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UNG DUNG MO HINH FLOW3D PANH GIA PHUONG AN XU LY
THAY DPOI CAO TRINH HO XOI DU AN HO CHUA NUOC SONG THAN

Nguyen Ngoc Nam, T6 Vinh Cuong
Phong Thi nghiém trong diém Quéc gia vé Déng liec hoc séng bién

Tém tit: Khi thi cong dao ho x0i ha lueu tran xd Iii ho chita meéc S6ng Than, tinh Ninh Thudn dén
cao trinh +102,6m-103m (con 4,6m dén cao trinh thiét ké +98,0m) da géip nuwéc ngam va lp da cap
1&2 nguyén khoi dan dén rat khé khan cho viéc tiép tuc thi cdng. Do vdy, don vi thi cdng kién ngh;
giir cao trinh day hé X6 ¢ mikc 102.6=103m (nhu hién trang dang thi cong gap da cung). Phong Thl
nghiém trong diém Quac gla vé dong luc hoc song bién (Phong TNTP) da xdy dung mo hinh so tr;
Flow 3D dé xdc dinh céc yéu to thuy luc (van toc va muee nuéc) trén bai toan phdn doan (1/2 khoang
tran) nham phan tich va so sanh 02 phuong an xir Iy thay d6i hé x6i ¢ cao trinh 98.0m va 103.0m.
Két qua nghién citu nay giup don vi Tu van thiét ké va Chu dau tir ¢6 co sé khoa hoc cho viéc can
nhdc, xem xét ki hon de c6 phuong an xur ly thich hop, dam bao an toan, phat huy hi¢u qua cong
trinh. Duwdi ddy la mét s6 két qua nghién cizu chinh cia bai toan trén.

T khoa: Ddp tran, hé xéi, md hinh FLOW-3D.

Summary: During the construction of digging erosion holes in downstream of the flood discharge
spillway of Song Than reservoir, Ninh Thuan province to the elevation of +102.6m~103m (4.6m to
the design elevation of +98.0m), encountered underground water and Monolithic rock layers of
grade 1&2 that made it very difficult to continue the construction. Due to the current construction
situation facing hard rock, the construction unit propose to keep the bottom elevation of the scour
hole at 102.6m + 103.0m. The Key Laboratory of River and coastal engineering had built a
numerical model of Flow 3D to determine hydraulic parametors (velocity and water level) on the
plane problem (1 /2 of floodgates) to analyze and compare 02 options for handling change the
erosion holes at elevations of 98.0m and 103.0m. The results of this research help the Design
Consulting unit and the Investor have a scientific basis for further consideration and review to have
appropriate treatment plans, ensuring safety and promoting project efficiency. Some of the main
research results of the above problem are presented in this paper.

Keywords: Spillway, scour hole, FLOW-3D model.

1. PAT VAN BPE

Du 4n Hd chira Nuge Séng Than, tinh Ninh
Thuan [1] 1a coéng trinh thuy loi da muc tiéu,
nhiém vu chinh cta cong trinh 13 cip nudc tudi,
cap nudc sinh hoat, nudi trong thuy san, cat I
giam 1ii cho ha Iuu, ¢6 quy mé du an gdm:

Pap dat: Chiéu dai dap 1350m, cao trinh dinh
dap +141,0m; cao trinh dinh tuong chin séng
+141.500m; bé rong dinh dap 6,0m; chiéu cao
dap 16n nhat 33,0m. H6 chtra ¢6 dung tich toan
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bo 1a 85,04 triéu m®, trong d6 dung tich hiéu
dung 1a 82,8 triéu m®. Luu luong thiét ké
Qrk= 1398,53m° /s (P=1%); Luu luong kiém
tra Qxr= 1625,33m?3 /s (P=0,2%).

Céng lay nuéc: Luu luong thiét ké
Qrx=4,1m%s, dat tai vai bo phai cua dap
nhanh phai la cong hop khong ap bang bé tong
cot thép M200, khau dién cong (BxH)=
(1,5%2,0)m va céng & phia vai bo trai cua dap
nhanh trai 1a cdng chay c6 ap bang éng thép
boc bé tong cdt thép M200;

Tran su cb, tran tu do, ngudng Ophixerov
khong chan khong, tiéu nang mat mii phun
khong c6 cira van diéu tiét; cao trinh ngudng
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tran +138,0m, bé rong 30m; 1am viéc nhu mot
tran sy ¢4 nhim dam bao muyc nudc hd khong
vuot qua myuc nude dang binh thuong.

Tran x4 1i: Tran c6 ctra van cung, x4 mat, tiéu
nang mat mii phun va hd x6i & V+ 98,0m, tai
vi tri gilra song Than. Kich thudc 3 cua 8x9m,
cao trinh ngudng tran +129,0m, rong 24,0m.

Nim 2018, nhom tac gia Nguyén Ngoc Nam
va nnk [1] thudc Phong Thi nghiém trong diém

ECGELYC  CONG NGHE |
Quédc gia vé Pong luc hoc song bién (Phong
TNTD) thuc hién goi thiu sé 13: Thi nghiém
mod hinh thuy luc thudc dy an HO chira nuée
song Than, xa Hoa Son, huyén Ninh Son, tinh
Ninh Thuan. Két qua nghién ctru thi nghiém
trén mo hinh vat Iy — ty 18 1/40 da lwa chon két
cAu tiéu nang ha luu tran (miii phun + hd x6i)
hop 1y cho dic thu cong trinh tran xa 1 song
Than, thé hi¢n Hinh 1.

Hinh 1: Tiéu nang sau céng trinh xa lii séng Than (theo phwong dn sira déi) [1]

Theo hd so thiét ké du an duoc duyét, hd tiéu
nang ha luu tran bén phia c6 ctra duoc thiét ké

TAP CHI KHOA HOC VA CONG NGHE THUY LOI SO CHUYEN DPE -

1a hd x6i tiéu niang co kich thudc mit bang hd
x01 (BxL) = (29,00x34,00)m ¢ cao trinh
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+98,0m, chiéu sau binh quan so voéi cao trinh
day long song tu nhién h=7,90m. Trong giai
doan thi cong dao pha hd x6i ha luu tran da
gip dia chat 1a da cip 1&2 nguyén khéi, nim
dudi hd moéng, nude ngam & vi tri dao 16n. HH
x01 da thi cong dén cao trinh +102,6m/+98,0m
con 4,6m dén cao trinh thiét ké +98,0m rat kho
khan cho viéc tiép tuc thi cong. Pon vi thi
cong dé xuét giit cao trinh day hd x6i tai mirc
dang thi cong la V102.6+103m.

Dé d@é diéu chinh hd so thiét ké theo nhu dé
xut, can thiét phai c6 nghién ciru, tinh toan
dam bdo co s¢ khoa hoc cho an toan ti€u nang
va chong x6i 10 ha luu cong trinh.

Do goi thau md hinh thuy lyc da dugc Phong
TNTD hoan thanh, két qua da dugc nghiém
thu thanh 1y tir nam 2018 va c4c hang muyc xay
dung d3 pha d& hoan toan nén khong thé kiém
tra trén mo hinh vat ly.

Vi vy, dé kiém tra phuong an thiét ké xu ly
thay d6i h6 x6i, don vi Phong TNTD sir dung
cach tiép can mo hinh sd tri CFD (Flow 3D) dé
mo phong danh gid tdc dung cia cac phuong
an thay d6i hé x6i & cao trinh +98.0m va
+103.0m cua tran xa Il song Than trén bai
toan phan doan (1/2 khoang tran). B§ chinh
xac cua két qua mo phong van tbc va muc
nudc trén bai toan phan doan duoc kiém tra
thong qua céac sb liéu do dac trén mo hinh vat
1y da thuc hién nam 2018.

2. CO SO DU LIEU VA PHUONG PHAP
NGHIEN CUU

Trong nhiing ndm gan day, v6i sy phét trién cua
cac phuong phap sd, dic biét 1a su ra doi cua
CFD (Computiational Fluid Dynamic) ho
RANS - phuong phap s6 duogc st dung két hop
voi cong ngh¢ mo phong trén may tinh dé giai
quyét cac bai toan vé co hoc va moi truong, da
gitip cac nghién ctu vé dong chay qua dép tran
dat dugc két qua dang tin cdy. Nhimg phan
mém thudc ho RANS nhu Flow-3D 1a cong cu
hitu hi¢u giup cho viéc mé phong dong chay
trén mit tran, dong x4o tron trong hd x6i duge
chi tiét va chinh xac hon. Flow-3D 1 phan
mém thuong mai, mé phong dong chay 3 chiéu
(3D) dugc phat trién boi cong ty Flow Science,
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Inc, My. Phan mém nay duoc str dung trong cac
nghién ctru trong nude nhu tac gia Lé Van Nghi
va nnk, 2017 [2] hay Pham Van Song va nnk,
2014 [3]. Tuy nhién, cac nghién ctru cling chi ra
nhuge diém chinh cta loai md hinh nay can
thoi gian tinh toan réat 1én. Do viy, nghién ctu
chi lwa chon md phong chi tiét bai toan phan
doan cho 1/2 khoang tran véi thoi gian tinh
khoang 1,5+2 ngay.

2.1 Mo hinh toan Flow-3D
2.1.1 Mo hinh thuy dong luc hoc

Mo hinh thuy dong luc dugc phat trién dua
trén cac phuong trinh co ban gom: phuong
trinh dong lugng va phuong trinh lién tuc.
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Trong céac cong thirc nay: Vr 1a thé tich; p 1a ty
trong; (u, v, w) thanh phan van tbc theo truc (x,
Y, 2); Rsor ham ngudn; (Ax, Ay, A;) dién tich;
(Gx, Gy, G;) lyc héap dan; (£, fy, f;) gia toc nhét;
(bx, by, b;) ton that cot nude; A 1a dién tich
trung binh; U 14 van tdc trung binh theo cac
huéng (x, y, z) va F 1a ham luong chit long.
Khi céc 6 chira day chét long, gia tri F=1 va khi
6 trong F=0. Trong Flow-3D, c¢6 02 phuong
phap duoc su dung mod phong dugc goi la
phuong phap thé tich khéi (VOF- Hirt and
Nichols 1981) dugc sir dung dé bat dugc bé mit
tiép xtic chat long - khi hodc chét long - long,
Thé tich khdi trong mdi 6 dugc ghi va so sanh
thé tich cac 6 ludi xung quanh dé xac dinh do
dbc va dudng cong cua chit long véi 6 ludi.
Phuong phap mé hinh héa vat can phan s dién
tich/thé tich (FAVOR-Flow Science 2010) la
mot k¥ thuat str dung cho mo phong bé mit va
cac khdi vat ran xac dinh dudng bién hinh hoc,
cho phép cac ludi hinh chit nhat duoc thiét 1ap
ma khong gay bién dang dic tinh ciia vat can.

2.1.2 Cdc phirong phdp mé phong dong roi
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Pé giai gan dung duoc hé phuong trinh Navier
Stoke mot s6 phuong phap mo phong dong rbi
thuong dugc dung nhu sau:

- Phuong phép mé phong dong rdi bang cach
tinh toan truc tiép, Direct Numerical
Simulation (DNS).

- Phuong phap mo6 phdng dong xody, Large
Eddy Simulation (LES).

- Phuong phép trung binh hdéa Reynolds
(RANS).

- M6 hinh mét phuong trinh (K equation)

-M6 hinh hai phuong trinh (K epsilon
equation)

- M6 hinh RNG (Renormalization-Group)

Trong Flow 3D, md hinh RNG duoc khuyén
khich st dung va dugc cho réng c6 do chinh
x4c hon so véi cac mod hinh dong réi khac
(Kermani et al. 2014 [4], KuMCu et al. 2016
[5], T6 Vinh Cuong, LATS. 2023 [6]).

Vi vay, nghién clru nay lya chon st dung Mo
hinh RNG (Renormalization-Group).

2.2 Thiét 1ap m hinh

2.2.1 Mo ta mé hinh toan Flow 3D

Céc chi s6 dugce sir dung trong Flow-3D. Pon vi
lua chon 1a SI, nhiét do Celsius ’Vé‘l nudc dugce coi
la khong nén duogc, gia toc trong trudng
9.807m/s?.. M6 hinh r6i Renormalized group
(RNG) da dugc stir dung trong nghién ctru nay.

|  KHOAHOC
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2.2.2 Xay dung 3D cho tran séng Than

Phan mém hd trg 3dmax di dugc s dung dé
dung 3D cho cong trinh tran Song Than nhu
Hinh 2, sau d6 xuét file dudi dang *.stl va
nhap truc tiép vao mé hinh Flow-3D.

Thiét 14p 3D cho tran séng Than cho phan
doan 2 khoang tran, xem Hinh 2.

S e

Hinh 2: Thiét Idp 3D cho md hinh nghién cizu
cho % khoang tran

2.2.3 Kich thuéc mé hinh

Khu vyc cac miii phun dugc dac trung bai
thay ddi dot ngot cua chuyén dong va hinh
khéi mong (mé phun nho). Piéu nay doi hoi
mot ludi min dé giai quyét. Theo nghién ctu
[7] tao ludi 16ng nhau s& dan dén két qua mo
phong tét cac xody va ciing cho két qua khop
véi dir liu thi nghiém, dé giam céc 16i dé nghi
ty 18 thiét 1ap hai ludi 1a boi s6 cua 2. O bai
toan nay, sé tao 05 khdi ludi, kich thudc khdi
lugi thé hién Bang 1 va Hinh 3.

Bang 1: Kich thuée cac khoi heéi

e Khoi ludi 1 Khéi Tusi 2 (m) Khoi ludi 3 Khéi lusi 4 (m) Khoi luéi 5
(m) (m) (m)
1 1 0,5 0,25 0,75 15

3 HES i
FISER | i

HE L
S = B

Hinh 3: Tao lwi tinh toan trong Flow-3D

2.2.4 Piéu kién bién

Trong nghién ctu: xem xét 02 truong hop cao

trinh hé x6i khac nhau khi van hanh cong trinh
Song Than, chi tiét xem Bang 2.

Xac dinh cac diéu kién bién dugc gan trong
Flow 3D nhu sau: dong chay trong mién tinh
todn duogc dat trong hé¢ toa do Pé cac 6 mit,
v6i thir tu 1an luot 1a: bién thuong luu (Xmin)
dugc gan 1a diéu kién bién ap suit v6i chiéu
cao cu thé cua cOot nuéc H: Xmin= P
(Hydrostatic Pressure), bién ha luu (Xmax) la
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bién cia dong chay ra (Outflow) s€ dugc gan: bén trai voi Ymin= W (Wall) va tudong bén phai
Xmax= O (Outflow), bién thap nhét trén truc Z Ymac= W (Wall). Trong d6: X 1a phuong doc
(day) s& duoc gan diéu kién bién nhu mot theo chiéu dong chay tir thuong 1dén ha luu
tuong cimg: Zmin= W (Wall), bién cao nhat tran; Y 13 phuong vudng goc véi dong chay; Z
trén truc Z s& dwoc gan nhu mot bién dbi 14 phuong thing dung theo do sau dong chay,
xtng: Zmax= S, bién theo phuong Y gdm tudong  thé hién Bang 2 va Hinh 4.

Bang 2: Cac trwdng hop tinh toan véi cao trinh hé x6i khac nhau

TT Truwong hop Murc nwée hd (m) Ky hiéu
1 Hb x6i & cao trinh 98.0m 139.76 MNLTK (P=1%)
2 Hb x6i ¢ cao trinh 103.0m 139.76 MNLTK (P=1%)

3.1 Két qua mé phéng dwdng mit nuéec:

a) Cao trinh dday ho x6i +98.0m

Hinh 4: Cdc diéu kién bién trong "ﬁ

mo hinh Flow-3D b) Cao trinh day hé x6i +103.0m
3. QAC KET QUA NGHIEN CUU VA  Hinh5: Kér qua mo phong dwong mat nudc
THAO LUAN

-
-
b
-

Bang 3: Gia tri dwong mwe nwéce trung binh doc tuyén cong trinh (m), &ng luu hrong Qrk

M6 hinh sé So sanh k&t | M6 hinh sé
Thinghiém Flow3D [Chénh| qud TN va Flow 3D
Mat cat Vi tri mat cat (Hé xéi & cao| (Hé xdié léch | Flow 3D véi | (H8 x6i &
trinh +98.0m)|  cao trinh (m) | H®& x6i & cao| cao trinh
+98.0m) trinh +98.0m | +103.0m)
MC7 | Dinh béan kinh cong nguoc 13.51 113.36 -0.75 | Twong dé ng
MC8 | Mii phun 115.05 115.16 o.17 V@i
MC9 | Dinh dong phun 120.56 120.54 -0.02 | thinghiém
MC9A | Chan dong phun 103.64 106.00 236 105.85
Ha lwu sau tran, cach tim
MC10 . 109.70 113.28 358 109.97
dap dang 115.00m X
ChénhIngp
Ha lwu sau tran, cach tim R
MCT1 X 108.38 112.33 395 | vhénhIng 110.32
dap dang 160.00m
phun
Ha lwu sau tran, cach tim
MC12 110.43 111.80 137 110.41
dap dang 220.00m
Ha lwu sau tran, cach tim (m3t catthay
MC13 110.49 110.45 -0.04 110.47
dap dang 275.00m van)
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Két qua moé phong duong mit nudc cho 02
phuong an thay ddi thiét ké hd x6i & cao trinh
+103.0m va +98.0m dugc thé hién Bang 3 va
Hinh 5.

1) Cao trinh dwong mat nwéc o cao trinh ddy
ho xoi +98.0m:

- Phan tran (MC7 dén MC9): cao trinh dudng
mit nuéc cd két qua twong ddng gita mod
phong sé va thi nghiém, chénh léch nhé
0.11+0.15m.

- Phan ha luu: cao trinh dudng mit nudc
chénh léch 16n giita md phong s6 va thi
nghiém, chénh léch 16n tir 1.37+3.95m. Diéu
nay c6 thé giai thich, trén mo hinh s6 moi chi
md phdong bai todn phan doan (1/2 khoang
tran) do d6 ludng phun roi xudng hd x6i khong
phén tan theo phuong ngang sang hai bén ma
chi phan tan theo phuong doc xubng ha luu da
lam tang cao trinh dudng méat nudc 16n hon so
v6i thi nghiém trén mo hinh tong thé.

2) Cao trinh dwong mdt nwéc ¢ cao trinh day
ho x6i +103.0m:

- Phan tran (MC7 dén MC9): gidéng nhau
trong cac truong hop mo phong.

- Phan ha Iuu: ludng phun roi xuéng hb xoi

|  KHOAHOC
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hiu nhu chua duoc tiéu hao duoc nang lugng,
dong chay ra khoi ho x06i con xiét manh vé
phia ha Iuu gay ra song 1on.

3.2 Két qua mé phéng van tdc dong chay
Két qua md phong van téc dong chay cho 02
phuong an xur ly thay doi thiét ké ho xo6i ¢ cao
trinh +103.0m va +98.0m duogc thé hién Bang
4 va Hinh 6.

Phan tran (MC7 dén MC9): gia trj van téc co
két qua tuong dong giltra m6é phdéng sé va thi
nghiém, chénh 1éch nhé 0.10+-0.70m/s. Picu
nay thé hién d6 tin cdy cia mo6 hinh Flow-3D
trong nghién ctru nay.

G

a) Cao trinh ddy hé x6i +98.0m

b) Cao trinh ddy hb x4i +103.0m
Hinh 6: Két quda mé phong vin toc dong chdy

Bang 4: Gia tri lwu téc 16n nhét tai mdt s6 vung tng véi Qtk (m/s)

M6 hinh
Thi s6 Flow So sanh két qua
nghiém 3D Chénh | TN va Flow3D [M®& hinh Flow3D
, . (Hé x6i & | (H6 x6i | léch véi Hé x6i & | (Hé xdi & cao
Mat cat Vi tri mat cat . . .
cao trinh | & cao (m) cao trinh trinh +103.0m)
+98.0m) | trinh +98.0m
+98.0m)
Pinh ban kinh cong
MC7 19.43 20.13 +0.70 20.0
nguoc Twong déng vei
MC8  |Mii phun 19.17 19.54 +0.37 thi nghiém 19.2
MC9  |binh dong phun 19.1 19.0 +0.10 19.0
MCO9A* |Chan dong phun 13.06 11.52 -1.54 22.18
MC10 |Ha lwu sau tran, cach| 11.09 8.10 -2.99 | Chénh léch véi 17.03
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tim dap dang 115.00m thi nghiém
Ha lwu sau tran, cach

MC1T | X 10.45 7.40 -3.05 15.04
tim dap dang 160.00m
Ha lwu sau tran, cach

MC12 | X 6.85 6.68 -0.12 1.41
tim dap dang 220.00m
Ha lwu sau tran, cach (mat cat thay

MC13 | K 6.03 6.10 +0.07 9.98
tim dap dang 275.00m van)

Tai hd x6i: Van tdc 16n nhit khi cao trinh day
hé x6i +103.0m co gia tri Vmax=22.18m/s xap
xi bang 2 1an van tdc khi day hd x6i +98.0m co
gia tri Vmax = 11.52m/s.

Nhu vy, co thé néi kha ning tiéu hao ning
luong cta hd x6i & cao trinh +103.0m giam di
khoang 50% so v&i hd x6i ¢ cao trinh +98.0m.
Vi vy, can thiét phai c6 céac bi¢n phap bao vé
an toan cho vung long dan ha luu khi xtr ly
thay d6i cao trinh hd x6i.

4. KET LUAN

4.1 Nhan xét chung

Bai bao di trinh bay két qua mo phong tinh
toan duong mit nudc va van tdc qua cong
trinh tran xa lii song Than, vi 02 cao trinh hd
x6i thay d6i ¢ cao trinh +103.0m va +98.0m
bang phan mém Flow-3D. Qua md phong cac
phuong an xir I thay d6i cao trinh hd x6i du
an ho chtra nu6e song Than, c6 thé rit ra cac
két luan chinh sau:

Hb x6i & cao trinh +103.0m c¢6 véan toc xap xi
bang 2 lan van tc khi day hd xo6i +98.0m va
kha ning tiéu hao niang luong cua hd x6i & cao
trinh +103.0m c6 thé giam di khoang +50% so
v6i hd x6i ¢ cao trinh +98.0m.

4.2 Mt sb ton tai

Viéc tinh toan mo phong bang Flow3D kiém
chung két qua so voi thi nghiém véi truong
hop ho x61 & cao trinh 98.0m 1a tuong dong

TAI LIEU THAM KHAO

trén mat tran, con c6 mdt so sai léch ¢ phan
ha luu.

Nguyén nhan sai léch so vai thi nghiém:
- M6 hinh 3D thich hop véi bai todn cuc bg;

- Tinh cho bai toan phan doan % khoang tran
(nang Ilyc cua may tinh hién c6 cua nhom
nghién cizu khéng cho phép chay pham vi lon
hon va thoi gian xur ly thi cdng khéng cho phép
kéo dai qué trinh tinh todn, nghién cuiu trén
md hinh) nén khdng thé hién duoc phan dong
chay khéng gian cua dong nudc lan truyén
ngang sang 2 bén by, dan dén két qua duong
mat nudc va luu toc dong chay phan ha luu
con maot sb sai léch so véi s6 liéu thi nghiém.

4.3 Kién nghi

Trén day 1a mot s6 két qua nghién ctru co ban
khi &p dung md hinh sé tri Flow 3D cho cong
trinh séng Than. Mic du két qua nghién ctu
con mot s ton tai do didu kién thuc té chua
cho phép. Két qua nghién ctu nay da dua ra
nhung co s& khoa hoc mang tinh tién dé cho
c4c phuong an thiét ké, phuwong an thi cong dé
xt Iy hd x6i sau tran phu hop véi diéu kién
thuc té, dam bao an toan, phat huy hiéu qua
cong trinh tran xa 1 Song Than.

Dé nghi TVTK va Chu dau tu can nhic, xem
xét ky dé c6 phuong an xt ly thich hop, dam
bao an toan, phat huy hiéu qua céng trinh.
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