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bang mé hinh toan sé 3 chiéu
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TOM TAT

Boi xdi, long dan va sat 16 ba la nhiing qua trinh xay ra véi long séng va la nhiing van dé cé lién
quan mat thiét téi dan sinh va xa hoi. Cu lao Rua thudc xa Thanh Hoj, thi xa Tan Uyén, tinh Binh
Duong la mét trong nhimg khu vuc sat & nghiém trong & ving ha du séng Béng Nai. X6i 16 bd
séng tai CU lao Rua ndi chung da dién ra tur lau va téc do xoi 16 bd da gia tang sau khi cong trinh
thay dién Tri An di vao hoat dong va hoat dong khai thac cat Iong soéng, tang téc. Hién nay Cu lao
Rua dang ding trudc nguy ca bi cét ra lam hai tai vi trf ¢ rua. Vi vay nghién cltu xéc dinh co ché
va nguyén nhan sat I& Cu lao Rua dé tir d6 chi ra giai phap chéng sat & hiéu qua la cap thiét. Mot
ma hinh toan sé 3 chiéu da dugc xay dung cho doan song tai Cli lao d€ nghién clu cau trdc dong
chay & day. Mo hinh dugc hiéu chinh véi s6 liéu thuc do nam 2017. S dung mé hinh dong chay
toan bod doan séng da dugc tinh todn moé phong. Két qua tinh toan da cho thay ré nét cau tric 3
chiéu ctia dong chay tai doan séng, dac biét la tai cdc doan cong thudng xay ra sat 16. K&t qua tinh
toan cling da cho thay phan bé Ung sudt tiép day trén doan séng, mot thong sé ¢ y nghia quyét
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dinh t&i qua trinh béi x6i long song.

Tur khoa: CU lao Rua, séng Béng Nai, mé hinh dong chdy 3D, phuong phap thé tich hiu han

GIGI THIEU

Cu Lao Rua (ct1 lao Thanh Hoi) 1a mot dia danh thudc
x4 Thanh Hoi, thi x4 Tan Uyén, tinh Binh Duong dugc
bao boc bsi dong chay chinh ctia song Pong Nai va
dong chay phu té nhanh bao tron ct lao nhap vao
dong chinh va chay xudi vé Sai Gon. Cu lao nay la
mot trong nhiing khu vyc sat 16 nghiém trong & viing
ha du s6ng Béng Nai. Mot trong cac nguyén nhan
gay ra sat 16 1a doan song nay uén khuc quanh co lam
dong chay c6 nhiéu chd ép sat bo va gay x6i ham éch.
Hién nay trén toan by Cu Lao Rua c6 khoang 7 diém
sat 16 v6i tong chiéu dai 2.5 km, trong d6 doan hep
nhit ctia cti lao Riia goi 1a "c6 rtia” bi x6i 16 tit hai phia,
chiéu rong chi con khoang 85m. Sat 16 khong nhiing
lam mat dét, phd v& cc co s¢ ha tdng nhu dudng giao
thong, nha clia ma con anh hudng 16n dén tam ly, doi
s6ng, tham chi 14 tinh mang ctia nhiéu h¢ dan'.

Dé nghién ctiu dong chay, ngudi ta thudng dung hai
phuong phap 1 phuong phéap thuc nghiém va phuong
phép tinh toan. Déi véi phuong phap thuc nghiém,
ngudi ta do cc thong s6 ctia dong chay nhu van tdc,
muic nudc... ngoai thuc dia hodc trén moé hinh vat ly
thiét 14p trong phong thi nghiém. Trong phuong phép
tinh toan, nguoi ta tién hanh giai cac phuong trinh vi
phén mo ta chuyén dong va ciing tim dugc cic thong
s6 kia. Tuy nhién do han ché ctia todan hoc, ngudi ta
chua c6 thé giai chinh xdc cdc phuong trinh vi phan

nay ma phai gidi gin ding va phd bién nhat la giai
bang phuong phép todn s6. D€ gidi todn cho mot dong
chay cu thé, ngudi ta cling phai thiét lap mo hinh cho
n6 va goila mo hinh toan. Piém yéu ctia phuong phép
mo hinh todn so v6i phuong phap thuyc nghiém la do
chinh xdc nhung n6 c6 diém manh la chi phi thdp va
thoi gian di t6i két qua thudng 1a ngan. Cung véi su
tién bo ctia khoa hoc, cac phuong phap tinh ciing ngay
cang dugc hoan thién dé€ gia ting d¢ chinh xdc va mtc
do phtic tap ctia bai toan. Diéu d6 dalam cho phuong
phdp md hinh todn trd nén ngay cang dugc st dung
phé bién.

Viéc m6 phong dong chdy qua cac doan sdng cong
bang mo hinh todn da dugc thuc hién bai cic tac gia
khac nhau ? nhung chit yéu bing m hinh 2D ctia bo
phan mém MIKE. ( bai bao nay nhom tac gia sé trinh
bay mo hinh tinh todn dong chay qua cac doan song
cong béng mo hinh 3D dugc phét trién bdi nhom tac
gid c6 thé mo ta cdu tric dong chay chi tiét hon.
Muc tiéu cuia bai bdo la trinh bay mdt nghién ctiu
vé khdo sat ciu tric dong chdy ctia song Dong Nai &
khu vic Cu lao Rua bang mé hinh todn s ba chiéu.
Nghién cttu sé chi ra dugc sy gia ting bét thuong ctia
van t6c va ting sudt ma sat ddy & nhiing doan song

cong ting so v6i nhiing doan song khac.

Trich dan bai bao nay: Giang N M, Hong T T M, Pha V L, Giang L S. Nghién ctu dong chay khu vuc
Cu Lao Rua trén séng Dong Nai bang mé hinh toan sé 3 chiéu. Sci. Tech. Dev. J. - Sci. Earth Environ.;

6(1):507-513.
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PHUONG PHAP NGHIEN CUU VA
MO HINH TOAN

Phuong trinh co ban

Trong nghién ctiu nay, mét mé Hinh 3 chiéu (3D)
da dugc thiét 1ap. Pay 1a mo hinh chi tiét nhat, cho
phép nghién ctiu dong chay trong khong gian 3 chiéu.
Mo hinh dugc thiét 1ap bang phdn mém F28 3 da duge
tich hgp thém module 3D. Trong mo6 hinh nay, dong
chay dugc giai ti phuong trinh dong chay ba chiéu véi
gia thiét thuy tinh. Trong hé toa d6 bién déi “sigma’,
phuong trinh dugc viét:

aD 9qs
9D 990 _ 1
5 +Vs(q)+ 96 0 (1)
d
a—f Vg [qU — DAV U]

Ay U @)

- E%} =—gVsn+DF

)

+% [QGU
Trong d6: N - muc nuéc; U = [uy, uy] T _ hai thanh
phén van téc ctia dong chay trén phuong ngang; ® —
thanh phén van tdc trén phuong thing diing “sigma”
q= [qx, qy]T = DU va g = Dw; D - 30 sau; Vo
- todn td vi phén trén mat phing “sigma”; F - vector
ngoai luc; AH va AV - d6 nhét r6i.
Do nhét r6i ngang, Ay, dudc tinh theo Smagorin-

sky*:

Ap = (3)

CAxDy {(%)ﬁ (2) +3(%+ %)2} )

Hé s6 C nam trong khoang 0.01 - 0.5. DY nhét réi theo
phuong diing, Ay, dugc tinh theo m6 hinh Prandtl-
Kolmogorov (1942):

Ay =CyLvk (4)

Trong dé C;l - hing s6 mo6 hinh, xac dinh trong qua
trinh hiéu chinh mo hinh; L - chiéu dai x4o tron; k -
dong ning rdi. Cac thong s6 nay dugc ldy theo Davies
va Gerritsen® nhu sau:

= @) mewra-n] @

L=xD(1-h)vVh (5)

k=

V6i ¢y 0.09 - hang s6 mo hinh; k = 0.4 - hang s6

Karman; u} - vin t6c ma sit trén mit bién; ui -

dang stia chiia ctia vin tdc ma sat ddy u,, trong dé
ub = max (G, u,p); s - gid tri trung binh ctia cac
van tdc ma sat tinh tif van tdc tai cdc mit ludi trén
duong thuy truc néu bién dang vén téc 1a logarit; va
h=(n—z2) /D - 4 sau tuong d6i. C;l trong tinh todn
nay dugc 14y béng 0.1.
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Trén mit thoang (o = 0)

®w=0 (6)
Ay [0 0
Ev |:£7 %] = (T()Xv T()y) /pO (7)
Tai day (o =-1):
0w=0 (8)
AV 3u 81} . 2 2 0.5
5 {%7 %} =Cp (u +v ) (u,v) 9)

Trong d6 Cp 1a hé s6 ma sat ddy va dugc tinh :

K 2
= LH(AZO)} 1o
V6i A - khodng cch tit mat lugi dau tién t6i day; va zg
- thong s6 nham. Céc phuong trinh (1) va (2) dugc
giai bing phuong phép thé tich hitu han theo so d6
dugc gi6i thiéu trong tai liéu®

Mé hinh Cu Lao Rua

Luéi tinh

DPoan sdng Bong Nai khu vic Cu lao Rua dugc chia
thanh 7261 phan ti td giac (Hinh 1). Kich thuéc ctia
cac phan tt khoang 12 - 27m. S6 phén tt theo chiéu
ngang song trén nhanh chinh la 16 con trén nhanh
phu la 8. Theo chiéu sdu mo6 hinh dugc chia thanh 10
16p. Ludi tinh nay 13 kha min, ¢ dé€ c6 thé mo phong
mot cach chi tiét cdu tric dong chay khu viic nghién
clu.

Dia hinh day khu vuc cti lao Rua dugc tham khdo ti
céac s6 liéu khao sat bdi Vién Thay cong, thuc hién
nim 2017'. Dia hinh ddy cfia mé hinh ciing dugc
gidi thiéu trén Hinh 2.

Diéu kién bién

bé giai quyét van dé diéu kién bién, moé hinh khu vuc
Cu lao Rua da dugc tich hgp vao moé hinh hé théng
song Dong Nai (xem Hinh 1) ké thuia tif nghién ciiu
dé xuét lua chon chién lugc quan Iy ngép lut thich hop
trén co s& cac du an da, dang va du kién trién khai tai
Tp.HCM ctia Lé Song Giang”’. M6 hinh hé théng song
Dong Naila mé hinh tich hgp 1D2D trong d6 cac song
rach dugc 1am mo hinh 1D con bién va cic vung dét
ngdp triéu dugc lam mo hinh 2D. M6 hinh 1D doan
song tai Cl1 lao Rlia ctia mé hinh hé théng song Dong
Nai dugc loai bé va thay bing moé hinh 3D. Hai dau
ctia mo6 hinh 3D dugc néi vao vi tri cat bo bang lién
két siéu nut. Nhu véy sau khi tich hgp thém mo hinh
Cuilao Rua thi mé hinh cudi cting 1a mé hinh tich hop
1D2D3D.

Céc bién thuong luu cia mé hinh gom Tri An, Phudc
Hoa, Dau Tiéng va Vam C6 Ddng, Vam Co Tay dugc
ap dit luu lugng theo sd liéu quan tric. Trén bién bién
ti Viing Tau t6i Go Cong, muc nudc dugc tinh theo
quy luét tuong quan theo s6 liéu do tai tram Viing Tau.
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MANG SONG SAI GON - DONG NAI

Hinh 1: Luéi tinh mé hinh 3D séng Déng Nai doan
Cu lao Rua tich hgp trong mé hinh 1D2D hé thong
song Doéng Nai

Hinh 2: Dia hinh doan séng Déng Nai khu vuc Cu
lao Rua (don vi thang mau: mét)

Cdc théng s6 mé hinh

Dé6i v6i mo hinh thiy luc 3D cii1lao Rua, cac thong s6
mo6 hinh nhu sau: C =0.1; ¢, =0.09; Cpp, = 0.1 va z
=0.1-1,0mm. Céc thong s6 nay dugc xic dinh trong
qud trinh hiéu chinh mo6 hinh.

Budc thoi gian tinh 13 Dt = 0.6s. Mac du budc thoi
gian tinh khd nho d€ ddm bao diéu kién 6n dinh nhu
toc do tinh toan kha tét. Trén may PC Corei7 3.2GHz,
mot gid may tinh tinh dugc khoang 5 gid moé phong.

Hiéu chinh mé hinh

MO0 hinh 1D2D hé thong song Pong Nai da dugc hiéu
chinh trong nghién ctiu” va sé khong dugc hiéu chinh
lai. Trong nghién ctiu nay chi thuc hién hiéu chinh
phan mo hinh 3D. S6 liéu do béi Vién Thity Cong'!
trong thoi gian tii ngay 5 - 8/8/2017 dugc dung dé
hiéu chinh. Thoi gian nay la mta la. Mic du trén
song khong c6 1t nhung nudc & khu vyc nay hau nhu
chi chdy theo mot chiéu tif thugng luu ra bién. Dong
chay ngugc kha yéu. Vi tri hai tram do dugc gidi thiéu
trén Hinh 3.

Cac Hinh 4 va Hinh 5 gi6i thiéu két qua tinh muc
nudc va luu lugng & hai vi tri khao sat. Két qua tinh
kha phut hgp véi s6 liéu thuc do.

Hinh 3: Vi tri cac tram do muc nudc va van téc & Cu
lao Rua

.
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Hinh 4: Muc nudc tai cl lao Rua tinh toan trong thoi
gian tir5 — 8/8/2017 (dudng lién - tinh; symbol - do)

S6 liéu do ctia Vién Thity Cong ! cling cung cip phin
b van tdc trén mit cit ngang tai cac tram do & mot
6 thoi diém. Hinh 6 gi6i thiéu phan b vén téc tinh
tinh todn trén mit cdt ngang tai Tram 1 vao thoi diém
triéu xuéng manh nhit. Két qua tinh cling kha phu
hgp véi s6 liéu do. Vi cac két qua hiéu chinh nay, mo
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hinh d3 dat dugc 0 tin cy va c6 thé st dung dé tinh
toan.
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Hinh 5: Luu lugng tai cu lao Rua tinh toan trong thoi
gian tir 5 - 8/8/2017 (dudng lién - tinh; symbol - do)
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Hinh 6: Trudng van toc trén mat cat ngang tai tram
1 Itc 18h ngay 6/8/2019

KET QUA TiNH TOAN VA BAN LUAN

Trudng van téc.

Hinh 7 gi6i thiéu truong van téc trén mat thoang khi
triéu xuéng manh nhit xay ra vao thoi diém 22 gi¢
ngay 7/8/2017. Day cling la hinh anh dac trung dong
chay tai Ct1lao Rua. Trén nhanh chinh va nhanh phu
c6 nhiéu doan cong nén & nhiéu doan xuit hién cac
dong xody thii cdp va cdc khu vyc tép trung van tdc.
Hai khu vuc dién hinh trong s6 d6 dugc chi ra trén
Hinh 7.

Khu vuc 1 la chd hep nhét ctia Cu lao (thuong duge
g0i 13 ¢8 rira). Theo !, khu vic nay bi sat 1 lién tuc va
¢ riia ngay cang bi hep lai. Hinh 8 gi6i thiéu phéan
bd van toc trén cac tdng mat va tang day ctia khu vyc.
Hinh &nh cho thdy trén nhanh chinh tailan cin c6 rua
huéng ctia vector van téc trén cdc tdng khong khac
nhau nhiéu, tuy nhién d¢ 16n ctia van t6c phia bo 16m,
phia sat v6i ¢6 rtia16n hon 16 rét (khoang 25%) so véi
van téc & phia bs d6i dién. Trén nhanh phy, do ban
kinh cong nhd, dong xody thd cip c6 cuong do rat
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manh. Huéng ctia vector vén t0c trén tang ddy léch
hin so v6i hudng clia vector van téc trén tdng mat.
Hiéu ting 3 chiéu c6 thé nhin théy r6 khi xem phan
b6 van téc trén mat cit ngang song.

MANG SONG SAI GON - DONG Nl
Diong chayhue 225953 ngay 7/ 82017
—

Hinh 7: Hinh anh dac trung trudng van tc trén mat
thodng tai Cli lao Rua va 2 khu vuc c6 xody thi cap
phat trién manh

Hinh 8: Trudng van téc tai khu vuc cé rua

Hinh 9 cho théy tai mt cat 1-1, dong xody thit cdp kha
yéu. Tuy nhién truc dong luc ctia dong chay thé hién
bang thanh phan van tdc doc truc léch hoan toan vé
phia bo phai. Luu y 1 cdc dudng déng gid tri thanh
phén van t6c phap tuyén dugc chudn héa véi van téc
phép tuyén trung binh trén mit cit, V.

Hinh 10 gi6i thiéu hinh &nh dong chay trén mat cit 2-
2. Tai mat cat nay dong xody thu c4p khd manh. Dong
chay c6é van t6c khong 16n ldm nhung c6 khuynh
hudng khoét vao bg lom.

Trén dong chinh, dong chay tai khu vuc 2 déi hudng
rdt gdp (Hinh 11). Tai phia trudc doan cong, phia b&
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Hinh 9: Thanh phan van téc ti€p tuyén va phap
tuyén véi mat cat 1-1.
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Hinh 10: Thanh phan van t6c ti€p tuyén va phap
tuyén véi mat cat 2-2

161 dong chdy c6 vén téc rdt 16n. Sau khic cong, mét
xo0dy thi cdp dugc hinh thanh véi cudng do rat manh.
Céc hinh trinh bay phén b6 vén téc trén cic mit cit
3-3 (Hinh 12) va 4-4 (Hinh 13) cho thay r6 diéu nay.

—
Y MANG SONG SAI GON - DONG NAI
“\Dang chay luc 21,58 53 gay 7/8/2017
T —S N\ V=1000emis

Hinh 11: Trudng van téc tai khu vuc 2

Ung suat ma sat day.

Mot thong s6 quan trong ctia dong chay la tng suit
ma sat ddy. Thong s6 nay cd y nghia quyét dinh doi
v6i qua trinh boi x6i long dan. Mic du dé xic dinh
long song tai tiing vi tri cu thé sé boi hay x6i sé phai

Bo phai

gE5=88asE:E

g
8
g

gEEE88s8E:E

g

500 1000

Hinh 12: Thanh phan van t6c tiép tuyén va phap
tuyén v6i mat cat 3-3
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Hinh 13: Thanh phan van téc ti€p tuyén va phap
tuyén véi mat cit 4-4

cén nhiéu thong tin hon 1a chi ting sudt ma sat day
nhung ¢ muc d6 ban dau thong s6 nay c6 thé gitp
danh gia so by kha nang hoat dong ctia day. Hinh 14
va Hinh 15 gi6i thiéu két qua tinh toan ting sut tié€p
day tai thoi diém tri€u xuéng manh nhit va triéu 1é
manh nhat vao ngay tri€u cudng (7/8/2017).

Cac hinh nay cho thdy khi triéu lén Ging suit ma sat
day tai Clilao Rtia kha nho. Ngugc lai, khi triéu xuéng
ung sudt ma sat day khd l6n, ddc biét 1a tai 2 khu vuc
1 va khu vic 2 dugc néi t6i & phan trén. Ung sudt
ma sit ddy tai cac khu vuc nay c6 thé 1én t6i mot vai
N/m2, vugt ting sudt gii han x6i ctia cac loai vat liéu
day thong thuong.

KET LUAN

Bai bdo da trinh bay nghién cttu vé cdu tric dong chay
& song Bong Nai doan chdy qua Cit Lao Rua bing mo
hinh toan s6 ba chiéu. Nghién cttu cho thdy dong chay
& khu vyc Cu Lao Rua cé cdu tric 3 chiéu rit ro rét.
Tai cac doan cong xudt hién cac xody thi cap. Két qua
tinh cling tai hién dugc diéu ma cac nghién ctiu trude
day da ghi nh4n nhung bang céc con s6 cy théla trude
khi vao doan cong van toc phia bg 16i ting manh va
sau doan cong thi van t6c phia b 16m tang manh. Két
qua tinh todn ciing cho théy ting suit ma sat ddy tai cac
doan cong la kha 16n, vugt ting suét tiép ngudng xoi
ctia cac loai vét liéu ddy thong thuong. Két qua nay

g6p phan ly giai nguyén nhan sat 16 khu vuc.
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LO1 CAM ON

Nghién ctiu ndy dugc tai trg boi Pai hoc Quéc Gia
TpHCM trong dé tai “Nghién ctiu dién bién boi x4i va
sat 1 1ong dan sdong Dong Nai doan Cu Lao Riia” ma
s6 dé tai C2019-20-35.

XUNG POT LO1 iCH

Nhém téc gid cam doan ring khong c6 xung dot lgi

ich trong cong bd bai bdo “Nghién ctiu bang phuong
phép toan s6 dong chay khu vic ctlao Rua trén sdng
bong Nai”

DONG GOP CUA TAC GIA

Céc tac gid Nguyén Mong Giang va Tran Thi My Hong

thu thap s6 liéu, dii liéu va lap mo hinh, tinh todn. Tac

Hinh 14: 9”9 sudt ma sat day khi dong triéu xuéng gid V6 Lé Phti phén tich va dién gidi két qua tinh toan.
manh nhat Tac gia Lé Song Giang x4y dung thuét todn va huéng

dan tinh toan.
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Study of flow in Rua island on Dong Nai river using 3D numerical
method

Nguyen Mong Giang®, Tran Thi My Hong, Vo Le Phu, Le Song Giang

ABSTRACT
Erosion and bank erosion are processes occurring to the riverbed and are issues closely related
) to the people and society. Rua Island is located in Thanh Hoi commune, Tan Uyen town, Binh
Use your smartphone to scan this Duong province which is one of serious bank erosion areas in the downstream of the Dong Nai
QR code and download this article river. Riverbank erosion in Rua islet in general has been going on for a long time and the rate

of bank erosion has increased after the Tri An hydropower project came into operation and river-
bed sand mining activities accelerated. At present, the Rua Islet is in danger of being cut in two
at the position of Rua neck. Therefore, researching to determine the mechanism and cause of
landslide of Rua Islet in order to point out effective measures to prevent landslide is urgent. A three-
dimensional numerical modeling has been developed for the river section in this island to study the
flow structure. This model was calibrated with observation data in 2017. Using this model flow in
the entire river section was simulated. The calculation results clearly showed the three-dimensional
structure of the flow at this river section, especially at the curved sections where bank erosion often
occurs. Calculation results also show the distribution of bottom stresse in the river section, it is a
parameter that is crucial to the process of changing of the river bed.

Key words: Rua island, Dong-nai river, 3D flow modeling, finite volume method
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