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TOM TAT : T rong bai bao nay tac gia trinh bay phwong phap tinh todn chuyén tai bun
cat dinh ving ven bién. Co 56 Iy thuyét ciia phuong phap dua vao loi giai hé phuong trinh
Reynolds, két hop voi hé phuong trinh chuyen tai bun cdt, ldy trung binh theo chiéu sdu, cé
tinh dén ham sé nguéon, mé ta toc do boc lén hay ling xudng cua hat. M6 hinh tinh dwoc kiém
tra véi nghiém gidi tich. Cdc két qua tinh dwoc tir mé hinh rat phit hop véi cac két qua tinh
dwoc tw loi giai gidi tich.

1.COSO LY THUYET
1.1 H¢ phuwong trinh tinh toan dong chay

Hé phuong trinh tinh toan dong chay va diéu kién bién dugc trinh bay ky trong /5/ nhu sau:

6” 6u 8u fV:—g@—M+AA2(u)
at ax ay Ox h+¢
@+u@+vé+fu=—g@—M+Mz(v)
a  x oy h+¢

6§ 0

PR —[(h+¢) u]+—[(h+z; v]=0-

(1)
V6i: u,v: thanh phan vecto vén toc trong toa dd vudng goc (m/s);
h : d0 sau (m);
¢ : muc thay triéu (m);
t :thoi gian (s);
k hé s6 ma sét day;
f : thong s6 Coriolic;
A : hé sb rdi theo phuong ngang (m*/s);
2 2

A = 8_ + 5_ : toan tu Laplace.

ox’ oy’

e Diéu ki¢n ban ddu: u, v, { cho ca mién tinh bang 0.
e Diéu kién tgi bién:
Trén bién Iong: cho du6i dang téng dao dong cho cac song tridu.
Trén bién cung (bo) c6 diéu kién khong tham u, = 0 ; v6i n 1a phuong vudng goc bo.
1.2 Phuong trinh chuyén tai
Sy phan bd bun cat lo ling theo khong gian va thoi gian duoc mé ta boi phuong trinh hai
chi€u sau:
oc oCc oC 2
Cor [l k2w Gt 2w G @
Trong do:
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0 C:Nong dd thé tich bun cat lo ling trung binh theo chiéu sau (tinh bang kg/m’)

0 u, v: Thanh phéan vén tdc trung binh theo chiéu siu ctia dong chay theo phuong
X, y.

0 Ky Ky H¢ sO khuyech tan ri theo phuong x, y.

o S: Ham s6 nguon mo ta tde do bdc 1én hay lang xudng cua hat (m/s).

0 v, hé s6 phan bd van téc va ndng do theo chiéu sau.

e Tinh ham s6 nguon /3,4/:

S=F doi voi t, > 1,
S=-D doi voi t, < 14
S=0 doivoity <1, <1, 3)

Voi:
o E- Téc do béc 1én cua hat (m/s).
0 D -Toc dg lang xudng cua hat (m/s).

0 1, - Ung suat tiép day. rb=%ka2 v6i k12 hé s6 ma sat day ; V =+/u’ +v’
4)

0 14 - Ung suét tiép day toi han dé hat ling xudng.
0 .- Ung suat tiép day tGi han dé hat boc 1én.

2. PHUONG PHAP TiNH TOAN

Mot trong nhitng phuong phap pho bién nhat ma cac tac gia khac trong nudc va trén
thé gidi ap dung dé gidi bai toan chuyén dong bun cat 1a phuong phap sai phan hiru han, véi
céc diéu kién bién vé ndng do nhu sau:

e Trén bién cung (bo): ap dung diéu kién phan xa toan phén: % =0

e Trén bién long, khi nwdc tiv mién tinh chdy ra, ap dung diéu kién : Z—C =0
n

e Trén bién long, khi nwdc tir ngodi chdy vao mién tinh, ap dung diéu kién : C=C,

Véi cach xac dinh diéu kién bién trén bién long nhu trén, khi nudc tir mién tinh chay ra,
bién long dugc ap dat dién kién vat chét phan xa toan phan (mang dic tinh gidng nhu bién
ctng), diéu nay dan t6i két qua: khi nudce chay ra, vat chét khong dugc thoat ra khoi mién
tinh, ma cr chay vong trong mién tinh, khong duoc trao d6i ra ngoai mién tinh, do dé
khong hop véi thuc té.

Trong bai nghién ctru nay, tac gia ciing ap dung phuong phap sai phan hiru han dé giai
bai toan, nhung cdi tién cach xac dinh diéu kién bién C trén bién long khi nuéc chay ra
khoi mién tinh bang phuong phap dudng dic trung (nhu trong muc III. phan xac dinh
diéu kién bién). Vi cach xac dinh bién ma tac gia ap dung, tranh duoc két qua khong hop
ly 1a vét chat khong thé thoat ra khoi mién tinh khi nuéc chay ra khoi mién tinh.

g (bo) cb diéu kién khong thdm u, = 0 ; voi n 1a phuong vudng goc bo.

3.S0 PO GIAI
. Heé phuong trinh (1) dugc giai két hop voi (2) bang phuong phép sai phan hitu han, so d6
an luan huéng ADI.
Nghiém ctia bai toan duogc tinh theo ting nita budc thoi gian:
° T’ai ntra budc thoi gjan dau ,t+1/2, thuc hicf:n giai muyc nudc ¢ va van toc u (thanh phan van
toc theo phuong x) an, van toc v (thanh phan vén toc theo phuong y) duoc giai hién. Sau do
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ket hop gidi xen ké nong do C (voi cac thanh phan theo phuong x giai an, theo phuongy
giai hién).

Tai nira budc thoi gian sau t+1, muc nude ¢ va van toc v duge giai an, van téc u duoc giai
hién. Sau do6 két hgp giadi xen ké nong do C (vdi cac thanh phan theo phuong y giai an, theo
phuong x giai hién).

AX
tl
. | A
j+1/2 S SR 2
.  Cg
4t
| 1 |
i1 | |
1 Tz T

H.1 Ludi sai phan
Ludi sai phan:
Ludi tinh toan ciia so d0 ADI duoc bd tri nhu sau: cac thanh phan u, v, C khong dugc tinh
trén cuing mot vi tri ciia ludi, ma sip xép xen ké nhu hinh 1.
So dd giai hé phuong trinh (1) duoc trinh by trong /5/. O déy chi trinh bay phan sai phan
hoéa phuong trinh (2).
e Gidi nong dé C cho nira buwéc thoi gian dau

wo
aC _ Ci’j _Ci,j
a A
2
()
1
t— t+—
2 +u t+l 1
A L
WLt Gt G ©)
0x 2 2Ax
Wl
V. .21 + | t
V@_C: ) XCi‘j+1_C;,j—l 7)
dy 2 2Ay
1 t-’-l t+% 1 — +%
ii[HK ic}: L U )2 ﬁ(}m )2 i G- (®)
Hox| Xox oL Ax x) 1. Ax x/. 1 AX
5] 1 ,)
.2 2 2
1] ]
- 9)
1t t 1t t (
16{HK 66}:11 ik ]”z CJH‘CJ_[HK ]”z G i
o1 o1
Hoy| Yoy] lay Vil 4y Vil oy
H. .2 2 |
L]

Sau khi thé cac cong thirc sai phan 5,6,7, 8,9 vao phuong trinh (2) va rat gon ta s& dugc

phuong trinh c6 dang:
t+% H% t+% .
aiCi—l,j + biCi,j + CiCiH,j =d,

(10)
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u,-_l,- +ui+l2j 1 )
Véi: P 2’ _ HK 2 11
a; 2% 2Ax Yy ) t+l ( x)i—%,j ( )
(Ax)' H,
b=y ! (HK )”% +(HK )”% 12
At (Ax)? i il (12)
L tad
u i +u? |
=2 1+EJ t4—
== Yy — (HK,) ? (13)
2*2Ax 9 th— i+=,j
(Ax) HLJ.2
1 1
Cl Vt+51 +Vt .21 Cl Cl S l+l 1 1 1
. 1L,J— 1,)+— A el U 2 + +—
=gy R P () (€ () (-
=t 2 2Ay H L l+E 1,]%2 1,J72
2 (Ay)'H,

(14)

Viét hé phuong trinh (10) véi i=2 d&én n-1, ta thu dugc hé gom n-2 phuong trinh, n 4n sb
dang ba duong chéo. Cung voi hai didu kién blen dau va cudi, ta giai hé phuong trinh trén
bang phuong phap truy dudi

e Gidi nong d C cho nira buéc thoi gian sau
Van theo trinh ty nhu trén, nhung ndng d6 C theo y dwoc gidi an (tai budc thoi
gian t+1), con theo x giai hién (tai t+1/2).
e Picu Kkién bién ciia bai toan:
L X s yen ¢ OC \ , A ge1a
Cdc diém trén bién ran: o 0 (n 1a phuong phap tuyén vdi bién)
Cic diém trén bién long:

Day 14 bai toan ma trén bién 1ong, diéu kién bién vé& dong chay cho dudi dang tong dao
ddng cua cac song tricu, cho nén c6 nhitng thoi diem nudc sé chay ra, vao hodc song song
bién. B¢ 101 gidi s6 dugce tot hon (khong xuat hién nghiém am trong vung tinh toan gan bién
long khi dong chdy ra khdi bién, hay dong bun cat chay vong nhu khi dung bién cting, ta can
xu 1y diéu kién trén bién long that hop ly. O day, tac gia dé nghi xur 1y diéu kién nong do trén
bién nhu sau:

* Khi nudc chay vao mién tinh: ndng do dugc cho trude C = Cy(t)

. r o [N 9 \ A A A A 7 7t 1t A M aC

* Khi nudce chay song song bién 16ng (thanh phan van téc vuong goc vai bién bang 0): p 0
n

2

* Khi dong chay tir mién tinh huéng ra thi st dung diéu kién ‘; f
S

=0 /6/. Khi d6, ndng do tai

bién duoc tinh théng qua quéa trinh tai, (qua trinh khuéch tan dwoc bo qua trong budc tinh
nay). Nong d6 chét tai bién 1a nghiém cta phuong trinh tai va tinh duoc theo phuong phép
duong dac trung theo cong thuc C, =C,

Véi: Cp - ndng do tai diém can tinh (¢ budc thoi gian sau).

Ca - nOng d6 tai chan dudng dic trung tai budc thoi gian truéc s - phuong chuyén
dong cia hat tir 16p thoi gian trudc dén 16p thoi gian sau, dugc ch?ip nhan xac dinh theo
phuong ciia van tdc tai diém trén bién trong két qua tinh toan ctia mé hinh dong chay, kéo vé
16p thoi diém trudc.

Nhu vay, véi cach xir Iy bién nhu trén ta ¢6 thé tranh dwoc nhitng truong hop nghiém am
C trong mién tinh va vat chat dugc theo dong chay ra ngoai mién tinh.
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4. KIEM TRA MO HINH TOAN

Mo hinh dong chay da duoc kiém tra voi nghiém giai tich va trinh bay trong /5/. Sau déy la
phan trinh bay cac két qua kiém tra m6 hinh chuyén tai bun cat.
e Loi gidi gidi tich hé phwong trinh chuyén tai:

Trong truong hop mién tinh dong nhit, co chiéu sau khong déi, van toc u, v =const, h¢ sO
khuyéch tan roi Ky, Ky =const, c6 mot nguon tirc thoi do vao mién tinh véi khoi lugng M, hé
phuong trinh (2) c6 nghiém giai tich nhu sau / 1, 2/:

_ —ut 2 _ —vt 2
exp _(x=x,-ut) (Y-, ) —Bt
4m, K K t 4K t 4Kt H
Trong d6: M 1a khoi lugng bun dugc d6 vao diém toa dd (xo, yo) trong mién tinh bét dau tai
thoi diem t>0.
Céc ky hi¢u khac da dugc giai thich ¢ trén.

c(x,y,t)= (15)

Tinh téan duoc thuc hién cho mién tinh vudng c6 do sdu khong d6i bang 5 m, kich
thude 3000mx3000m, v6i Ax=Ay=50m, van tdc ling dong D=0,00002 m/s, AT=10s, ngudn do
vao mién tinh tai vi tri (xe=3Ax; yo=57Ay) c6 khi lugng M=2500 kg.

M0 hinh dugc ap dung tinh thuc nghiém cho 3 truong hop:
1. Ky=Ky= 4m?/s; u=v=0,1 m/s.

2. K,=6m’s; K,=4m’s; u=0,2 m/s; v=0,1 m/s.

3. Ky =4m%s; K,=6 m%/s; u=0,1 m/s; v=0,2 m/s.

- Cac két qua tinh dugc trinh bay dudi dang cac duong dong mirc ndng do lan luot tai 4
dieém thoi gian (t=0,5 gio; 1 gio; 1,5 gio; 2 gid) th mo hir}h (hinh 2,4,6) va tir nghiém giai tich
(hinh 3,5,7) . Céc hinh v€ twong tng trong cac hinh nay rat giong nhau.

*50m *50m

5 10 15 20 25
60 t 0 12 15 2 2 50 6O,T \ | | | \ —» *50m

H.6 Cac dudong déng mirc ndng d6 (kg/m*) H.7 Céc dudng ddng mirc ndng do (kg/m’) bun cat:
bun cat: a) sau 0,5 gid tinh toan lan truyén
a) sau 0,5 gio tinh toan lan truyén b) sau 1 gi¢ tinh toan lan truyén_
b) sau 1 gid tinh toan lan truyén ©) sau 1,5 gio tinh toan lan truyen

d) sau 2 gio tinh toan lan truyén
Loi giai bang nghiém giai tich
(u=0,1 m/s; v=0,2 m/s; Kx=4m?/s; Ky=6 m?/s)

¢) sau 1,5 gio tinh toan lan truyén

d) sau 2 gio tinh toan lan truyén

Loi giai bing mé hinh toan

(u=0,1 m/s; v=0,2 m/s; Kx=4m?/s; Ky=6 mz/s)
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*50m
5 10 15 20 25
6% | | | | s *50m
55—
50—
45— d
40—
35—
H.2 Céc dudng dong mure ndng do (kg/m’) bin cat: .
a) sau 0,5 gi¢ tinh todn lan truyen b) sau 1 gio tinh toan lan truyén
¢) sau 1,5 gi¢ tinh toan lan truyen d) sau 2 gi¢ tinh todn lan truyen
Loi giai bang mo hinh toan
(u=0,1 m/s; v=0,1 m/s; Kx=Ky=4 mz/s)
*50m
25
| — *50m
d

35—

H.3 Céc duong ddng mirc ndng d6 (kg/m’) bun cat:

a) sau 0,5 gio tinh toan lan truyén b) sau 1 gid tinh toan lan truyén
¢) sau 1,5 gid tinh toan lan truyén d) sau 2 gid tinh todn lan truyén
Loi giai bang nghiém giai tich
(u=0,1 m/s; v=0,1 m/s; Kx=Ky=4 m?/s)
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*50m
5 10 15 20 25 30 35 40
60 \ \ \ \ \ \ \ L *50m
55—
" / C
Q.
o)
45- o d
40—
H.4 Céc duong d(‘”)ng‘mtrc nong do (kg/m’) bin cét; ‘
a) sau 0,5 gio tinh todn lan truyén  b) sau 1 gio tinh todn lan truyén
¢) sau 1,5 gio tinh todn lan truyén d) sau 2 gio tinh todn lan truyén
Loi gidi bang mo hinh toan
(u=0,2 m/s; v=0,1 m/s; Kx=6m/s; Ky=4 m’/s)
*50m
5 10 15 20 25 30 35 40 £50m
60 \ \ \ \ \ \ \ \ >
55+
50+
45+
40+

H.5 Chc duong dong mic nong do (kg/m’) thé tich bun cat sau:
a)sau 0,5 gio tinh to4n lan truyén  b) sau I gior tinh toan lan truyén
¢)sau 1,5 gio tinh to4n lan truyén  d) sau 2 gio tinh toan lan truyén

Loi giai bang nghiém giai tich
(u=0,2 mv/s; v=0,1 m/s; Kx=6m’/s; Ky=4 m%/s)
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5.KET LUAN

Céc két qua thu dugc tir mo hinh phu hop vé6i két qua tinh tir nghiém giai tich. Diéu nay
khang dinh d¢ tin cay cua mo hinh. M6 hinh dugc 4p dung tinh chuyén tai bun cat cho viung
bién Can Gio. Cac két qua nhan dugc se dugc trinh bay trong bai bao tiép theo.

MATHEMATICAL MODEL OF COHESIVE SEDIMENT
TRANSPORT IN THE SHALLOW SEA BASIN
PART 1: MATHEMATICAL MODEL

Nguyen Thi Bay @ Mach Quynh Trang @

(1) University of Technology — VNU- HCM
(2) University of National Sciences, VNU-HCM

ABSTRACT : The aim of this study is to develop a method of calculation for cohesive
sediment transport in the shallow sea basin due to tidal movements. The research is based on
the Reynolds equations averaged over depth and the suspension transport equation, the later
includes a source function describing the processes of stirring-up and deposition of the
sediment. The results of computations for a simple case are verified by an analytic solution.
The results obtained from this model is similar to those from the analytic solution.
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