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Tém tit: Bai bdo ndy gidi thiéu mot s6 phieong phdp sé dé tinh todn lan truyén séng tir viing
nuwoc sau dén viung ven bo va phan tich han ché cua tung moé hinh. Trong tam bai bdo tdp trung vao
mo hinh tich phdn theo do sdu (depth integrated models) va mé hinh phwong trinh RANS (Reynolds

Averaged Navier-Stokes equations).

I. Giéi thiéu

Song ngoai khoi thudng 1a tong hop cia rat
nhiéu tan sd séng. Cac song thanh phan c6 tan
s6 song cao hon thi lan truyén véi toc do bé hon
S0 VGi song co tan sd song thap hon. O ving
nudc sau, song khong bi anh hudng boi hinh
thai day bién. Tuy nhién, khi tién vao ving thém
luc dia, song hodc bi khuc xa do tic dong cua
day cuiia dong chay hodc bi nhiéu xa quanh khu
vuc day bién c6 su thay doi dot ngot chfmg han
nhu ving bién c6 dun cat day, dé chin
song...Mot phan nang luong séng phan xa
nguoc tré lai ving bién sau. Tiép tuc tién vao
ving nudc gan bo, song mat di phan 16n ning
luong do ma sat day, profile song c6 su thay
d6i: déc hon, bién do song ting 1én, chicu dai
song giam di. Piéu nay 1a 1i do cua hién tugng

song vo. Ung xir ciia song bién tir ngoai khoi
vao ving gan bd 1a vo cung phirc tap; Thong
thuong cac dic trung cua song duge tong hop tir
ngoai khoi; va cac dac trung song nudc sau nay
nhat thiét phai duoc tinh d6i thanh cac dic trung
cua song tai vung du an dugc nghién cuiu. Cong
tac nghién cru, quy hoach va thiét ké cac cong
trinh dé ché ngy thién nhién cu thé ¢ day 1a song
bién doi hoi can c6 cac thong sé song that chinh
x4c. Yéu cau vé do chinh xac cua cac tham sd
song ding cho tinh toan thiét ké ngay cang cao;
do d6 rat nhiéu cac nghién ctru vé mo hinh bién
dang cua song bién da duoc thuc hién. Bén canh
viéc nghién ctru qua cac mo hinh thi nghiém, cac
moé hinh sé ciing dd duoc sir dung. Pic biét 1a
hién nay thi sy phat trién cua khoa hoc may tinh,
phuong phap s6 da tro nén phd bién.

Bdng 1. Tong hop mét s6 phwong phdp sé miéu td sy lan truyén song

Mo hinh s6 Gi6i han vé phi tuyén  Gi6i han vé khuyéch tan tan sé

Tuyén tinh /Giai tich a’h ~0 kh khong giéi han — khuyéch tan hoan
toan

Tich phan d6 sau a/h ~ O(1) — hoan toan kkh ~0 Séng nudc ndng phi tuyén

/Phuong phép sb phi tuyén

kh < ~3 (/h>2) Boussinesq
kh < ~5 (I/h>1.2) Boussinesq béc cao.

M0 hinh da 16p
hoan toan

a’h ~ O(1) — phi tuyén

kh <~8 (Vh>0.8) 2-1¢p
kh <~15 (/h>0.4) 3-I¢p
kh <~30 (/h>0.2) 4-16p

Navier Stokes

Phi tuyén hoan toan

Khuyéch tan hoan toan




Céc nghién ctru gan day thudng tap trung vao
mo hinh s6 tich phan theo d6 siu (depth-
integrated models), mo hinh nay c6 thé miéu ta
day du qua trinh lan truyén séng phi tuyén tir
ving nudc sdu vao ving nudc nong. Doi véi
hién tuong séng v, dé miéu ta qua trinh séng
vO thi st dung md hinh phuong trinh RANS
(Reynolds Averaged Navier Stocks) co xét dén
tinh r6i. RANS ciing dugc dung dé nghién ciru
tuong tac song va cong trinh. Muc dich cuia bai
bao 1a tim hiéu sy phat trién cia mé hinh tich
phan d¢ sau va sy mé phéng qua trinh séong v
ctia mo hinh.

II. M6 hinh tich phéan theo d siu ( Depth
Integrated Models)

2.1 Phwong trinh tich phdn theo d¢ sdu

Piéu kién dong khong xody trong viing nudc
nongtacou (x,zt) ~u(x,t) va ¥ _ _

u

Céac phuong trinh co ban mo ta song:

Phuong trinh lién tuc:

ou ow_ _, (1)

ox Oz

Phuong trinh dong lugng theo phuong ngang
va phuong ding:

ou Ou

ou__1p

+tu—+w—-= 2)
ot Oox oz p Ox
ot Ox 0z p Oz

Phuong trinh diéu kién bién bé mat tu do va
bién day:

w(x,n,t) = 66—7[7+u(x,t)2—;7

w(x,—h,t) = —u(x,t)% (4) va (5)
X

Léy tich phan phwong trinh lién tuc theo do sau:

T(ﬁ%x + a%z)dz ) (6)

—h
Dua vao cac di€u kién bién va mot vai budc
tinh toan, ta duoc:

a%tﬁ[(hw)f%x:o %

Tich phan phuong trinh dong luong theo
phuong z tir day —h dén mit thoang n dé xac
dinh 4p suit p, sau d6 thay p vao phuong trinh
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dong lugng theo phuong ngang:
Ou +ul +gn=0 (8)
Hinh 1 thé hién cac thong sb song duoc dung

trong cac cong thuc
n

ufxz.y

L]

e  a a a a  a

u,w van tdc theo phuong x va z; h- d§ sdu khu nudéc;
M- dudng mét soéng

Hinh 1. Céc théng sé séng co ban

2.2 Phwong trinh mild-slope

Phuong trinh mild-slope dé md ta lan truyén
song dua trén li thuyét séng tuyén tinh. Véi dao
dong song co tan s6 dao dong o, dich chuyén bé
mat n ta co thé biéu dién ham thé van tdc nhu sau:

_ —ignp coshk(z+h) _,, 9
? o  coshkh < ©)
k- s6 song va h- d6 sdu thay doi rat cham
theo phuong x,y.

Phuong trinh thé hién quan hé khuyéch tan
o’ = gk.tanh kh (10)
Theo Smith va Sprinks (1975), dich chuyén

bé mat n phai théa man phuong trinh sau:
2

v6i tan so:

v.(CC,Vm+Zn=0 (11)
’ g
véi c=2.c :dﬂzg(l+ 2kh yla  véan
k% dk 2 sinh 2kh
toc truyén song don va van tdc truyén song cia
nhom song.

Phuong trinh vi phan (11) dugc goi la
phuong trinh mild-slope. Co thé thay duoc hai
han ché ciia phuong trinh nay, d6 1a: - Ddi véi
song dai trong vung nudc nong kh<< 1, phuong
trinh (11) tr¢ thanh phuong trinh séng nudc
noéng tuyén tinh ding ngay ca khi & = O(1)



(5 = M). Con néu do sau khu nude 1 hang sb
kh

hodc séng ngin trong ving nude sau (kh>>1),
phuong trinh (11) thanh phuong trinh
Helmholtz c6 s6 song k thoéa man phuong trinh
khuyéch tan (10).

Do d6, phuong trinh mild-slope nén duoc
diéu chinh cho tat ca cac gia tri cua kh. Phuong
trinh mild-slope chi thich hgp tinh todn lan
truyén song tir viing nudc siu vao ving nudc
nong voi gia thuyét song tuyén tinh. Mot van dé
kho khin khi 4p dung mild-slope cho ving bién
rong d6 1a xac dinh cac diéu kién bién doc bo.
Giai phap cho van dé nay 1a ap dung “gan dung

2
a—f + (Ziko + 1
oy cCc, ox

Phuong trinh (13) la phuong trinh mild-
slope mo rong.

ox CC, 0y

2.3 Phwong trinh Boussinesq

Peregrine dd phat trién phuong trinh
Boussinesq chuén (standard Boussinesq) v&i do
sau thay doi.

n, + V| +mu]=0 (14)

" %v\;\z + gV +{’§v(v.%)gv(v.(h.%))} =0 (15)

Trong do: ;Vén tde trung binh d¢ theo d6

sau, gradient V= 9 0 | g — gia toc trong
ox’ Oy

truong. nt,u_[ dao ham ting phan cua dich

chuyén bé mat song va van toc trung binh do

n,+V[m+hu, ]+ V{[ 232

u, + %V‘ua‘z +gVn+z, {%zaV(V.um)+ V(V(h.um ))} =0

Cong thuc (16) va (17) 1a phuong trinh
bao toan khoi lugng va dong luong, 1a mot
trong cac phuong trinh ‘Boussinesq hiéu
chinh’dugc st dung nhiéu trong tinh toan
truyén song. Theo Chen (1998), néu z, = -
0.531.h thi cac phuong trinh ‘Boussinesq
hiéu chinh’ ¢6 thé mé phong song lan truyén
tlr ving c6 do sau nudc twong ddi ( h/L ~ 0.5,

8Cnga_§+ 1 accg%+(w_2_k2+ ik, 0C

- hg}h.V(V.ua )+ (za - g].h.V(V.ua )} =0

parabolic” (parabolic approximation) cho
phuong trinh mild-slope ( Kirby va Dalrymple
1983). Co nghia la: trong phuong trinh mild-
slope (11), dich chuyén bé mit 1 co thé xem
gan dung khi song lan truyén theo phuong x voi
bién d6 song thay d6i theo hai phwong mit
phang ngang x, y. Do dé:

n=E&(x, y)e™ (12)

Vi ko - s6 song 12 hing sb

Phuong phép ‘gan dung parabolic’ gia thiét
rang: Ham bién do A thay d6i nhanh dang ké theo
phuong y hon phuwong x, 0°&/0y*))o>E/ox”.
Thay (12) vao (11) ta dugc:

0

—Cg =0 13
g cC, ox 6= (13)

oy
sau theo thoi gian t.

Phuong trinh ‘Boussinesq chuan’ khong
thich hop dé tinh toan song & viing nudc nong.
Dé ap dung cho cac song ngin hon, rat nhiéu
nha nghién ctru da hiéu chinh phuong trinh
‘Boussinesq chuan’ (vi du nhu Madsen 1991,
Nwogu 1993, Chen va Liu 1995). Mic du su
hi¢u chinh cac phuong trinh c6 khac nhau
nhung két qua thi trong tu nhau.

Theo Nwogu, cac phuong trinh tich phan theo
do sau cua phuong trinh lién tuc va phuong trinh
dong lugng co thé dugc viét theo cac dai luong N
-d6 dang bé mit song va u, —van tdc chuyén
dong theo phuong x tai d0 sau z = z,

(16)
(17)

L — chiéu dai song) dén ving nudc nong va
c6 thé md phong sy tuong tac gitta song va
dong chay. Phuong trinh ‘Boussinesq hi¢u
chinh’c6 thé miéu ta song & ving nudc co do
sau tuong d6i song van con nhiéu han ché.
Khi song tién dén gan bo, chiéu cao song
ting do hién tugng séng vd; ti sd chiéu cao
song va do sau nudc ting cao dicu nay thi
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phuong trinh ‘Boussinesq hiéu chinh’ cin
phai hiéu chinh thanh phuong trinh song

. +v.{(h +n)[ua +(za i —n)jV(V(h.ua ))+(

nudc néng phi tuyén. Liu (1994), di dua ra
dang phuong trinh Boussinesq méi:

1 2 1 2
—z ——(n - 18
27 | (18)

a

a3+ e+ 2, {5 2T+ VO G, D]

R ETORRTS R0 RIS IR,

(19)

s v{(za o Yow, VY () - UBU.V.MM V(i )}} _o

Nam 2000, Hsiao da sir dung cong thiic trén
dé nghién ctru anh huong cia dé chan song
ngam. Lynett va Liu da phat trién cong thirc
(18) va (19) bang cach thém dai lwong tich phan
d6 sau theo thoi gian dé tinh toan lan truyén
song khi ¢o sy dich chuyén dudng bo.

Céc 1y thuyét trinh bay trén day déu dya trén
gia thuyét khong co sy tiéu tan ning lugng trong
qua trinh truyén séng. Tuy nhién, trong hau hét
cac van dé lién quan dén song bién, anh hudong
do tiéu tan nang luong song 1a rat quan trong.
Do d6 phuong trinh Mild-slope c6 thé hiéu
chinh bang cach thém ham phan tan ning luong.
Ham phan tan ning lugng thuong xac dinh theo
cac qua trinh ti€u tan khac nhau (Dalrymple
1984). bé mé phong séng vo, dai luwong dac
trung song vo (a.Aj; Vi A thé hién bién do
song phuc ciia song thanh phan tan sb song thi j
va L. o la hé sd tiéu tan nang luong phu thude
vao md hinh st dung miéu ta song vo.

Tuong tw, md hinh sé dya theo phuong trinh
Boussinesq ta thém mdt dai lugng modi vao
phuong trinh tich phan dong luong theo do sau dé
tham s héa qua trinh séng v&. Karambas va
Kuotias (1992), Kennedy (2000) da thém vao
phuong trinh thanh phan d6 nhdt xoay (eddy
viscosity). Schaffer (1993) thi da st dung mo hinh
‘song cudn” phic tap hon dua theo khai niém
‘song cudn bé mat’ cho song v tran. Hai mo hinh
nay da cho két qua phu hop voi két qua thi nghiém
vé profile bé mat séng, nhung ca hai mé hinh hiéu
chinh nay déu cho 10i giai ¢6 sai s6 khé 16n so véi
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thi nghiém vé truong van tdc va su phan bd ning
lugng. Do do can phai tim dugc mot md hinh
thich hop dé mé phong qué trinh séng vad.

II. Mé hinh cic phuwong trinh RANS
(Reynolds Averaged Navier-Stokes) cho song vo.

Mot s6 md hinh sb 2-D mé phong séng v
hiéu qua nhu: mé hinh MAC (the Marker and
Cell model) cua Johnson (1994) va md hinh
VOF (the Volume of fluid method) cua Lin va
Liu (1998). Cac phuong trinh RANS (Reynolds
Averaged Navier Stokes) két hop vi mo hinh
10i k- bac hai ciing da dugc Liu (1998) dung dé
miéu ta song v tran va song v& d6. Bai bao nay
chu yéu giéi thiéu vé mo hinh RANS.

D& véi dong chay rdi, truong van tdc va
trudng ap suat dugc chia thanh 2 phan: mét 13 van
tdc va ap suat trung binh (ug, va py), hai 12 van tc
va ap sudt roi (u’vap’). Nghia la: u;=ug,; + ui’vap
=pw + p’(20). Véi i=1, 2, 3 cho dong 3-D. Néu
chat long dugc gia thiét 1a khong nén dugc thi
phuong trinh RANS duoc viét nhu sau:

Ou _— e2y)
Ox,

Va

Oy Oy 10p, 10Ty dujui (22)
o Vo, poy T opoax,

Trong do: p- trong lugng riéng, twij la tensor
ung suat phan tir trung binh tw;j = 2p.0wi Vo1 1

d6 nhot va opy = L| 4w , %% |1a tensor
2| ox, ox

g sudt cat cia dong trung binh.
O phuong trinh dong luong (21), sy anh



huong ciia dao dong rdi 1én dong trung binh
dugc thé hién qua tensor mg sudt Reynolds
[pu’;, u’j].
Phuong trinh vi phan k-¢ chu dao (Liu va Lin
1998):
%+utbj.%:i Yy K& —u'iu'/..%—g (23)
a "a, a|lo o ry
Véi v=p/ p: 40 nhét dong hoc phén tir, v, 1a

J J

dd nhét r6i va e= v [%j dai luong dic
ox;
trung murc d6 tiéu tan nang lugng dong hoc rdi.
Trong phuong trinh chuyén dong (23),vé
trai thé hién su d6i luu con vé phai thé hién su
khuyéch tan. Pai lugng thir hai va tha ba cta vé
phai phuong trinh (23) dac trung cho tinh van
chuyén va tiéu tan nang luong do tinh rdi.

DPé giai duoc phwong trinh chii dao céac
phuong trinh diéu kién bién cin phai duogc thiét
lap. Dbi véi dong trung binh, diéu kién khong
trugt doi v6i bién cung va diéu kién tng suit
bang khong cho mit ty do chit long (b6 qua anh
huong 16p khong khi. V&i dong réi, gan bién
cimg, thi yéu cau 1a van tdc tiép tuyén trung
binh trong 16p bién rdi phan bd theo quy luat
Logagit nhim muc dich biéu dién k va & nhu 1a
ham ciia toa do va van tdc tiép tuyén trung binh
nam ngoai 16p nhét bén dudi. Piéu kién bién tai
mat thoang c6 gradient

ok Oeg 0 (24)

on on

Cac phuong trinh RANS dugc giai bang
phuong phép sai phan hitu han. Phuong trinh
d6i Iuu (vé trai cta phuong trinh (23)) dugc xéac
dinh bang phuong phéap sai phan trung tdm va
sai phan tién. Gradient (mg suat va ap suat thi

Tai li€éu tham khio

xéc dinh bang phuong phap sai phan trung tam.
Phuong phap VOF duoc ding dé xac dinh mit
tu do. Phuong trinh chuyén dong k- & (23) duoc
giai twong tu nhu vdoi phuong trinh dong luong.
Nhiéu nha nghién ciru da sir dung phuong phap
RANS dé mé ta song v& va so sanh thi nghiém,
két qua rat t6t. M6 hinh nay gan day con duoc
ap dung dé mo phong tuong tac giita song va
cong trinh bo bién.

IV. Két luan:

V6i sy phét trién nhanh chong ciia nganh
khoa hoc may tinh, ching ta di c6 thé giai cac
phuong trinh Navier-Stokes trong mién tinh
toan tuong ddi 16n. Cac mo hinh lan truyén
song van phai phu thudc vao mét sé cac cong cu
toan hoc dé co thé mo phong cac diéu kién song
phuc tap hon. Nhu da trinh bay, cdic mo hinh 2-
D tich phén theo d6 sau ngay nay duoc su dung
rong rai. Xu thé hién nay, néu cac mé hinh sd cé
sai s& bac hai O( %) , thi mé hinh c6 thé phu
hop voi k.h = 3. Véi su xuét hién ctia md hinh
s6 dwa theo RANS, ma cac nghién ciru vé song
v3, vé tuong tac giita song va cong trinh dat
dugc nhitng két qua quan trong, tuy nhién su
phat trién mo6 hinh vin ¢ trong giai doan tim
hiéu ban d4u. Can tim ra cac mo hinh thich hop,
phat trién cac mé hinh 3-D, t6i wu hoa céc thuét
gidi dé giam khéi lugng tinh toan, giam chi
phi....Mot trong cac nghién ciru can dat ra 1a
tich hgp mo hinh tich phan d6 sau 2-D v6i mo
hinh 3-D RANS. Mo hinh 3-D RANS khong chi
dung dé tinh song v ma con xac dinh tuong tac
gifta song va cong trinh. Két qua tir mo hinh 3-
D RANS c¢6 thé 1y tich phan va tham s6 hoa dé
str dung cho md hinh 2-D tich phén theo d¢ sau.
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Abstract:
NUMERICAL MODEL TO SIMULATE WAVE TRANSFORMATION

This paper reviews various numerical models for calculating wave propagations from deep
water to surf zone, including wave breaking. The limitations for each model are briefly discussed.
The main focus of the discussions is on the depth-integrated models for describing fully nonlinear
and weakly dispersive waves, and the Reynolds Averaged Navier-Stokes (RANS) equations model to
calculate breaking waves and associated turbulence.

Key-words: wave propagation, depth-integrated models, RANS.
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