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TOM TAT: Bai bdo nay tmg dung va phat trién mét mé hinh todn sé duwa trén hé phmmg trinh
Navier-Stokes hai chiéu theo phwong ditng nham mé phong su bién doi ciia cdc tham sé séng lan truyen
trong ving phia truoc tuwong dimg theo thoi glan va khong gian. Mo hinh sir dung cac ham bién doi
nham bién doi cdc phmmg trinh chii dao va cdc diéu kién bién tir mién vit 1y sang mten tinh todn thong
qua mét lwGi sai phdn c6 khodng cach khéng déu giita cac diém mit. Ngodi cdc tham so song co ban, ap
lwc dong hoc tac dung lén tuong ding duoc tinh toan thong qua mo hinh. Két qua s6 ciia mé hinh duwgc
kiém chimg bang cdch so sanh véi cdc s6 liéu thi nghiém ciing nhu véi cac mé hinh Iy thuyét va thuec
nghiém khdc. Cdc so sanh cho thdy 10i gidi s6 ciia mé hinh ¢6 thé mé phong kha hop Iy cac qud trinh
song ¢ vung phia trudc ciing nhw ap luc song tac dung lén twong dimg.

Tir khéa: Ap lwc song, twong ding, hé phiong trinh Navier-Stokes, hé luGi sai phdn khéng déu,

song dirng.
1. GIOI THIEU

Song song voi su phat trién xay dung dé
chin song tuong dimg, cac cong thirc tinh toan
ap luc song 1én tuong ding ciing khong ngung
dugc nghién ctru va cai tién. Bang cach xem ap
luc séng tuong tu nhu mot tia nude dap vao
tuong ding, Hiroi (1919) dua ra cong thirc tinh
ap luc song phan bd déu trén sudt chidu cao cua
tuong dimg va 1én dén do cao gip 1.25 lan
chidu cao song phia trén myc nudc tinh. Cong
thirc Hiroi phan anh kha tbt 4p lyc trung binh
trén mién bi anh huéng béi 4p luc song. Tuy
nhién, ap luc song v& tinh theo cong thirc Hiroi
khong phan anh chinh x4c cuong do ap luc cuc
bd quan tric trong phong thi nghiém hay trong
thye té.

Déi v6i song co bién do hitu han, Sainflou
(1928) dya trén ly thuyét song trochoidal dé
thiét 1ap cong thirc tinh ap luc soéng va nhanh
chong dugc ap dung rong rai. Phuong phap nay
sir dung cac phuong trinh thuy dong lyc hoc
tong quat ciia chat long 1y tuong dbi voi song
dung & do sau han ché. Tuy nhién, két qua
nghién ciru thuc nghiém cho thiy ré‘mg gia tri
ctia tong ap luc song dugc tinh theo cong thirc
Sainflou thudng 16n hon rit nhiéu so véi thuc
té trong truong hop song déc va nhé hon rét
nhiéu trong treong hop séng thoai.

Minikin (1950) dé nghi cong thirc tinh toan
ap luc song v& duya trén cac két qua thi nghiém
cua Bagnold (Bagnold, 1939) va xét dén ap luc
song giat 16n giy ra boi song vo gﬁn mat

thoang. Mic du vay, cong thitrc nay it duoc ap
dung trong thyc tién thiét ké cong trinh vi co
nhiéu gia tri duy doan qua 16n so véi thyc té. Ito
(1966) da dua vao cac mo hinh thuy luc thuc
nghiém dé dua ra mot cong thic tinh toan ap
luc song cho ca song v& va song khong vo, co
xét dén vai trod ciia chan dé bang cao su. Tiép
theo d6, Tanimoto (1976) da hiéu chinh cong
thirc nay dé tinh 4p lyc song c6 ké dén tac dong
clia song xién goc vai bo.

Duya trén cac md hinh thi nghiém va st
dung cac phuong phap kinh nghiém, Goda
(2000) dua ra cac cong thirc tinh ap luc song
ding trong thiét ké dé chin séng tuwong ding
dya trén hang loat nhitng thi nghiém vé moé
hinh thity lyc, trong d6 gia thiét ap luc phan bd
doc theo tudong ding c6 dang hinh thang. Cong
thirc nay dugc ap dung ddi voi ca song v 1an
khong v& va str dung chiéu cao séng 16n nhét
trong nhom séng dé tinh toan.

Nhimng niam gan ddy, nhiéu tac gia ciing da
ap dung nhidu phuwong phap méi dé nghién ctru
vé ap luc song 1én tudong ding. Goda dd mo
rong tinh todn md hinh véi séng bac nam va
cho dén nay, mé hinh nay vin 1a mé hinh sir
dung x4p xi co bac cao nhit dé tinh song dimg
trong ving nudc co chiéu sau hiru han. Mic du
véy, van chi c6 mot sb it cac nghién ciru thanh
cong vé vin dé nay ma khong st dung gia thiét
chuyén dong khong xody. Cach giai truc tiép
c4c phuong trinh bao toan khdi lwong va bao
toan dong luong trong h¢ phuong trinh Navier-
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Stokes dang dan dugc chii trong hon trong viée
tinh todn song dung.

Trong pham vi bai bao nay, mé hinh chi
tap trung mo phong truong hop song khong v&
trude tuong ding.

2. MO HINH SO HAI CHIEU

2.1. Cac phwong trinh chi dao

Hé phuong trinh Navier-Stokes 1a hé
phuong trinh cht dao cua co hoc luu chét dua
trén cac dinh ludt vé bao toan. Dbi véi dong
chay rdi ctia chat long trong mat phing thing
ding xz, phuong trinh Navier-Stokes dwoc
viét nhu sau:

a_l/l + 6_w =0
ox 0Oz

o) Awy_ 1P [Fu Fu
A

ow, ) o) __ _1611{6% 62w]

= 7+7
a & & ° pa lad &
%-i-—J-udZ—
ot Ox

V6i u, w 1a cac thanh phan vén tdc theo
phuong x va z; P la ap lyc; ¢ 14 cao trinh
mat thoang; z, la cao trinh day bién; va v 1a
hé s nhét déng hoc. )

Hinh l‘thé hién dinh nghia cic tham so
song hai chiéu.

:
Huréng truyén séng

B
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I

Muemde thh

%
Hinh 1. So d6 dinh nghia cac tham s6 séng hai chidu
2.2. Cic diéu kién bién
D1eu kién bién ddi voi cac thong ) song

trong mién vat Iy trong mdt phang hai chiéu
xz dugc xac dinh nhu sau:

o Bién mdt thodng (z =4 )

Mat thoang 1a bién di dong trong md hinh.
Vi tri clia bién dugc xac dinh tng v6i mdi budc
thoi gian cu thé.

Dléu kién khong c6 Gng suét cit ddi voi
van toc theo phuong ngang u va diéu kién
bién dong hoc déi voi van toc theo phuong
ding w dugc gia dinh tai mat thoang.

6u

=0
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Diéu kién bién cho ap luc: P =0 @)
o Bién day bién (z=z,) (1)
biéu kién khong truot duge ap dung cho
u=0
w=0

Két hop phuong trinh lién(%elc (1), diéu
ki¢én khong trugt va phuong trinh bao toan
dong luong theo phuong thing dung (3), ta
duoc diéu kién bién Neumann cho ap luc:

L .
Oz p=E oz*

o Bién phia bién
~ Tuy thudc vao tham s6 Ursell tai bién phia
bién, cac dicu ki¢n bién déi v6i cic tham sb
song c6 thé duge tinh theo 1y thuyét song
Cnoidal hay ly thuyét song Stokes.

HI2 { > 25: soéng Cnoidal
A < 25: Song Stokes

Vé6i H 1a chidu cao song téi; L 1a chiéu
dai song téi; va h 1a d6 sau.

o Bién phia bo

Bién phia by 1a dé chin séng co tiét dién
thing dung khong tham dugc. Do do, song toi
s& phan xa toan phan doc theo twdng dung tai
bién.

Véi van tbe theo phuong ngang u = 0 tai
bién phia by, diéu kién bién dong hoc dbi voi
W tai mét thoang la:

o, o
T M a
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Gia thiét w phéan b tuyén tinh doc theo
chidu cao thing ding tir 0 dén w, .
z
w=w,—
h
Diéu kién bién Neumann ddi véi 4p luc P
tai tuong dung duogc xac dinh bang céach su
dung phuong trinh dong lugng theo phuong x
va diéu kién phan xa toan phin:

2.3. Tao luéi sai phan

Pé xdy dyng mot md hinh théng nhit,
trong d6 16p bién ddy va vung trén 16p bién co
thé giai dong thoi, mot hé thong diém lugizyai
phan khong déu duge thiét 1ap (Duy, 1996;
Thao, 2003). Trong mién vat ly, mat thoang la
mot bién di dong theo sy chuyén dong cua
song. Pay bién ciing 1a dai luong thay dbi theo
khéng gian.
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Hinh 2. Mién tinh to4n va lu6i sai phan ctia md hinh

Nhu vy, mién vat 1y c6 ludi cong va di
dong. Nham giai cac phuong trinh chu dao mot
cach de dang hon, ludi cong nay dugc dua vé
luéi tinh toan thang. O moi thoi diém tinh toan,
mién vat 1y (x,z,¢) dugc bién dbi thanh mién
tinh toan (é’ .1, z') nho cac phép bién ddi sau:

g=x
n=n Z7Zy (x )

" ()2, (x)

T=t

Véi 1, 1a chiéu dai theo phuong dimg 16n
nhét trong mién tinh toan.

Hinh 2 thé hién lué6i sai phan khong déu
trong mién tinh toan dwoc bién dbi tir mién vat
ly. Cac phuong trinh chii dao va diéu kién bién
ciing s& dugc bién ddi va giai trong mién tinh
toan nay bang cach st dyng ma tran Jacobian
bién ddi toa do.

. 2.4. Phuong trinh Navier-Stokes (Hﬁ:n
doi

Céc phuong trlnh chu dao (l)l@ﬁn (4) dugc
bién ddi trong mién tinh toan nhu sau:

ou ou ow
L + 77); 772 -
on

. (19)
o o

=0
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bién di dong tai bé mit nuée duoc xac dinh
tryc tiép tir mién vat Iy (x z t) béing cach sir
dung van toc(zhgo phuong ngang blen dbi

nguoc lai tir van toc tinh dugc tu mién tinh
toan.

2.5. Ludéi so le

Tién hanh giai cac phuong trinh bién dbi
va cac dicu kién bién lién quan bang phuong
phap sai phan I{&a)han theo ludi so le nhu Hinh
3. Cég: an soO can tinh 1;‘1 mat nude, ap luc va
van toc & u‘rng thoi diém khac nhau. P duoc
xem nhu 1a diém tai tdm cac 0 ludi, u va w 1a
diém tai canh cac 0 ludi. 23)
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Hinh 3. Ludi so le

Dbi véi cac phuong trinh (20) dén (23), sai
phén trung tim duoc st dung dé khai trlen déi
véi  cac  diém  lwoi(i,j), (i+

E,]),
1 ) .
i +E). Diéu nay cho phép tat ca cac dao

ham c6 thé duoc léy chinh xac dén bac hai véi
56 luong diém lu6i nho nhét, ddng thoi ciing
gitp dé dang tinh dugc quan h¢ voi nhiing
diém u, w va P ¢ diém lué6i gan ké ciing nhu
lam ting su 6n dinh cua 1o gidi so vé6i sai phan
trung tam st dung ludi khong so le.

Cac phuong trinh (20) dén (23) duoc giai
bang cach iy sai phan nira 4n.

2.6. Loi gidi s6 ciia mé hinh

Cao trinh mat thoang dugc tinh toan dua
vao cac dao ham riéng phdn tir cac phuong
trinh bién ddi trong mién tinh toan. Pay 1a cac
ham theo (x,?), phu thudc vao su thay ddi cia
muc nudc va duoc xé4c dinh tai thoi diém bét
déu ctia mdi bude thoi gian tinh toan.

Céc phuong trinh 4p lyc duogc thiét 1ap cho
timg loai nit riéng biét trong ludi s6 va cho hé
phwong trinh tuyén tinh:

{4){P) =}

24
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Véi {4} 1a ma tran h¢ s6; {B} l1a vecto
cac gia tri da biét; va {P} la vecto ap luc cin
phai giai.

H¢ phuong trinh tuyen tinh (24) c6 s6 4n
s6 rét 16n va xau chudi voi nhau giita cac
phuong trinh. Do d6, phép truy dubi va khi
dan duoc ap dung nhé’lm lam cho phép tinh
nhanh va dat hiéu qua cao hon.

Sau khi c6 truong ap luc, cic thanh phén
van tbc tai cac diém trong ludi 6 ¢6 thé duoc
dé dang tinh to4n. Sau d6, cao trinh mat thoang
dugc tinh toan lai cho budc thoi gian ké tiép.

Sau khi hoan tat 151 giai trong mién tinh
toan, cac két qua s€ dugc bién ddi nguoc trg lai
ung voi vi tri thuc trong mién vt 1y theo quan
hé sau:

x=¢

Z:Zb+—2(] 3)

V6i .. lachi s6 j (theo phuong thing
dung) 16n nhit.
3. KET QUA CUA MO HINH

Két qua mo hinh dugc tinh toan trong bbn
truong hop. Céc diéu kién song tdi dugc the

1.2

hién trong Bang 1. Nham don gian hoa viéc
tinh toan, do doc day trong tat ca cac truong
hop déu 1a nam ngang.

Bang 1. Cac thong s song t6i img véi timg

truong hop tinh toan
Truong Chlffu cao | k3| Do sau bo fioc
hop song day

Cl 5.5cm 2.0s | 40cm 0

C2 17.1cm 2.31s | 70cm

0
C3 26.4cm 2.33s | 70cm 0
C4 14.4cm 2.86s | 70cm 0

3.1. Pudng mit séng

Hinh 4 biéu dién dao dong theo thoi gian
clia mdt nudc trong mot chu ky tinh toan ung
vOi cac tru’(‘mg hQP khac nhau. Dao dong mat
nude duge bicu dien tai cac vi tri khac nH@$ xur
nat song dén bung song, vdi X 1a khoang cach
theo phuong ngang tur diém dang xét dén aéng
dung va L 1a chidu dai song. Két qua cho thiy
tai vi tri nit song (X /L= 0.25), dao dong cua
mit nude theo thoi gian 1a khong dang ké.
Trong khi do, tai vi tri bung song (X /L= 0),
dao dong ctia mat nudc co biér} d6 cuc dai. Két
qua nay la phu hop véi 1y thuyét song ding.

T o ....................

X/ = 0.25
(niut sdng)

0.00 0.25

0.75 1.00

0.00 0.25

075 1.00
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Hinh 4. Dao dong theo thoi gian ctia mat nude trong moét chu ky tinh toan
(truong hop C3)
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Hinh 5. Puong mjt séng tai nhiing thai diém tinh toan khac nhau (trudng hop C1)

Hinh 5 thé hién duong mat song tai nhiing ngay tai vi tri tuong ding. Diéu nay tring hop
thoi diém khac nhau trong mdt chu ky tinh todn v6i két qud thyc té cia song dung. Nhu vay,
0 vung trudc tuong domg. Khi biéu dien tat ca dicu ki¢n bién dugc ap dung tai bién phia bo la
cac duong mat song nay trén cung mot hinh vé, kha hop 1y.
cac nut song va bung song s€ duoc the hién rd . N X
ring £ Hng song ’ i 3.2. Trudng van toc

MO hinh sau khi giai s& cho gi4 trj vén tbc

Nhan xét rang trong tat ca cac truomg hop, p
) 8 & 8 9P theo phuong ngang u va van toc theo phuong

ta ciing déu thu dugc hinh anh bung séng &
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dimg w tai timg budce thoi gian tinh todn. Hinh
6 thé hién toan canh truong luu tc tinh toan
dbi véi cac pha khac nhau trong mét chu ky
song (truong hop C2). Két qua cho thdy mé
hinh mé phong kha tét van te ctia cac phan tir
nudc trong vung soéng dung phia truéc cong
trinh. Miac du thiu sb lidu thi nghiém dé kiém
chimg nhung c6 thé thiy ring 11 giai s6 cua
vén tbc 1a kha phit hop véi 1y thuyét tinh toan,
ké ca dbi voi cac diém trong 16p bién day va
bién mat thoang.

3.3. Phan bd ap lyc séng tai twong ding
Hinh 7 thé hién cac két qua tinh toan phan
bo ép lyc song theo phuong thang dimg doc
theo beé mit d€ chin song twdong ding doi voi )
Hinh 6. Truong van toc trong vung trude dé chan song tuong ding (truong hop C2)

bbn trudong hop tinh toan nhu di néu. Cac két
qua tinh toan dugc so sanh vodi cac s6 lidu do
dac trong phong thi nghiém va véi mé hinh
song bac bbn cua Goda va Kakizaki (1966).
Céc so sanh cho thiy rang mé hinh cho két qua
tuong d6i pht hop so véi cac sb lidu do dac
trong phong thi nghiém. Loi giai thu duogc tu
md hinh ciing c6 két qua kha phu hop véi cac
s6 liéu ctia mé hinh thue nghiém cta Goda va
Kakizaki. P4y 1a mé hinh da duoc kiém ching
va dugc cong nhén rong rdi. Do do, co thé két
luan ring mé hinh sb dwoc ap dung cho két qua
tinh toan 4p luc song 1én dé chin song tuong
dung phu hop véi 1y thuyét song bic bén
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(c) Truong hop C3

(d) Truong hop C4

Hinh 7. Phan bé 4p luc song tai bé mit dé chin song tudng ding
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Céc sb liéu thi nghiém do dac dugc ciing

nhu md hinh thue nghiém déu cho thay rang ap
luc song 16n nhét xuét hién & ving ngang bing
véi myc nudc tinh. Trong truong hgp chan
song xuat hién tai bé mat tuong dung, ap luc
song tréd nén nhd hon é4p lyc thiy dong & dudi
myc nude tinh. Ap luc nay c6 xu hudng diy
turong dung vé phia bién. Diéu nay ciing kha
phit hop v6i két qua tinh toan tir md hinh.

4. KET LUAN

Mot md hinh tinh todn &p lyc soéng 1én
teong dung dua trén hé phuong trinh Navier-
Stokes hai chiéu dugc ung dung. M6 hinh duoc
xdy dung dua trén diéu kién khong ton tai song
v& 6 truéc va lan cdn cong trinh, bo qua
chuyén dong réi. Bé thu duoc do phan giai cao
trong viung lan can day, mo6 hinh da st dung

cac ham bién d6i nhim dua cic phuong trinh
chii dao va cac diéu kién bién tir mién vat ly
sang mién tinh toan thong qua mot ludi sai
phan c6 khoang cach khong déu giita cac diém
nat. Voi viéc giai truc tiép phuong trinh
Navier-Stokes, m6 hinh d@ m6 phong tuong db6i
hoan chinh sy lan truyen song trong mit phang
thing ding hai chiéu phia trudc tuong dimg
theo thoi gian.

Thoéng qua md hinh, cic théng sb song
trong mit phing thing dung hai chiéu ciing
nhu phan b ap lyc song 1én bé mit tuong ding
duge xac dinh. Két qua tinh toan 4p luc séng
cho thiy 101 giai s6 c6 thé mé phong twong dbi
chinh xac va kha tin cay khi so sanh v&i cac mo
hinh 1y thuyét cling nhu cac sb litu do dac
trong phong thi nghiém.

SIMULATION OF WAVE PRESSURE ON A VERTICAL WALL BASED ON 2-D
NAVIER-STOKES EQUATIONS

Nguyen Danh Thao, Nguyen The Duy
University of Technology, VNU-HCM

ABSTRACT: This paper applies and develops a numerical model based on the two-dimensional
vertical Navier-Stokes equations to simulate the temporal and spatial variations of wave parameters in
front of vertical walls. A non-uniform grids system is performed in the numerical solution of the model
by transforming a variable physical domain to a fixed computational domain. Through present model,
beside some basic hydrodynamic problems of water waves such as wave profile and water particle
velocities, standing wave pressures at the wall are examined. Numerical results of the present model are
compared with laboratory data and with existing empirical and theoretical models. The comparisons
show that the model can simulate reasonably the wave processes of the waves in front of vertical walls
as well as the wave pressures on the wall.

Keywords: Wave pressure, vertical wall, Navier-Stokes equations, non-uniform grids system,
standing waves.
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