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TOM TAT: Bai bdo trinh bay mé hinh sé 3 chiéu tinh todn dong chdy va vén tai bin cdt trong
song. Dong chay duwgc tinh todn bang cach gidi phmmg trinh Reynolds voi gia thiét thiy tinh. Bin cdt
lo ling dwoc mo phong boi phwong trinh vin tai con bin cat day dwoc tinh tdan boi cac cong thire thuc
nghiém. Bién hinh Zong dan dwgc tinh téan tir phicong trinh bdo toan khoi leong tong. Tdt ca cdc
phuong trinh dwoc gidi bang phwong phap thé tich hitu han. M6 hinh dwoc dp dung nghién ciru bién

hinh long séng Vam Nao & dong bang séng Ciru Long.

1. GIOI THIEU

St dung mé hinh toan d& md phong céc
qua trinh déng lyc nédi chung va bién hinh long
dan noi riéng 1a mot phuong phap nghién ciru
tién tién. Cac mé hinh toan theo thoi gian ngay
cang dugc hoan thién va hién da dat t6i dinh
cao 1a md hinh 3 chiéu [1, 2]. Loai md hinh
nay, so v6i cac mo hinh 1 va 2 chiéu, co thé
tinh toan cac ciu truc thir cép cta dong chay va
qué trinh van tai bun cat trong khong gian 3
chiéu nén cho phép tinh toan véi do chinh xac
cao qua trinh bién hinh long din. Trong mot
vai nam vua qua, theo xu huéng d6, mét mod
hinh dong chay 3 chiéu di dwoc ching t6i phat
trién [3-5]. M6 hinh sau d6 dd dwoc bd sung
thém cac module van tai bun cat va cho phép
tinh todn qua trinh bién hinh long dan. M6 hinh
da duoc sir dung dé nghién ctru cho song Vam
Nao. Bai bao nay s& trinh bay mét sé két qua
nghién ciru budc dau ciia bai toan néu trén.

2. MO HINH DONG CHAY VA VAN TAI
BUN CAT

2.1 M6 hinh dong chay

V6i gia thiét ap suit phan bd theo quy lust
thiy tinh, cac phurong trinh co ban ciia mé hinh
trong h¢ toa do Descartes yuéng goc vai truc z
hudng tir dudi 1én dugc viet [6]:
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trong d6 u, v, w - cac thanh phﬁn van tdc; p
- ap suat; p - khdi luong rleng cta nudc; f - hé
) Corlohs K - d0 nhét roi phu(mg dtng; Fy,
Fy - cac sb hang x40 tron dudi mit ludi phuong
ngang. Do nhét réi phuong dimg duge tinh
theo md hinh Prandtl-Kolmogorov (1942):
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Trong do C', - hing s6 mo hinh; L - chiéu
dai x40 tron; k - dong ning rbi. Ching duoc
xéac dinh theo cach ma Davies va Gerritsen [7]
da thuc hién. Cac sb hang x4o tron dudi mét
luéi theo phuong ngang, dugc md hinh hoda
theo mé hinh d6 nhét réi:
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trong d6 do nhdt 1di ngang, Ay, dugc tinh
theo md hinh Smagorinsky [8]. Cac phuong
trinh (1) - (4) dwoc giai voi diéu kién bién nhu
sau. Trén mat thoang (z=n):

w(p)=Loy S0y 00 ®)
ot ox oy

ou Ov
p M[a %2 }z_,,:(%“foy) ©)
Con tai day (z=-h), diéu kién bién la:
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trong 40 Te, Toy - Ung sut gio trén mat
thoang; U,V - van tdc trén mat thoang; Uy, V), -
van toc tai mit lwoi sat day; Cp - h¢ s6 ma sat
day, dugc xac dinh voi gia thiét van tdc trong
ving sat day phan b theo quy luét logarit:
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voi K - héng s6 Karman; z, - d6 nham; A -
khoang cach tir day toi mét lugi dau tién. Trén
bién kin, thanh phan van tc vuéng goc véi
bién béng khong. Trén bién hd, muc nudc hoac
thanh phan luu lwong vudng goc véi bién dugce
ap dat.

Céc phuong trinh (1) (4) cung cac didu
kién bién dugc dua vé hé toa do bién ddi o
va gidi theo phuong phap dugc trinh bay trong
tai lidu [3]. Giéng nhu tit cd cac mo hinh dong
chay 3 chidu khac, qué trinh tinh toan dugc
thuc hién theo hai giai doan: xac dinh mat
thoang va tinh toan trudng vén tdc. Mit thoang
duoc xac dinh bi’mg cach tich phan tryc tiép
phuong trinh lién tuc theo 10i giai van téc 3
chiéu. Van téc dugc gidi tir cac phuong trinh
dong luong theo so dd ADI ciia Douglas-Gunn
[9]. Giai thuét chi tiét co thé xem trong tai lidu
trich dan.

2.2 Mo hinh van tii bun cat

Bun cat trong tinh toan dugc chia thanh 2
16p: bun cat lo ltrng va bun cat day. Bun cat
day chuyén dong trong 16p sat day con bun cat
lo limg dwoc van tai boi dong chay & ting trén.
Thong thuong bé day 16p bun cat day dugc lay
bang a=0.01D (D - d¢ sdu). Trao d6i bun cat
gitra 2 16p dugc thyc hién thong qua qua trinh
lang dong véi suit Dy va bdc 1én véi suét Ej,.

Bun cat lo liing

Phan bé ndng do bun cat trong ting lo
Itrng dugc mo ta bdi phuong trinh van tai:
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Trong do: C - n6ng do bun cat lo limg; 4,

- hé s6 khuyéch tan rdi trén phuong ngang
va phuong dimg; @, - d6 thd thuy luc (settling
velocity hodc fall velocity).

Néng ,d(f) bun cat la d’ai Iuong vo thuo
nguyén. Néu nhan n6 voi khoi lugng riéng cia
hat lo limg p; ta s€ dugc nong 46 & don vi

kg/m3 hay g/lit. H¢ s6 khuyéch tan rbi trén
phuong ngang dugc lay bang d¢ nhét rdi, con
hé s6 khuyéch tan réi trén phwong dimg dugc
tinh theo Van Rijn [11]: K . = g, ®K,, (14)

Trong d6 B va @ 1a cac hé sé tinh téi anh
huong ciia hat lo limg 1én cac céu tric rdi.
Phuong trinh (13) duoc giai véi diéu kién bién
sau. Trén mat thoang:

[a} C+K, 6C} -0 (15)
0z .
Trén mat phan cach gitra 2 ting:

[a) C+K, ﬁ} =—(E, -D,) (16)
aZ z=z,+a

~ Theo Van Rijn [12], suét ling dong D, va
boc 1én E;, duoc tinh:

D,=w,C,;E, =0,C, (17)

Véi Cp va Cps - néng do va néng do bao
hoa tai mat phan cach (duoc tinh theo Van Rijn
[11]). Trén bién kin, thong luwong bun cat qua
bién bang khong. Trén bién hé noi dong chay
di ra, diéu kién khong c6 gradient ndng do
dugc sir dung, con tai noi dong chdy chay vao
didu kién bién s& 1a ndng do bun cat. Thuc té,
gia tri bién nong do kho xac dinh va thong
thuong trong tinh toan n6 dugc lay tir 10i giai
giai tich voi diéu kién bio hoa.

Bun cat day

Phuong trinh can bang khdi lugng ctia bin
cat van tai trong 10p day dugc viét [12]:

(1—P)ai+ a(agb)+ 6(qu)+ a(q"’y)
ot ot ox oy
=(D,-E,)+S
(18)
Véi P - d6 rong; z, - cao do day; C, -

ndng d6 bun cat trung binh trong 16p day; g
va gp, cac thanh phén luu luong biun cat day
(dugc tinh theo Van Rijn [10, 12]); S - s6 hang
nguon.

Tinh toan bun cat van tai dugc thuc hién
qua 2 giai doan: gidi phuong trinh van tdi bun
cat lo limg (13); va tich phan phuong trinh can
béng bun cat day (18). Trudce khi gidi, phuong
trinh (13) clng dugc dua vé toa d6 o va sau do
duoc giai bang phuong phap thé tich hitu han
theo so dd ADI gidng nhu di dwoc thuc hién
cho cac phuong trinh dong Iwong. Trong khi do
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phuong trinh (18) sau khi don gian b6t sb hang
téc do bién doi cuc bo khdi lugng bun cat day
s€ dugc tich phan theo phuong phap trinh bay
trong tai lidu [13]. Xét thé tich kiém soat nhu
trén hinh H.1, tich phan viéc phuong trinh (18)
sé€ cho ta:

Zip =t
P{%‘W e % H0-E),"+S)

(19)
Trong dé Qix, >9x,, > Dby, > Doy la cac

thanh phﬁn trén cac tryc toa do cta luu lugng
bun cat day trén cac mat kiém soat.

—
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Thé tich
Hinh H1. So dd thé tich kiém so4t

3. KET QUA TiNH TOAN BIEN HIiNH
SONG VAM NAO

Song Vam Nao nim trén dia ban tinh An
Giang, c6 chiéu dai khoang 6km va la con song
chinh chuyén nudc tir séng Tién sang song Hau
(hinh H.2).

Dong chay trén song c6 hai mua rd rét véi
su bién thién cta luu Iuwong va myc nudc trong
mdt bién d¢ 16n. Vao mua kho, song co luu
luong trung binh khoang 1000 - 1500m?/s.
Chidu dong chay thay doi theo thuy tridu va
muc nuée bién thién trong khoang tir -0.4 -
1.2m. Vao mua mua, thity tridu hau nhu khong
con anh huong toi dong chay tai ddy. Trong
nhing nam I 16n, luu lvong dong chay c6 thé
dat t6i 10000m’/s va muc nudc c6 thé 1én t6i
3.7m.

Poan séng tinh toan nim trong mién chit
nhét c6 kich thudc 7840mx3360m, gdbm 2 doan
song Tién, séng Hau va séng Vam Nao. Day
song trong mién tinh da duoc Trung tam
Nghién ciru chinh tri séng & Phong chong
thién tai (Vién KHTLMN) do dac 2 lan: thang

8/2002 va thang 7/2004. Hinh H.3 1a dia hinh
day song do 1an dau, co sira chita nén thing cac
bién dé tao thuan loi cho tinh toan. Mién tinh
toan dugc phu mot ludi tinh déu 40mx40m va
chia lam 5 16p theo d9 sau. Tinh toan duogc
thue hién cho cc diém c6 do sau 16n hon 0.3m
va sb luong cac diém tinh thay ddi theo qua
trinh bién thién muc nuwéc. Nhu vay mo6 hinh cé
thé dap ung dugc qua trinh bién dong long dan
do thuy triéu va li. Budc thoi gian cho tinh
toan dong chay 1a 1.2s con cho tinh toan van tai
bun cat 1a 30s. Bién ho thuong luu dugce ap dat
bdi luu lugng con bién hd ha luu dugc ap dat
bdi muc nudce. Cac gia tri bién nay dugc tinh
toan tir md hinh 1 chiéu ciia mang séng Ciru
Long. Nong d¢ bun cat tai cic bién noi dong
chay chay vao dugc xac dinh tir gia thiét phan
b6 bao hoa.

AL /;‘:*%**?‘

Hinh H.2. S6ng Vam Nao

Trong tinh toan thir nghiém budc du, cac
thong $6 cta hat duoc léy nhu sau: ds;=1.0mm,
p=2650kg/m’, P=0.3. Céc thong sé nay duoc
liy tuong tw nhu & doan séng gin do.

1000 2000 3000 4000 5000 6000 7000

Hinh H 3. Dia hinh d4y song thang
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Tinh toan duoc thuc hién cho khoang thoi
gian tir thang 8/2002 dén thang 7/2004. Hinh
H.4 1a phan bd van tdc trén mot sd mat cat
ngang song ngay 5/8/2003. Vi tri cac mit cit
duge chi dan trén hinh H.3. So sénh vdi sb lidu
thuc do boi Trung tdm Nghién ciru chinh tri
song & Phong chéng thién tai cho thiy két qua
tinh kha chinh xac.

Hinh H.5 cho thiy trudng van téc va phan
b6 nong do bun cat lo ling trong dong chay
mua 16 & cac tang khac nhau. Trong mua nay
ndng do bun cat lo limg kha cao. O sat day,
nong d6 khoang 1300mg/l trong khi trén mit
nude khoang 500mg/1.

Hinh H.6 13 két qua tinh toan day song t6i
thang 7/2004. So v6i 2 nam trude bd bic song
Vam Nao bi bdi trong khi bo nam bi x6i sau
hon. Ngoai ra ngay tai cira r& vé song Tién day
song bj bdi 1ap. Két qua tinh ciing cho thiy hd

x6i ngay sau hop luu séng Hau di phat trién vé
dién tich nhung khéng thay dbi d6 sau. Nhin
chung két qua tinh toan twong dbi phu hop voi
két qua do thuc hién boi Trung tim Nghién ctiru
chinh trj séng & Phong chdng thién tai.
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Hinh H.5. Truong van tdc va phan bd ndng d6 bun cét lo limg mua 1d
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a) Tinh todn.

b) Do dag

Hinh H 6. Dia hinh day song Vam Nao thang 7/2004
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4. KET LUAN

Mic di mé hinh giéi thiéu trong bai bao con mot s6 han ché nhu bude thoi gian tinh khong 16n do
1a so db hién; do chinh x4c & ving sat bo chua cao do dung lu6i tinh vuéng goc... nhung n6 dép tmg
dugc yéu ciu nghién ciru qué trinh bién hinh long din trong song. Két qua tinh trudng vén tde va dién
bién day séng Vam Nao cho thiy mé hinh c6 d tinh t& va chinh xéac kha cao.

PRELIMINARY RESULT OF DEVELOPMENT OF 3D NUMERICAL MODEL FOR
MORPHOLOGICAL PROCESS

Le Song Giang ®, Le Manh Hung ©
(1) University of Technology, VNU-HCM
(2) Southern Institute for Water Resource Research

ABSTRACT: The paper presented a 3D numerical model for calculation of flow and sediment
transport in channels. The flow is calculated by solving the Reynolds equation with hydrostatic
assumption. Suspended-load is simulated by transport equation while bed-load is calculated using
empirical formula. Bed transformation is obtained by solving an overall mass-balance equation. All

equations are solved using finite volume method. The model is applied for study of bed deformation of
VamNao river in the Mekong delta.
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