NGHIEN CUU CAI TIEN MO TIEU NANG SAU CONG VUNG TRIEU
CO KHAU DIEN LON — AP DUNG CHO TRUONG HQP CONG THU BO

Pham Vin Song'

Tém tit: Véi nhitng cong viing triéu c¢é khau dién 1om cdc mo nhdm tiéu nang dwoc thiét ké dat
trong bé tiéu ning nham tang cwong kha ndng tiéu tan nang lwong trong bé. Viéc thiét ké mé nham
tiéu ning lam tang chi phi xdy dung cong trinh 1én kha 16n. Mat khéc, véi nhitng cong c6 cdt nude
I6m, cira van phang hodc cira van cung véi thoi gian dong mé twong déi 1om, dong chay qua cira
van khi déng/mé ciing la yéu t6 gdy xéi 16 ha lwu cong. Chinh vi vdy cdc mé tiéu nang trong bé
déng vai tro hét sicc quan trong cho viéc tiéu tan ndng lwong trong bé. Nghién ciru ndy g dung
cong cu mé hinh todn Flow-3D khdo st dong chdy qua cong viing triéu. Qua viéc phan tich két qud
khdo sdt, ching téi tién hanh cdi tién hinh dang mé nhdm théng thuong va dé xudt loai mé nham
chit V véi cac wu diém néi bt vé thity luc, mirc dd tiéu tan nang heong va giam khéi lwong xdy
dung so véi cdc mé nhdam tiéu chudan. Nghién ciru diege dp dung thiee té cho cong trinh cong Thii BY

- mdt cong trinh thudc hé thong cong trinh ngan triéu phuc vu chong ngdp cho khu vuec thanh pho

Hé Chi Minh.

Tir khéa: Cong ving triéu, md hinh toan, mé hinh vat 1y, Flow-3D.

1. PAT VAN PE

Cong 16 thién 14 mot hang muc cong trinh
thiy loi quan trong phuc vu phét trién dan sinh
kinh té. Thong thudng, céng 10 thién 1a dang
cong qua dé va nam trong ving chiju anh hudng
ctia thuy tridu. Ngoai nhiém vu ldy nudc phuc
vu tuoi, tiéu thoat nude phuc vu phat trién san
xuit néng nghiép, cong con cd thé lam nhiém
vu ngan triéu tir bién chdng ngap tng cho ving
san xuat va dan cu bén trong déng. O Viét nam,
cong vung triéu tap trung tai cac ving thudc
dong bang chau thé cic song 1on nhu soéng
Hong, song Ciru Long (song Mé Cong), song
Sai Gon. Céng vung triéu khu viee PBSCL va
TpHCM c6 dic thu khac v6i cong ving khac 1a
(1) anh huéng thiy triéu nén dién bién ché do
thiy luc dong chay qua cdng rat phic tap; (2)

cong dat trén nén dat yéu c6 tinh chét co Iy rat

I'Cose2- Truong Pai hoc Thuy loi.

xau, chu yéu 1a dat sét mém yéu kém chat (doi
khi c6 xen kep lang tru cat hat min) nén kha
ning chdng x6i ctia dat véi dong chay rét thap.

Déi véi nhitng cong vang tricu loai nay da co
nhiéu cac nghién ctru vé tiéu ning phong xoi
cho cong ca vé 1y thuyét va thuc nghiém. Tiéu
biéu cho cac nghién ciru nay 1a nhirng nghién
ctru vé két ciu tiéu niang phong x6i cta Vién
khoa hoc Thuy lgi mién Nam ([6], [7]), Cong ty
tu van xay dung Thuy loi 2 ([11]), Phong thi
nghiém qudc gia vé dong luc hoc séng bién —
Vién khoa hoc Thuy lgi Viét nam ([1], [2], [5]),
Truong Pai hoc Thuy loi ([3], [4]). Két qua
nghién ctu dd dinh ra duoc két ciu tiéu ning
dang chuin cho cic cbng ving triéu cot nudc
thip bao gdm: bé tiéu ning, hé thong cic
ngudng tan dong, hé thdng san sau va hd phong
x6i. Nhitng két qua nghién ciru ndy di tng dung
kha t6t doi voi rat nhiéu cac cong ving tridu
vung DBSCL
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Vi nhitng céng 1am nhiém vy ngan triéu
chéng ngap Gng trong du an chéng ngap khu
vuc Thanh phé H6 Chi Minh 1a nhitng cng c6
khau dién 16n (thong thuong 1a khoang 40m nhu
cong Thii Bo) trong bé tiéu ning thiét ké dat cac
md nham tiéu ning 1am nhiém vu ting cudng
kha ning tiéu tdn ning luong trong bé. Viéc
thiét ké m6 nham tiéu ning lam tang chi phi xay
dung cong trinh 1én kha lon. Mat khac, voi
nhirng cdng ndy do cot nude 10n, cira van thong
thuong 13 dang cira van phang hoic ctra van
cung v6i thoi gian dong mo twong dbi 1on, dong
chay qua trong thoi gian dong/mo cura van cling
1a yéu t6 quan trong gdy x6i 16 ha luu cong.
Chinh vi vdy cic mé tiéu ning trong bé dong
vai tro hét strc quan trong cho viéc tiéu tan ning
lwong trong bé.

Nghién ctru nay ung dung cong cu mo hinh
toan 3 chiéu mo phong dong chay qua cong
vung triéu. Qua viéc phan tich két qua mé
phong, chiing toi tién hanh cai tién hinh dang
md nham thong thudng va dé xuat loai mé nham
chit V. Hinh dang mé nham nay c6 cac uu diém
nbi bat vé ché do thuy lyc, hidu qua tidu tan
ning luong va giam khdi lugng xay dung so véi
cac md nham tidu chuan. Nghién ciru dugc ap
dung thyc té cho cong trinh céng Thu BO - mot
cong trinh thudc hé théng cong trinh ngin tricu
phuc vu chéng ngap cho khu vuc thanh phd Hb
Chi Minh.

2. GIOI THIEU VE CAC DANG BE TIEU
NANG VA MO TIEU NANG

Pbi v6i cac cong vung tridu van hanh dong
mo bang cira van, khi dong ctra dong chay bi co
hep thi luu tdc dong chay qua cira cong 16n ¢o
thé gay x6i 10 ddy cong trinh phia ha luu, doi
hoi phai xay dung bé tiéu ning dé tiéu tan ning

luong, giam cudng d6 rdi cua dong chay khi qua

bé dé dong chay khong gay nguy hiém cho cong
trinh. Thong thudng trong bé tiéu ning, ngudi ta
sit dung cac thanh phan bao gdm md phéng
(chute block), mé nham (baffle block) va tuong
tiéu nang (endsill), nhitng thanh phan nay duoc
su dung dé tao ra cac x40 tron trong bé, tiéu tan
nang lugng cia dong chay.

Céc tai liéu vé thay luc ([8], [9]) va két qua
thuc nghi€ém trén mé hinh vat Iy da chi ra r’fmg
cac hinh thtrc, kich thudc cua thiét bi tiéu ning
phu thudc vao trang thai chdy va dang nudc
nhdy sau cong trinh. Hinh thirc nuéc nhay va
dac tinh dong chay qua cong trinh li€én quan td&i
thong sd dong ning cia dong chay Fr* = v/gd
(v 1a van toc dong chay; g 1a gia toc trong
truong, d 1a do su dong chay tai mat cat trude
nuoc nhdy, Fr ) Froud). Theo tai liéu cua
USBR (United States Department of Interior,
Bureau of Reclamation) [9] cac dang bé tiéu
nang co thé duoc phan loai theo s6 Fr nhu sau:

- Truong hop 1.7 <Fr <2.5: Dong chay khu
vuc bé tiéu ning s& 13 dang tién nudc nhay
(prejump stage). Bé tiéu ning dugc thiét ké 1a
loai I khong bao gdbm md nham, tuong tidu ning.

- Truong hgp 2.5 < Fr < 4.5: Dong chay
khu vuc bé tiéu ning & trang thai nudc nhay
giao dong. Bé tidu ning dugc thiét ké 1a loai IV
(hinh 2a).

- Truong hop Fr > 4.5: Nudc nhay 6n dinh
trong khu vuc bé tiéu ning. Bé tiéu ning duoc
thiét ké loai III (khi V,<18m/s) (hinh 1b) hoic
loai IT (khi V> 18m/s) (hinh 1a).

- Truong hop 1.7 < Fr < 17: Bé tiéu ning
loai IIT duge cai tién bang cach dat hé thong md
phong, mé nham va tudng tiéu ning tao nén bé
loai SAF bo1 Phong thi nghiém thay luc Saint
Anthony Falls, thudc Pai hoc Minesota, Hoa Ky
(hinh 2b).
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Hinh 2. Bé tiéu néng logi IV (a) va loai SAF (b)

3. NGHIEN CU'U CAI TIEN HINH DANG
MO TIEU NANG TRONG BE TIEU NANG
CONG TRINH CONG THU BO

3.1. Thiét ké tiéu ning céng trinh cong
Thu Bo

Cong trinh céng Thu Bo 1a 1 trong 12 cong
16n thudc hé théng cong trinh thuy phuc vu
chéng ngap ung khu vuc Thanh phd HO Chi
Minh. Cung véi cac cong trinh khac trong h¢
thong cong Thi Bo c6 nhiém vu kiém soét triéu
va li, cha dong diéu tiét muc nude trén kénh
rach, ting kha ning tiéu thoat cho hé thdng tiéu
thoat nudc do thi, dam bao muc tiéu khdng cho
ngap do tridu va cai thién diéu kién moi trudng
cho ving I, dam bao giao thong thuy qua cong
va qua au thuyén trong thoi gian khong ngin
triéu, qua au thuyén trong thdi gian ngin triéu
va két hop 1am cau giao thong bd qua cong.

Coéng Thu Bd bao gom 04 khoang va 1 4u
thuyén, mdi khoang cong rong 40m. Cao trinh
ngudng cong -6.5m, cira van kiéu kéo thing
dung (lift gate) duoc van hanh dong va mo bang
xi lanh thuy luc. Yéu cau thiét ké ctra van phai
dugc van hanh dong trong thoi gian 20 phut dé
cit dinh triéu trong cac thang tridu cuong.

Qua phan tich trang thai chay cua cac truong
hop qua cong mg véi cac to hop muc nudc, luu
lwong qua cong cho thdy trang thai ni tiép sau
cong 1a chay mit, nhay song hoic chay day, nhay
ngap. Dé x4c dinh ranh gi6i giita 2 trang thai nbi
tiép Trinh Cong Véan [11] di dung hé s phan
gi61 vo1 N= hp/hg (ti 1€ d§ sau thuong, ha luu)
xét cho ving Pong bang séng Ciru Long liy
N = 0.85 khi d6: n > 0.85 la chay mat, n < 0.85
1a chay ddy. Hinh thirc nudc nhay va ché do chay
v6i cac t6 hop muc nude thé hién trén bang 1.

Bang 1. Hinh thirc nwéc nhay va ché do chay

op | Truong | Truong hop tinh | Qq q Er Hinh thirc Ché do
hop toan (m3/s) | (m2/s) nudc nhay chay
1 | Van hanh | M6 hoan toan 2321,69 14,5 | 0,25 | Khong c6 nudc nhay | Chay mat
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Thang 10 | Pong cira 50% | 1879,88 | 11,7 | 1,08 | Nudc nhay song Chay mit
Dong ctra 75% | 1033,05 6,5 | 1,78 | Nu6c nhay yéu Chay day
bong cua 90% 386,43 2,4 | 2,66 | Nudc nhay yéu Chay day
Mo hoan toan 2134,03 13,3 | 0,21 | Khong c6 nudc nhay | Chay mat

5 Van hanh | Pong ctra 50% 1437,68 910,76 | Khong c6 nudc nhdy | Chay mat

Thang 11 | ong cra 75% | 937,00 5,9 | 1,49 | Nudc nhay song Chay mit

bong cua 90% 366,09 2,3 | 2,35 | Nuéc nhay yéu Chay day

Theo tai liéu USRR [9], chiéu dai nudc nhdy sau tai mit cit co hep) va s6 Fr theo hinh 1 va
dugc xac dinh theo quan hé giita L/y; (y; 1a 40  thé hién trén bang 2.
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Hinh 3. Chiéu dai nwéc nhay véi kénh chir nhdt [8]

Bang 2. Bang tinh chiéu dai nwéc nhay

2 1 | Chiéu dai nuéc nha
TT Truong hop Tr’uO'ng h0p Fr L/yl Y 4
tinh toan (m) (m)
Pong ctra 50% 1,08 0,84 2,28 1,92
Van hanh . . o
1 Thang 10 Pong ctra 75% 1,78 7,85 1,11 8,68
Dong cira 90% 2,66 16,58 0,44 7,24
5 Van hanh Dong cura 75% 1,49 4,91 1,17 5,74
Thang 11 Pong cira 90% 2,35 13,46 0,46 6,21

Kich thudc bé duwoc tinh toan thiét ké so nhu
sau: Chiéu dai bé Lg = 14m; khoang cach tir
chan ngudng céng dén md nham: S; = Ly/3 =

Vi gia tri Fr= 1.7 =17, bé tiéu nang dugc lya
chon 1a dang bé Saint Anthony Falls (SAF —
USBR) [9] véi chiéu dai duoc tinh toan nhu sau: 5m; chidu cao ngudng cudi: hy = 0.07.D, = 0.5m
L= % Véi Dy =h. (1) va bé rong va khoang céch giita cdc md nham:

Fr = Wg=Wc=0.75xD;.= Im.
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Qua két qua thi nghiém trén mé hinh vat 1y tai
Phong thi nghiém thay luc tong hop — Vién khoa
hoc thuy lgi Mién Nam [13] ta c6 kich thudc bé
duoc xac dinh tdi vu nhu sau: Chiéu dai bé Ly =
20m, chiéu cao ngudng cudi: hy = 1m.

3.2. Dé xuit so by hinh dang mé nhim
trong bé tiéu ning

Thong thudng trong cac loai bé tiéu ning md
nham duoc thiét ké 13 dang hinh thang c¢6 hinh

dang va kich thuéc nhu Hinh 2 (trai) . Dé ting kha
nang triét giam cuong do rdi, ting hé sb tiéu tan
nang lugng, dong thoi 1am giam khdi luong va chi
phi xay dung md nham, ching toi tién hanh thir
nghiém loai md nham tiéu ning duoc c6 dang chir
V (kich thuéc nhu Hinh 2 (phai)). Cac md nham
¢6 hinh chir V duogc dit vao long bé, va duoc xép
thanh 3 hang lién ké so le nhau; hang mé nham

dau cach chian ngudng ctra van Sm (xem Hinh 2).
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Hinh 4. Chi tiét cac loai mo nham va bo tri mo nham trong long bé tiéu nang

3.3. Phén tich hi¢u qud ciia mé nhdm cdi
tién bang mé hinh todn Flow-3D

3.3.1. Giéi thiéu vé mé hinh toan Flow-3D

Cong cu st dung 13 phin mém mé phong dong
chay 3 chiéu Flow-3D duoc phét trién boi cong ty
Flow Science, Inc, My. Phan mém duoc thiét ké
cho céc bai toan mo phdng dong chay 1, 2 va 3
chiéu theo thoi gian. Flow-3D sir dung ky thuat
thé tich khéi (volume of fluid (VOF)) dé giai hé
phuong trinh Navier-Stokes ([10]). Flow-3D cung
cap ngudi st dung mdt cai nhin sdu sic vé& cac

dién bién cua dong chay véi do chinh xac cao. Voi

cac tinh nang dic biét vé kha ning du bao mot
cach chinh xac dong chay, Flow3D 1a mot phan
mém c6 thé sir dung trong cac giai doan thiét ké
va trong viéc cai thién quy trinh san xuét.

3.3.2. Ddnh gid két qud mé phong

Phan mém Flow-3D dugc sit dung dé mo
phong dong chay qua cong véi 2 trudng hop méb
nham dang 1 (dang hinh thang truyén thdng) va
dang 2 (dang chitr V). M6 hinh toan nay cling da
dugc cin chinh va kiém dinh qua so sanh véi
két qua voi 1 truong hop trén moé hinh vat Iy
(Hinh 5) [12].
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Bieu do phan bo van toc (m/s)
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Hinh 5. So sanh két qua khao sat truong van téc tai mot sé6 mdt cdt gitta mé hinh vat ly
va mo hinh toan - Truong hop dong cong 75% muc nudc thang 10
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THI1: 03 hang md nham hinh thang

y-velocity and vectors
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Bé TH2: tiéu ning v6i 03 mé nham hinh V

Hinh 6. Cit doc céng trinh — Truong hop déng cong 75%
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Hinh 7. Chi tiét dong chay qua 02 logi mé nham - tai cao trinh -7.0

Khi dong chay qua bé tiéu ning c6 cac md
nham chit V thi dong quin s& tac dong manh
vao khe chir V va giai phéng niang luong nhiéu
hon so voi mé nham hinh thang thong thuong
(xem Hinh 6).

So sanh cac phuong 4n mé nham tiéu ning
(Hinh 7), ta thdy dong chay qua bé tiéu ning co
3 hang md nham chit V nhanh 6n dinh hon, chi
sau 10m thi dong chay da 6n dinh, trong khi cac

24

phuong 4n 3 hang md nham hinh thang thi van
chua 6n dinh.

Mtic d§ ti€u tan ndng luong cuia phuong an
dit 3 hang md nham chit V cho két qua vuot troi
so v6i phuong 4n 3 hang md nham hinh thang.
Tuong tu tur biéu d6 van tdc (Hinh 8), ta ciing
thiy rang chi can dit 1 hang mb nham chit V thi
da cho hiéu qua tiéu tan ning luong va lam triét
giam cuong d6 réi cua dong chay gan bang
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phuong an dit 3 hang md nham hinh thang.
Nghién ctru da dugc ing dung cho cong trinh
cong Thi Bo. Chon phuong an dit 3 hang md
nham hinh V dé thiét ké tiéu ning phong xoi
phia ha luu céng Thi Bo.
Vi cong Thi bd co6 04 khoang rong 40 m,

xay dung 04 bé tiéu ning va dit cac md nham
tiéu ning vao 1ong bé tiéu ning ta thdy phuwong
an mé nham chit V ¢6 s6 lwong md nham va
khdi luong bé téng nho hon kha nhiéu so véi
phuong 4n md nham truyén théng hinh thang
(Bang 3).
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Hinh 8. So sanh cuong do roi va hé so tiéu tan nang luong gitva 2 phwong an moé nham khac nhau

Bing 3. So sanh khoi lwong bé tong xdy dung md nham giira 02 phwong an.

STT | Phuong an Mo ta 50 lu?n & Kh? ! lu’(_)rr}g b¢
(mo) tong (tan)
1 Phuong 4n 1 03 hang m6 nham chir V dugc dat lién ké so 39 1102
le nhau.
03 hang md nham hinh thang dat so le nhau,
2 Phuong an 2 | khoang cach gitra cac mo la 0.8m, cac hang 59 142.5
cach nhau 0.5m

4. KET LUAN

Pbi v6i cac cong vung tridu van hanh dong
mo bang cira van, khi dong cira dong chay bi co
hep thi luu toc dong chay qua cira cdng 16n c6
thé gy x6i 16 day cong trinh phia ha luu. Viéc
xay dung hé thng bé tidu ning dé tiéu tan ning
luong, triét giam cuong do réi cua dong chay dé
giam thiéu x6i 16 ¢ ha Iuu 14 hét stc quan trong.
Pé kiém soat nudc nhay, nguoi ta st dung céac
thanh phin bao gdm mé phong (chute block),
md nham (baffle block) va tudng tidu ning
(endsill), nhitng thanh phan nay duoc s dung
dé tao ra nude nhay on dinh va 1am cho bé tiéu
ning va chiu dai gia c¢b cang ngin cang tot.
Véi cac cong co khau dién 16n viée xay dung
cac mb nham trong bé tidu ning do6i khi lam
tang chi phi xay dung lén kha 16n. Nghién ctlru

nay ung dung cong cu md hinh toan 3 chiéu dé
khao sat dong chay qua cdng ving triéu. Qua
viéc phén tich két qua tinh toan, md nham thong
thuong da duogc cai tién va loai mé nham chix V
dugc dé xudt voi cac wu diém ndi bat vé thuy
lyc, muc do tiéu tan ning lugng va giam khoi
luong xay dung so voi cac md nham tiéu chuén.
Két qua md phong cho thiy, khi dong chay qua
bé tiéu ning co6 ciac mb nham chir V thi dong
quan s& tac dong manh vao khe chit V va giai
phong ning luong nhiéu hon so véi mé nham
hinh thang thong thudng, cudng do rdi cling nhu
hé sd tiéu tan ning luong ting hon déng ké.
Nghién ctru duoc ap dung thuc té cho cong trinh
cdng Thi BO - mot cong trinh thuéc hé thong
cong trinh ngan tridu phuc vu chdng ngap cho
khu vyre thanh phd H6 Chi Minh.
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Abstract:

DEVELOPMENT OF V-SHAPE BAFFLES OF STILLING BASIN

FOR LARGE TIDAL BARRIER - APPLICATION FOR THU BO BARRIER
For large tidal barriers, stilling basins are designed with baffles in order to enhance energy
dissipation in the stilling basin. With this type of barrier, the baffle system increases the
construction costs. On the other hand, barriers with high water head and lift gate or radial gate,
the flow through the gate open is an important factor causing the esosion in downstream.
Therefore, the baffles have an important role for dissipation in the stilling basins of large tidal
barriers.The study uses the Flow-3D simulation tool to investigate the flow over the tidal barrier.
Through the analysis of the simulation results, the classical shape of baffle (trapezoidal shape) is
improved and a V-shape baffle is proposed with advantages of hydraulic energy dissipation. With
the V-shape baffles, the construction costs are reduced and lower than the stilling basin with
trapezoidal shape baffles. The study has been applied for Thu Bo barrier — one of the lagest
barriers in the hydraulic work system in the project of flood protection for Ho Chi Minh ciy.
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