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NGHIEN CUU DONG CHAY TREN DOC NUGC SAU TRAN
CO TRU PIN BANG MO HINH TOAN KET HQP THU'C NGHIEM

Nguyén Vin Tai, Lé Thi Thu Hién
Truong Dai hoc Thuy Loi

Tém tit: Dong chdy trén doc nwde sau try pin xudt hién cdc gan mede néi cao, cde gan meée ndy va
cham nhau, va cham vao tuwong bén tao nén mét ludi chuyén déng cia cdc gin nwde. Bai bdo nay siv
dung mé hinh s6 tri 2D-FV mé phéng dong chdy 3 chiéu nay trén doc nude, dp dung cho dong chay
trén déc nude cia tran xa li hé chira nude Ta Ruc, tinh Khanh Hoa. Két qua nay dwoc kiém dinh
bdng mo hinh vat ly dwoc thuc hién o Phong Thi nghiem Thuy lyc, Truong Dai hoc Thuy loi.

Tir khéa: Doc nwde, gén nwéc, phwong phdp sé, 2D-FV, dong chdy 3 chiéu.

Summary: The flow over chute spillway after pillars occur water waves. These waves collide
each other and collide to the side walls of slope, causing the grid of water waves. Using a
numerical model, namely 2D-FV to simulate this 3D flow over Taruc spillway — Khanh Hoa
casestudy. This result can be validated by a physical model constructed in the Hydraulic Lab of

Thuyloi University.
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1. PAT VAN PE

Nhirng nghién ctru dong chay qua tran xa 1t c6
dbc nuéc duge cac nha khoa hoc nghién cuu
kha nhiéu. Cac cong trinh c6 cac cong trinh
phu tro phtic tap can phai kiém tra qua thi
nghiém mo hinh vat ly.

Trong nghién ciru dong chay bang mé hinh vat
ly, cac hién tugng vat ly dan duogc sang to.
Bang tryc quan dong chay trén déc nude sau
tran xuat hién hién tuong tach dong rd rang,
cac xoay cuc bo sau tru pin xuat hién, dau ddc
nudc, do anh hudong ctua céac try pin nhu cac
vat can cta dong chdy chinh nén trong dbc
nude xuat hién cac gan nudc ndi cao sang 2
phia xudt phat tir cac tru pin, cic gn nudc ndy
va cham vao nhau, va vio tuong bén rdi phan
xa vao dong chay, hon hop cac gan nudc nay
tao thanh mot ludi gan nudc chuyén dong
trong déc nude. Tuy nhién két qua cac do dac
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cac yéu t thuy luc nhu: Van téc, ap suit, cao
d6 mit nudc trong doc nude chi dugc thé hién
VvGi cac gia tri trung binh, khong thé hién hay
md phong duoc mo hinh khong gian 3 chiéu
dé thé hién ludi cac gan nudc chuyén dong,
can sy md phong bang mo hinh toan.

Tt lau, m6 hinh toan dugc coi la cong cy hitu
hi€u trong viéc mé phong cac hién tugng thuy
luc phtrc tap. Thong thuong, khi tinh toan thuy
lyc dong chay trén doc nuéc thuong ap dung
phuong phép sai phan truc tiép. Két qua chi
liy cac gia tri muc nude va luu tde trung binh
mit cat ma khong dua ra dugc hinh anh 3D vé
dong chay trén ddc. Mb hinh toan hai chiéu c6
thé mo phong chinh xac hinh anh dong chiy
khong déu trén ddc. Lé Thanh Hung (2016) [1]
dd ap dung mot md hinh sé tri nghién ctru
dong chay xiét trén déc nude c6 doan thu hep
dé chi ra do anh hudng cua doan thu hep nay
ma trén dbc hinh thanh cac song xién. Thuc té
chi ra rang, dong chay trén ddc sau tran c6 tru
pin s& hinh thanh luéi gan nudc chuyén dong
lai chua dugc nghién ctru. Vi vay trong bai bdo
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nay, cac tac gia st dung mot mo hinh toan dya
trén hé phuong trinh nuéc ndng phi tuyén hai
chiéu (2D-NSWE) dugc giai bang phuong phap
thé tich hitu han loai Godunov (FVM) dé mo
phong bai toan nay. Két qua dugc kiém ching
b?lng s6 liéu do sau, van toc thue do cua dong
chay trén déc nudc tran Ta Ruc - Khanh Hoa.

2. NOI DUNG NGHIEN CUU

Tran xa 1& Ta Ruc 14 cong trinh dau mbi quan
trong cua Hb chira nudc Ta Ruc, nim trén dia
phan xa Cam Phudc Tay, huyén Cam Lam,
tinh Khanh Hoa. Tran x4 1&i hd chira nuéc Ta
Ruc c6 dang hinh cong khong chian khong
dang Corigio-Ophi xérop véi 3 khoang, chiéu
rong mdi khoang 13 8,0m, ddc nudc duge xdy
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dung sau tran, cudi doc nudce 1a miii phun, tiéu
nang bang dong phun - ho x6i.

Déc nudce sau tran: Dc nude c6 mit cat chir
nhat, cudi déc nuwéc 1 miii phun, hinh thic
tiéu ning bang mang phun véi cac thong sd
chinh nhu sau:

- Chiéu dai ddc nudc : Ly = 100m;

- Chiéu rong déc nudc : B = 28m;

- D6 dbc cua dbc: S, = 12%;

- Hé $6 nham: n=0,017;

- Luu lwong thiét k& Qrx= 799m’/s
- Luu lwong kiém tra Qgr= 996m’/s

2.1. Nghién ctru trén mo hinh vat ly

|
'6,188m

13,812m

Hinh 1: So do vi tri cac mat cat do vdn toc, ap sudt va cao do mat nudc trén doc nuoc.

Mo hinh thi nghi¢m tran x4 It Ta Ruc duogc
xay dung va thi nghi¢m tai bai thi nghi¢m
ngoai troi cua Truong Pai hoc Thuy lgi. M6
hinh duoc xay dung theo tiéu chuan Frouds
v6i ty 1& hinh hoc L,=40, cic ty 1& vé van
tdc, luu lwong dugc 13y twong tGng véi tiéu
chuan da chon nhu sau (Tran Qubc Thudng
(2005), [2]:

- Ty 1é van toc, V. = L, "= 6,3245
- Ty 18 luu lwong: Q. =L, > =10119,29
- Ty 1& hé s6 nham: n, = L,"® = 1,849

Mo hinh dugc xdy dung 1a m6 hinh khong
gian, 1ong cimg, chinh thai. Cac yéu t6 thuy

luc nhu duong mat nudce, luu tdc, ap luc, ché
d6 ndi tiép ha luu dugc phan anh day du va
chinh xac. Cac bd phan cia mé hinh (ca phan
tran va doc nuéce) duoc ché tao bang kinh hiru
co ¢6 d§ nhdm tuong Ung vo1 ty 1€ thich hop.
Phian hd chta thuong luu va hé x6i ha luu
duoc trat bang xi ming cat den min va thoa
man ty 1€ mé hinh. Toan bd khoang céach, cao
do trong md hinh dam bao dd chinh xac cho
phép. Khoang cach, mit cit ngang, cat doc va
cac chi tiét cua dap tran, déc nude duoc kiém
tra bang bang thudc thép kep co6 do chinh xac
1/10mm.

Thi nghiém v6i phuong an thiét ké va kiém tra
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khi mé hoan toan 3 cura, [3]. Cac vi tri do dac
van toc, cao do mit nudc, ap suat duoc léy
theo cac mit cit trén so dd tai vi tri tim tran
(khoang giita), tim ddc nudc, tim hé x6i va
kénh ha luu.

Muc nudc tai kénh dan thuong ha hru dugce do
bang may thiry binh Sokkia do Nhat ban ché tao
va thuoc thép. Cao d6 duong mat nudc & kénh
thuong luu va kénh ha Iuu lay tai tim cua kénh,
trén tran va doc nudc cao do duong mat nudc
liy & gitra khoang tran thir 2 va tim doc nudc
trén cung mat cit v6i cac mat cit do van tdc.
Van toc dong chay qua dap duoc do bang thiét
bi dién tir P.EMS cua Ha lan voi dau do E40 va
E30. Tin hiéu do dugc xtr Iy qua phin mém cia
phong Thi nghiém Truong Pai hoc Thuy loi.
S6 liéu muc nude va luu tde tai cac vi tri duoc
do dac trén md hinh va tinh to4dn cho nguyén
hinh dugc thé hién trong bang 1 va bang 2.

2.2. Nghién ciru bing mé hinh toin

Hé phuong trinh nudc nong phi tuyén hai
chiéu dang bao toan duogc viét dudi dang
vector (Cunge va nnk, 1980), [4]:

Y, KO AU s, w)+s,0) 1)
ot ox oy
At At
Ui,j] = Ui,j _A_X[Km/z,j _Ki—]/Z,j]_A_y[Hi,jH/Z _Hi,j—]/2]+AtS]i.j +AtSZi.j

Trong d6 cac chi sd trén n 1a budc thoi gian;
chi s6 dudi i va j 1a vi tri cac 6 ludi theo
phuong x va phuong y; At, Ax, Ay la budc thoi
gian va khong gian ciia mién tinh toan.

Cac thong lugng K, ;3 H; .y, va s6 hang do
déc day S
phdp Flux Difference Splitting duoc gidi

iy duoc phan ra theo phuong

o
Ax Ay
+S;

+
]x(i—]/2,j)) +A1(S 1y (i, j+1/2) +S

n+l n
Ui _Ui - (Ki+]/2,j _Ki—]/Z,j)_

i,j+1/2

+ At(ST

Ix(i+1/2,))
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1y(i,j-1/2)

Trong d6, U 1a vector bién; K va H 1a cac
thong luong theo cac phuong x va y; S; va S,
13 s6 hang d6 dbc day va do doc ma sat.

h hu
U=|hu|; K(U)=| hu®+05gh* |*
hv huv
[ hy
H(U) =| huv (2)
| hv? +0.5gh*
O " 3)
a ; 9
S,(U)= sl S,(U) = _5e
Ox p
_an % 1,
- P | L P
V61 14 va 1y duge tinh theo:
2
7
=Gl e =i o G = ()

hl/3

h 13 do siu; u va v 1a cac thanh phan van tc
theo cac phuong x va y; z, 1a cao do day; n 1a
h¢ s6 nham Manning; g 1a gia toc trong
truong.

Hé phuong trinh (1) dugc gidi theo phuong
phap thé tich hiru han loai Godunov,

)

thiéu 1an dau boi Hubbard va nnk, (2000),
[5]. Phuong phap nay nham dam bao su
can bang chinh x4c giita thong luong va sb
hang nguon.

Cubi cung, biéu thirc dé giai hé phwong trinh
2D - NSWE theo phuong phép sb di chon la:

_Hi,j—]/Z)

(6)
)+ At-S,
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Tac gia da ty xay dung chuong trinh tinh co
tén 1a 2D-FV bang ngdn ngit Fortran90 dua
trén phuong trinh nay. Tinh chinh xac va hi¢u
qua cua 2D-FV di duoc kiém dinh va gidi
thiéu trong [6], [7], [8]. Ung dung chuong
trinh ndy vao md phong dong chay trén doc
nuéc Ta Ruc, Quang Nam tinh véi 2 cép luu
lugng Qrk=799m’/s va Qgr=996m’/s. Diéu
kién bién trén gdm d6 sdu va van téc dugc lay
tai dau dbc nude, bién dudi 1a bién mé. Do
dong chay trén dbc 1a dong chay 6n dinh nén
chon thoi gian tinh toan du 16n dé két qua
khong bi anh hudng boi diéu kién ban dau.

00T

0
S x N
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3. KET QUA VA THAO LUAN
3.1. Hinh anh dong chay trén déc

Két qua tinh toan bang phuong phap sé dugc
mod phéng ¢ hinh 2. Hinh anh dong chay trén
dbc nudc sau tran c6 try pin ca trén mo hinh
vat Iy va mdé hinh todn Gng véi gia tri luu
lwong kiém tra 996m’/s c6 sy dong nhit tuong
dbi. Trén dbc hinh thanh cic gin nudc xuat
phat tir dau tru pin dan xen 1an nhau. O khoang
gitta tran ngay dau déc midt nudc bi hom
xudng, hinh anh nay ciing thdy rd trong két
qua 3D cua mo6 hinh toan.

Hinh 2: Hinh anh dong chay trén doc niede mé hinh tran Ta Ruc vmg véi Ogr= 996m’/s
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3.2. P sdu va vén toc dong chay

Su thay ddi muc nuée va luu toe trén mat ct
ngang doc nuéc tinh theo md hinh toan tng
v6i Iuu lwong 996m’/s duge trinh bay trén hinh
3. Két qua chi ra réng, tai vi tri x=20m co su
chénh 1éch d¢ sdu trén cung mot mit cat 1a 16n
nhat 0,9m. Do su hinh thanh hdm nudc tai vi
tri chinh gitra dau déc ma do sau tai tim dbc tai
x=20m nho hon ca tai x=40m (1,42m so voi
2,2m). Van tbc tai vi tri tim dong chay bién doi
tir 17,9m/s tai x=20m lén dén 20,2m/s dat tai
chan ddc, sau d6 giam xudng 19,51m/s tai miii

g £
O =1
M +16%
— d6 sau
~ van tdc
0 T T T 1 5
0 7 Y(m) 14 21 28
3 20
x=60m
21 195
g E
<«©- o
1 +18%
—d06 sau
~van toe
0 ; ; ; 17
0 7 Y(m) 14 21 28
3 21
x=93.81m
5 N A S —
O =1
= 1+ 19€
—d0 sau
~ van tde
0 : : : 18
0 7 Y(m) 14 21 28

Hinh 3: Sy phan bé mure nudre,

hét twong tng v&i x=100m. Hinh 3 ciing cho
thiy, gia tri van téc 1on nhat trén mat cit
ngang dat dugc khong phai ¢ tim dong chay
ma tai vi tri ¢c6 gan nudc, vi du tai mat ct
x=40m, tai gan nudc van toc dat téi 18,66m/s
trong khi tai chinh gitra mat cat van tdc chi la
18,2m/s. Pay la diém thuan lgi cia md hinh
todn so v&i mo hinh vat 1y khi cho ta biét dac
diém thay luc chi tiét trén toan bo dong chay
trong khi thi nghiém chi cho két qua tai diém
nghién ctru.

3 19
x=40m
2 + 184
g E
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— d6 sau
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lwu toc trén cac mat cat ngang

tai x= 20m; 40m; 60m; 80m; 93,81m, 100m
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Két qua d6 sau dong chay va vén tdc thuc do
va tinh bang md hinh 2D-FV tai vi tri tim cac
mit cit x=20m; 40m; 60m; 80m; 93,81m va
100m Gng véi hai phuong 4n Qgr=996m’/s va
Qrk=799m’/s dugc thé hién 1an luot trén bang
1 va 2. Chi s6 Nash tng v6i do sau dong chay
twong Gmg v&i 2 phuong an trén lan luot la:
68,14% va 81,6%. Chi s6 Nash tng voi van
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tbc dong chay ciing twong tng véi 2 phuong
an d6 1an luot 1a: 77,44% va 75,31%. Picu d6
cho thdy mé hinh toan mé phong kha phu hop
dic diém cua dong chay trén dbc sau tran co

try pin. Tuy nhién, gitra tinh toan va thyc do
c6 sy sai khac (dic biét tai vi tri dau dbc) vi
mo hinh toan do tac gia lya chon khong mo ta
tinh rdi ctia dong chay.

Bing 1: Két qua d siu dong chay theo mé hinh vét Iy va mé hinh toan

Cao do,| Pau Trén | Trén | Trén | Trén DPiém Mui
| Q dosau| déc | dbéc | dbéc | dbc | dbc thé’p phun
(m’/s) |Vi tri nhét
€] 2) 3) 4 () (6) (7
Khoang cach (m) 0 20 20 20 20| 13,812 | 6,188
K/c cong don (m) 0 20 40 60 80| 93,812 100
Cao d6 day (m) 45,38 | 42,98 | 40,58 | 38,18 | 35,78 34,23 35,5
D0 sdu (m) -
1 | 996 M0 hinh vt ly 2,48 1,60 | 2,10 2,00 1,85 1,67 1,64
D0 sdu (m) -
Mo hinh toan 1,42 222 2,12 1,86 1,66 1,63
2 | 799 B¢ sau (m) -
M0 hinh vt ly 1,75 1,44 1,82 1,77 1,62 1,45 1,46
D0 sdu (m) -
M0 hinh toan 1,3 1,89 1,80 1,60 1,45 1,43
Bing 2: Két qua véan toc dong chay theo mé hinh vat Iy va mé hinh toan
Q Van toc Pau ddc |Trén déc |Trén ddc [Trén doc Trin ]?1em p Mai
TT (ms) doc | thapnhat | phun
Vi tri () 2 ) (4) &) (6) (™)
Khoang cach (m) 20 20 20 20 13,812 | 6,188
K/c cong don (m) 20 40 60 80 93,81 100
1| 996 | Vantdc (m/s)-
M0 hinh vét ly 18,25 18,4 18,7 19,2 19,8 20,3 | 19,52
Van toc (m/s)-
MO hinh toan 179 1820| 1898 | 19,8 20,2 | 19,51
2| 799 | Vantéc (m/s)-
M0 hinh vat ly 1631 | 17,42 | 1829 | 1890 | 19,28 19,58 | 19,21
Van toc (n/s)-
Mo hinh toan 17,06 | 18,01 | 18,80 | 18,88 19,10 | 18,79
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3. KET LUAN

Tinh chat thay lyc phic tap cua dong chay
trén déc nudc sau tran cé tru pin hoan toan cé
thé dugc mo phong bang chuong trinh tinh
2D-FV. Su xuét hién ludi gan nudc trén doc
do anh huong cua tru pin cong trinh thuy loi
Ta Ruc - Khanh Hoa duoc chi ra bang ca mé
hinh vat 1y va mé hinh toan. Két qua thuy luc
phan bd muyc nude, luu tc trén cac mat cit

ngang dua ra bang md hinh toan duoc mod ta
chi tiét cho thay tai vi tri xuat hién gan nudc
trén dbc, van toc 14 16n nhat. Mt khac, két
qua tinh d6 sau va van tdc tai tim cAc mat cat
dugc so sanh v&i sb lieu thuc do voi hai
phuong 4n luu luong trén ddc cho thiy kha
pht hop. Vi vy, c6 thé dung chwong trinh
2D-FV trong viéc mo phdng céc bai toan thuy
luc dang nay.
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