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TOM TAT: Bai bdo trinh bay viéc tinh todn dong chay trong mang song rach Can Gio
bdng mé hinh todn s6 hai chidu. Mé hinh dwoc thiét ldp dwa trén viéc giai phwong trinh Saint
_ Venant 2 chiéu theo phuong phdp thé tich hitu han trén ludi phi cdu tric. Kiém tra véi cdc
bai todn mdu cho thdy mé hinh cé dg chinh xdc khd cao. Két qua tinh dong chay trong song
rach Can Gio ciing rdt khop véi cdc s6 liéu do. Ngodi ra két qua tinh con cho thdy mét so déc
trung cua dong chay ¢ khu vuc nay.
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1. GIOI THIEU

Cin gits 12 huyén ven bién thudc Tp. Hb Chi Minh va ¢ hé théng séng rach khé phirc tap.
Nhiéu tic gia da nghién ciru tinh toan dong chay & ddy nhung chu yéu ding mé hinh toan 1
chiéu. Mot s it tic gia ding m6 hinh 2 chiéu nhung gi6i han trong mét doan séng ngin. Bai
bao ndy s& trinh bay viéc tinh toan dong chay trong mang song rach Cén Gidr va ving bién lan
cén bing m6 hinh toan s6 2 chiéu. N6 cho phép mé ta chi tiét dong chay dong thdi trong ca hé
théng song rach, ddng thoi ciing xét dén tuong tac song bién va su tac dong cia nhiéu yéu t6
khéc nhau. Két qua tinh dong chay & Cin Gid duge so sanh vé6i sb liéu thuc do va cho thiy c6
~ do tin cdy cao. M0t s0 dic trung clia dong chdy tai Cin Gio ciing da dugc tinh toan dénh gia.

2. MO HINH TOAN SO

2.1 Phwong trinh co ban

Dong chiy trong séng rach va & viing bién Can gior duoc coi 12 2 chidu nuéc néng va duge
mb ta boi phuong trinh Saint — Venant 2 chieu. Du6i dang bao toan va trong h¢ toa do
Descartes vudng goc phuong trinh ndy dugc viét nhu sau:

on %4, %, _ 0
ot ox Oy

ERCORON 2
e =b(g) @

Trong d6: n - cao d§ mit nudc; q=[qx,qy]T = DU - vector luu lugng don vi;
U= [ux,uy]r— vector vén téc trung binh chiéu sau; D — d§ sdu; f(q)=¢q,U-4,DdU/ox —
vector thong lugng theo phuong X; g(q): q,U—-4,D dU/dy - vector thong lugng theo

B
0 T on Ty ¢
phuong y; b(q)= [—gD—ﬂ--——+—‘£+fqy,—gD'—ﬂ-i+ﬁ—fq,} ~ vector
p P & p P
ngudn; f— tham sb Coriolis; Tux va T,y — hai thanh phén (g suat tiép trén mit nudc do giod; Tex
v Ty, — hai thanh phén (mg suat ma st ddy, dugc tinh theo cong thirc Manning:
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T T gn’ P
(5 ) Bt ®
n — h¢ s6 nhim Manning; 4y — hé s khuéch tén (dispersion coefficient), dugc tinh theo
cong thirc Elder [6]:
4, = 6u.D @
Vi u. - vén téc ma sét (ul = T, / P, v6i 7, 14 (g suit ma sat day ma hai thanh phén trén
hai tryc ciia n6 duge tinh theo (3)). Cac phuong trinh (1) va (2) dugc gidi véi cac diéu kién
bién nhu sau. Trén bién cung:

g, =0 va He 5)
on

Trén bién ho:

q, = fl(t,s) hoic 7 =f, (r,s) va dq, [on =0 (6a)

va g, =f(t,s) hoic &g, /on=0 (6b)

Trong d6 t va n 14 cic phuong tiép tuyén va phép tuyén véi bién; s 1a toa do doc theo
dudng bién cha diém tinh toan. Str dl,u}g cac diéu kién bién dao ham doi hoi bién cua bai toan
phai dugc xédc dinh & noi dong chay bién déi cham.

2.2 Phuwong phip giai

2.2.1.Lu6i phi ciu tric

Céc phuong trinh (1) - (2) dugc giai theo phuong phép thé tich hitu han trén uéi tinh phi
chu tric tir giac nhur trinh bay trén hinh H.1. Muc nuéc dugc tinh tai cdc niit con luu lugng don
vi duge tinh tai diém giira canh coa cac phén tir.

Hinh H.1 luéi tinh phi cAu tric
ib— - Vitri tinh q; O-Vitritinh 7

2.2.2.Tich phan phuong trinh lién tuc (1)
Phuong trinh (1) dugc tich phan trén dién tich kiém soat xung quanh nut C (hinh H.2). Sau
do sir dung céng thic bién doi tich phan Green, dugc:
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8
Sja—’t’ds+ ;[q,,dz =0 (7

Trong d6: S va L — dién tich kiém soat va chu vi kiém soat; g, — thanh phén trén phuong
phép tuyén ctia luu luong don vi trén chu vi kiém soat.

Thyc hién tich phan sb c4c tich phan trén va sai phin biéu thirc dao ham theo thoi gian ta
dugc biéu thire tinh myc nudc tai nit & thdi diém tinh todn n+1/2:

n+ n- At n
et =ne" v =2 a5, (8)
J

Véi et - mye nuée tai nut C (tdm dién tich kiém soat) & thoi diém n+1/2; ;- chiéu dai
canh thir j ctia chu vi kiém soat; ¢ - thanh phin trén phuong phép tuyén cua luu lugng don
vi & thoi diém # trén canh thir j clia éhu vi kiém soét.

2.2.3.Tich phédn phwong trinh dong lwgng (2)

Phuong trinh (2) ciing duge tich phan trén dién tich kiém soat xung quanh canh ict (hinh
H.3), két hop vdi cong thirc bién doi tich phan Green, dugc:

Jz—(t] as + i[F(q)nd:’ = Jb(q)dS Q)]

Hinh H.2 Dién tich kiém soét ctia 7 Hinh H.3 Dién tich kiém soét clia q

Vé6i F(q)n — thanh phin trén phuong phap tuyén ciia vector thong lugng trén chu vi kiém
soat, trong d6 F (q) = [f (q), g(q)]r . Biéu thirc ciia né nhu sau:
ou

F(g)n =F,(a)=q,U-4,D— (10)
S6 hang ngudn dugc phan tich thanh:
b(q)=r-sq (s>0) (11)
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Véi
on 7,
"Dt -
i _ 3, .2
s on Ty P A= D 9= +4q, (12)
~ghl =gt fly
¥y p
Thyc hién tich phan s6 céc tich phén (9) va sai phan biéu thirc dao ham theo thoi gian:
ntl _ _on
SqC‘ = qdc +ZFnj(qn}j =S.(I'"+Sqn+l) (13)
J

Tir d6 ta s& rit ra biéu thirc tinh lwu lugng don vi & thoi diém tinh todn n+1:

1 qg"'At-r”_’%{anj(q"yj

n+l J

e 1+ s5.At W)
(14) cho phép tinh c4c thanh phin cua q trong hé toa d§ Oxy. S& tién loi hon cho viéc sir

ly bién va tinh todn gradient muc nuée khi (14) duge déi sang tinh trong hé toa do dia phuong

(OEC) ctia céc canh (xem hinh H.3). Dé thyc hién diéu nay, (14) s& duoc nhan v6i ma tran

chuyén do6i hé toa dd T dé thanh:

Q. +ArE” —%ZF,U.(?;"")I}
J

—n+l

= 15
e 1+s5.At (1)
Trong do:
G=lg..q.] =T.q | (163)
U=[v,,u,f =T (16b)
s . ou
F,(@)=TF,(q)=q,0-4,D_~ (16¢)
—-gD 677 fxty fa,
F=Tr= af; : (16d)
-gD—+—— f
&g p F
Va: .
T Cosp  Sing ‘ a7
—Sing Cosg

Trong (16c¢), vector van téc U trén chu vi kiém soat dugc ndi suy theo so 6 Upwind bac
2. Ching han dbi véi diém j, trén hinh H.3:
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L (sz—xicr)+?é"yq (yj'z"y;c,) khi q, >0
U. = ict “r'ct as)
]—jm +—5x—m(x” _xi“)+%-]_ics(yj2 —yr'cs) khi q, <0

Pao ham ciia vector van téc U theo phuong phap tuyén trén chu vi kiém so4t ciing dugc
tinh:
o0
on

50

P Ox

i i (19)
Jj2

72
bé thye hién cac phép dao ham trong (18) va (19), ham xép xi cia vector vén toc U trén
tirng phan tir da dugrc thi€t 1ap.

So db Upwind bac 2 cho phép giai phuong trinh dong luong (2) voi do chinh xéac cao. Tuy
nhién han ché cua n6 14 so dd khé én dinh & s6 Peclet 16n (Pe = V.As/ A, ), kho ap dung cho
céc bai toan ¢ kich thude 16n. Do véy so dé Upwind béc 1 ndi suy vector van téc U trén chu
vi kiém soét cling dugc xét toi:

ﬁ - f]:J'r:r khl qn 2 0

210, khi q,<0

ics

(20)

3. KIEM TRA MO HINH

3.1 Tia phun vao hd chira tron

Dong chay 6n dinh gdy ra do nudc tir kénh nh6 phun thing vao bé chira hinh trdn c6 thé
coi 12 mdt md hinh cia dong chay & ngé ba song. Bé chira c6 ban kinh R=0.75m. Kénh din
vio va kénh din ra & 2 phia déi dién c6 bé rong b=0.157m, dai 0.3m. D) sdu day bé chira va
kénh khong déi h=0.1m. Hé s khuéch tan duoc ldy Ay=0.00078m’/s. Van tbc & cira vao dugce
4p dat theo quy luat phan bd parabol:

U =1.5U,1- y*/(6/2) @1

Hinh H.4 Ludi tinh
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Véi U=0.1nvs. O cira ra, muc nudc duc_rq ap dat b?mg khéng. Trén thanh rén, didu kién bién
khoéng t'ruot cting dugc sir dung. Théng s6 ciia bai todn ndy giong nhu d3 dugc tinh todn bai
Borthwick va Karr [1] theo phuong phap sai phén hitu han trén ludi cong.

e e ettt = S S

ut = v e

......

T s
gt

a) Tinh toan b) Borthwick va Karr

Hinh H.5 Vector vén toc

Mién tinh duoc chia thinh 3744 phén tir ttr gide (hinh H.4), tuong duong véi luéi tinh 61x61
cua Borthwickva Karr. Budc thoi gian tinh 1a At=0.012s. Hinh H.5 1a vector vén toc. C6 2
xody ngugc chiéu hinh thinh hai bén dong chay, tring khép véi két qua tinh todn boi
Borthwick va Karr. Hinh H.6 trinh bay biéu d6 phan b6 van téc trén mit cit ngang gifra bé
chira. Tai tdm be, sai biét giira ket qua tinh v6i ket qua cta Borthwick va Karr 1a 7.8%. Trong
trudng hop tinh toan theo so @b Upwind bac 1, phin bd véan tdc s& kém nhon hom, sai biét so
vd&i k€t qua ciia Borthwick va Karr s& 1a 22.7%.

1 1 L 1 1 L 1 L 1 |
=== Tinh toan (Upwind ZJ

0.64 o = = Tinh toan (Upwind 1)
< < o
0.4+
5 02
0.0,

0.2 T T T T T T T T T
-10 -08 06 04 -02 00 02 04 06 08 1.0

y/R
Hinh H.6 phin b6 vén _téc trén mit cit
ngang giira bé chira
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05 0 05 1
X(m)

Hinh H.7 Vin tc dong chay

i
00 05 1.0 15
X (metera)

Hinh H.8 Muc nuéc trong kénh
a) Tinh toan; b) Molls va Chaudhry

3.2 Dong chay trong doan kénh cong

Song tu nhién cé nhiéu doan cong. Do viy tinh toin dong chay 6n dinh trong doan kénh
cong ciing 1d mdt phép kiém tra kha ning sir dung mé hinh cho céc bai toén thyc té. Kénh
kiém tra c6 mit cat ngang chir nhat, rdng 0.8m, cong 180° vé"i ban kinh thanh trong 0.4m;
Kénh din vao va ra thing. Kénh c6 luu luong 13 0.0123m’/s, s6 Re=15600, s6 Fr=0.11 va s
Chezy 1a 60m®/s (hé sé nham n=0.0103). Déy la trudng hop di dugc Rozovskii [2] nghién
ciru béng thi nghiém va dugc Molls va Chaudhry [3] tinh todn bang mé hinh toan 2D va
Leschziner va Rodi [4] tinh toan bang md hinh toén 3D.

Mién tinh bao gdm doan cong 180° va 2 doan kénh dén vao va ra dai 0.5m dwoc chia thanh
28x20 phan tir, trong d6 tai khiic cong budc luéi c6 AB=9° gibng nhur Molls va Chaudhry. Tai
bién vao, luu lugng Q=0.0123m"/s phin bd déu dugc 4p dit. Trén bién ra, mue nude duge ndi
suy tuyén tinh tir 5,60cm tai thanh trong t6i 5,67cm tai thanh ngodi, twong tmg véi sb liéu thi
nghiém ciia Rozovskii.

Hinh H.7 va H.8 12 phan bd vién téc va myc nudce trong kénh. Hinh H.9 1a d¢ sau doc hai
bén thanh kénh, con hinh H.10 12 phn b6 v4n tbc trén 3 mat cét ngang kénh. Két qua tinh kha
trung khép véi ket qua thi nghiém ciia Rozovskii va ¢é d chinh xdc khéng thua cic tic gia
khac.
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6.4

8.2

Thi nghiem (thanh trang)

A Thi nghiem (thanh ngoai)
— Upwind bac 2
} === = Upwind bac |

=+ = Molls & Chaudbry (2D)

‘\ “w e Leschziner & Rodi (3D)
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Hinh H.10 Phan bd vén tdc trén cic mit ct ngang kénh . )
(Symbol: thi nghiém; Pudng lién: Upwind béc 2; Buong gach: Upwind bz_:c_: 1;
Budng chdm gach: Molls & Chaudhry (2D); Dudng cham: Leschziner & Rodi (3D))
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Hinh H.11 Luéi tinh séng rach Cén Gid
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4. TINH TOAN DONG CHAY TRONG SONG RACH CAN GIO

Cac sdng rach chinh tai Can Gi& 12 Soai Rap, Long Téu, Ddng Tranh, Thi Vai... va ving
bién ph1a truée dugce chia thanh 5484 phén tir tir gide v6i 6587 nit (hinh H.11). Bé ngang song
luén co6 4 phan tir. Dia hinh 1ong song tham khao tir tai liéu cia Vién KHTL Mién Nam, con
dia hinh d4y bién dugc 14y theo Hai do ctia Hai Quén.

Tinh toan dugc thuc hién cho khoang thoi gxan tir cudi ndm 1993 t6i ddu nam 1994 va két
qua tinh dugc so sanh v6i sb ligu do luu lugng va muc nuée coa Vién KHTL Mién Nam [5]
Cbé6 dlem do nim trong viing Can Gid va dugc chi ra trén hinh H.11. Muc nudc bién tai cac
mit cit thugng luu trén song Pdng Nai va song Vam Co dugc ap dt theo sé ligu do dac, con
muc nudc trén bién bién dugc tinh tir cac hﬁng s6 thily triéu Viing Tau. Luu lugng tai mat cét
thuong luu séng Thi Vai va Go Gia cho bing khéng. Muc nudc tai cira song Dinh dugc liy
theo Viing Tau nhung dugc lam tre pha 25 phit. Gi6 gi6 thinh hanh Tai Viing Tau trong thoi
gian nay 1a gi6 Pong-Béc véi van tbc 2.9m/s ciing dugc ap dit.

Budc théi gian tinh At=2.4s va so d6 ndi suy Upwind bac 1 dugc sir dung nhim ting d6 6n
dinh ctia chuong trinh. Tinh todn dugc thyc hién trén may PC - 3GHz va toc d¢ tinh la 30 phut
cho 1 ngay.

Hinh H.12 va hinh H.13 cho théy luu lugng va myc nudc tinh todn tai cac mat cét rit kh6p
v&i sb liéu do. Cac so lidu théng ké luu lugng trung binh tai cdc mit cit cho trong bang B.1
ciing khé khép véi sb ligu thuc do.

Bang B.1 Luu lugng trung binh tai mot s mit cét trong 3 ngay tir 28/12/1993

Luu lugng trung D1 D3 D4
binh (m*/s)

Tinh toan -141.2 | 359.3 | 505.9
Thuc do [5] -148.5 | 4185 | 554.7
Sai s6 49% | 14.1% | 8.8%

1=

§ ] £

G 5000 2-1- v b od
~ | a)bD2

M'M'“'“'A‘l‘l‘lll!p
!-¥-9-Y-‘ Y 4

Q, mis

%?

b) D3

c)m

g o - LABAARAAWATAWATABATAWAYL
e i, . N
B e M A A e o o o B o o o o o S o e e -3 T T
60 24 144
“s6 gltr i 13h ngay 28;12;1993 sé guc:- tir 12h ngay 23f12/1993
Hinh ;H.12 Luu lurong tai cic mat cit Hinh H.13 Myc nuéce tai cac diém
Dudng lién — tinh toan; Symbol - do dac [5] Pudng lién — tinh toan; Symbol — do dac [5]
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4"

Hinh H.14 Vector vén t6c trén séng Long Tau va song Ddng Tranh

Két qua tinh cling cho hinh anh dong chay trong cc song rach. phéng han trén hinh H. 14
1a dong chay trén song Long Tau va séng Pong Tranh vio thoi diém triéu xudng. Ta co thé
thiy trén song Ddng Tranh c6 1 gidp nudc. Tir giira séng, nudc da thoat vé 2 phia.

Dé danh gi4 anh hudng cla gié mua 1én dong chay, mot tinh toan khac di dugc thuc hién
trong cung thoi gian trén nhung gié ¢6 huéng Tay — Nam véi van tée 2.9m/s. So v6i trudng
hop trude, gié ddi chiéu lam luu lugng trung binh trén séng Long Tau theo chidu chay ra giam
tir 359.4m’/s xubng 342.7m’/s (giam 4,6%) con luu lugng trung binh trén song Soai Rap theo
chiéu chay 1én ting tir 141.2ms 1én 164.4m’/s (tdng 16,4%). RS rang gi6 c6 anh hudng manh
1én dong chéy trung binh & Cén Gid.

5. KET LUAN

Két qua tinh todn thir nghi¢m dong chay trong mang séng rach Cin Gi& ¢6 d6 chinh x4c
khé t6t, dong thoi te o tinh toan ciing khé cao. Diéu nay cho phép két ludn-viéc six dung mé
hinh toén 2 chiéu trong tinh to4n dong chay clia mang séng rach ving ndy cho cic img dung
thyc t€ 12 hoan toan hién thyc. K&t qua tinh ciing cho thdy wu diém ciia m hinh 2 chiéu 1a ¢6
thé cho thy cau tric tinh vi hon ctia dong chay, mé phong duge su tuong téc séng bién va cac
y€u t6 tac dong khac.
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NUMERICAL CALCULATION OF FLOW IN RIVES AT CAN-GIO

USING TWO-DIMENSIONAL NUMERICAL MODEL

Le Song Giang, Tran Thi Ngoc Trieu
University of Technology, VNU-HCM

ABSTRACT: This paper presents the calculation of flow in the river network of Can
Gio using 2D numerical model. This model is based on solving 2D Saint — Venant equations
by finite volume method on unstructured grid. The test with benchmarks showed that the model
has a high accuracy. Computational results of flow in Can Gio were also in good agreement
with field data. In addition, the calculation represented several specific characteristics of flow
in this region.
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