m va d,=7,5m tuong Ung voéi
d,/L=0,25 va d,/L=0,6.So db chia ludi
phan tir bién cho trén hinh 3.

ZA

22 2120 19 18 17 16 9 8 7 6 5 4 3
T
15 10
23 2
14 "
24 13 12 1

25 26

(=]

27 28 29 30 3132 33 34 3B 36 37 38

Hinh 3. So dé chia lwdi phan tir bién

Khoang cach tir bién 3 dén tuong chin song
duoc chon la 12m, khong vuot qua chiéu dai
song dé xét trong ving c6 song phan xa va cd
song truyén qua tuong tir khe ho gitra mép dudi
tuong va day bién.

Chiéu sdu ngdp nudc cua tuong chin song
tinh tir mat nude duoc lay cac gia tri cho trong
bang 1.

Bang 1. Céc thong s tinh toan trudng hop ving nuwéce trung gian (d;/L=0,25)

h (m) 0.63 0.94 1.26 1.57 1.88 2.51
h/L 0.05 0.075 0.1 0.125 0.15 0.2
h/d, 0.2 0.3 0.4 0.5 0.6 0.8
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Bang 2. Céc thong sb tinh toan truwdong hep viing nwéc siu (d,/L=0,597)

h (m) 1.51 2.26 3.00 3.77 4.52 6.00
h/L 0.12 0.18 0.24 0.3 0.36 0.48
h/d, 0.2 0.3 0.4 0.5 0.6 0.8

Céc tinh toan duoc thyc hién theo phuong
phap phan tir bién trinh bay & trén bang phan
mém viét trén ngoén ngir FORTRAN 90.

Heé sb truyén séng qua tuong chin song duoc
xét cho diém nam cach xa tudng dé khong chiu
anh huong cta song nhiéu do tuong. Diém xét
dugce chon nidm cach tudng chin séong 7 m vé
phia sau tuong, twong tng véi diém giita cua
phan tir bién s6 5 (Hinh 3). Trén hinh 4 trinh
bay hé sb truyén song cho 2 truong hop nudc
nong (d;=3,14m) va nudc sau (d,=7,5m).

He so truyen song qua tuong chan seng dang rem
T T T T T T

—t—dlil<05%
—D—d2=05

09kY
08l
07k
T
0sf y
04t A

03r

He so truyen song, Kt

02k T—

01k e

0

. L L L L . L L
0 01 02 03 04 05 06 O0F 08 049
Chieu sau ngap nuoc tuong doi hid

Hinh 4. Hé s6 truyén séng qua twong chan song
dang rem (vidu 1)

Vi du 2: xét song ¢6 chidu cao H=1m, chu ky
T=6,0s lan truyén ¢ 2 ving nudc c6 do sau
d,=3,14m va d,=7,5m; chiéu dai song L=31,5m
xac dinh theo [1]; d0 sdu nudc tuong doi
di/L=0,099 va d,/L.=0,238. Véi cac thong sb
song da chon, ca 2 vung nudc thude vung nude
trung gian; d§ sau ngdp nudc cua tuong rém
(h/d; va h/dy) 14y nhu vi du 1. Trén hinh 5 trinh
bay hé sd truyén song cho 2 ving nudc
d;=3,14m va d,=7,5m.

Két qua cho thay, khi chidu siu ngap nudc
cia tuong chin song giam thi sy truyén song
qua chan tuong ting Ién, va & vung nudc nong
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su truyén song qua tuong chan séng dang rém
16n hon so véi ving nude sau. Qui ludt truyén
song trong vi du twong ddng voi cac nghién ciru
cua [5].

He so truyen song qua tuong chan song dang rem
T T T T T T

—+—d1/L=0.093
—I>— d2L=0.236

[ETA
08
0fE 5

06 e

o0&k .
04t
03t A
n.2r 5

01r ANy

0

He so truyen song, Kt

. . . L L . . . .
a 01 02 03 04 05 06 07 08 09
Chieu sau ngap nuoc tuong doi hid

Hinh 4. Hé s6 truyén séng qua tieong chdn song
dang rem (vidu 2)

4. KET LUAN

1. Bai bao d& cap dén mot giai phap cong
trinh ngan song 13 tudng chin song dang rém.
Loai cong trinh nay c6 uu viét so véi dé trong
luc vi két ciu nhe, dung cdt do, co thé su dung
loai cong trinh nay cho nhiing khu vuc nudi
trong thiy san ven bién.

2. Céc tinh toan khao sat anh hudng chiéu
siu ngap nudc cua tudong chin song dang rém
dugc thyc hién bang phuong phap sd phan tir
bién bang chuong trinh tinh toan dugc viét bang
ngdn ngit Fortran 90.

3. Bang cach thay d6i khoang hé duéi chan
tuong s& cho phép lya chon murc do truyén song
qua tuong chin song, ciing nhu qui mé két cau
clia tuong chan.

4. Nghién ciru nay chi méi dé cap dén viéc
xét kha nang truyén séng qua tuong rém theo
mo hinh bai toan tuyén tinh, chua xét dén hién
tugng song v, song phi tuyén nudc nong.
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Abstract:
APPLICATION OF THE POTENTIAL METHOD FOR SOLVING PROBLEM
OF THE WAVE TRANSFORMATION THROUGH CURTAIN WALL-TYPE
BREAKWATER WITH THE BOUNDARY ELEMENT METHOD

Curtain wall-type breakwater composed of a vertical wall supported by piles. Between the bottom
edge of the wall and seabed have openings to allow fluid to flow through, which is used to control
surface waves in coastal areas.

The report presents a theoretical and computational algorithm of transformation of waves
encountering flat and thin curtain wall-type breakwater without holes by the boundary element
method.

A calculation program to study regular wave transformation through the curtain wall-types
breakwater by the boundary element method based on the programming language Fortran 90 is
the result of this study.

The calculations compare with this program shows that, when submerged depth of curtaim walls
decreases, the wave transformation through the wall rises, and in shallow water the wave
transformation through curtain walls is larger than in deep water.

Keywords: curtain wall-types breakwater, wave transmission coefficient, boundary element method.
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