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NGHIEN CUU CHE PQ THUY LUC VA PHUONG AN CAI TAO
TRAN XA LUMY LAM - PHU YEN BANG MO HINH FLOW 3D

Lé Thi Thu Hién', Nguyén Vin Chién’

Tém tit: Bai bdo sir dung mé hinh thiy lyc 3 chiéu Flow 3D trong mé phong dong chay qua tran,
bé tiéu nang My Lam, Phii Yén. M6 hinh thity dong luc hoc Flow 3D dia trén hé phwong trinh
Navier-Stokes la cong cu hitu hiéu trong mo phong cdc ddc tinh thuy lyc phirc tap cua dong chay
qua cac cong trinh thuy 10’1' Cao d6 mdt thodng ciia dong chdy tinh véi cdc cdp lweu lwong khdc
nhau dwoc so sanh véi s6 lidu thi nghiém. Bén canh do, chi ra nhitng ddc diém thuy luc trén tung
hang muc cong trinh duoc chz ra nhw song xién tren doc, tach dong tai doan uén cong mé rong,

giao thoa dong chay. Pé xudt pthO’ng dn cdi tao mo tiéu nang trong bé tiéu nang.
Tir khoa: Flow-3D, tran xa 1d, bé tiéu nang, dac tinh thuy lyuc.

1. PAT VAN DE

An toan dap va cac cong trinh phu trg nhu
tran xa 1, céng, v.v... luon déng mdt vai trd
quan trong trong quan Iy luu vuc, ho chia &
Viét nam. Sy hu hong cia cac dang cong trinh
nay s€ dan tdi nhiing thi¢t hai, hdu qua kho
ludng ca con ngudi va vat chat ¢ ha luu cong
trinh do song i vo dap giy nén. Vi vay, viéc
nghién ctru ddc tinh thuy lyc cua dong chay qua
cac cong trinh nay ung véi cac cip lam viéc
khéc nhau ludn cin dugc xem xét. M6 hinh toan
va mo hinh vat Iy da va dang la cong cu hiru ich
trong nghién ctru cac hién tugng thuy luc phic
tap xuat hién trong dong chdy qua céc cong
trinh thuy loi (Kumcu, 2016). Demeke va nnk
(2019) st dung md hinh Flow 3D md phong
dong chay qua hé thdng cong trinh tran xa 1i,
kénh dan ha lyu. Salmasi va nnk (2018) lai dung
md hinh Fluent két hop thuc nghiém nghién ctru
dong chay qua cac bac nudc. Mo hinh toén, tir
lau luoén dugce coi 1a cong cy hitu hi¢u trong mo
phong céc bai toan thuy dong luc hoc. Péc biét,
voi sy phat trién cta cong nghé thong tin, cac
phin mém tinh thuy lyc ra doi c6 kha ning mod
phong dong chay c6 do chinh xéac 16n khi c6 ké
to1 tinh réi, tinh nhét cta chit 16ng, ké toi su
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tuong tac gilta pha 1ong voi pha rdn hay hién
tugng tron khi. Gan day, Flow 3D duoc coi 1a
mot cong cu hitu hi€u trong nghién ctru cac bai
toan thuy luc phtre tap. Flow 3D md phong dong
chay dang 3 chiéu dua trén mé hinh toan RANs
dé giai hé phuong trinh Navier-Stokes. D& Xuan
Khéanh va nnk (2018) da ding mé hinh ndy md
phong dong chay qua tran Ophixerop Pdong Nai
hay Lé Thi Thu Hién va nnk (2018) lai tinh toan
luc tadc dung vao vat can dya vao Kkét qua ap suét
tinh bang Flow 3D. Tran xa lii My Lam, Phu Yén
1a mot trong nhitng hang muc cong trinh quan
trong cua hod chira nude My Lam. Nam 2007, du
an xay dung thi nghiém mé hinh cua tran &
truong Dai hoc Thuy loi duge thiét 1ap nham thi
nghiém tim ra nhiing sai sot trong phuong an
thiét ké tran. Trong ndi dung bai bao nay, cac tac
gid dung md hinh toan xac dinh cac dac trung
thily Iuc ctia dong chay qua tran xa lii ndy bang
md hinh Flow 3D. Céc két qua tinh theo md hinh
toan dugc so sanh véi gia tri do dac bﬁng mo
hinh vét 1y. Bén canh d6, cin ctr vao cac két qua
md phong thity Iuc chi ra mot s6 bat hop 1y ctia
khoang cach cac md tiéu nang, sy tach dong tai
phan déc udn cong v.v... ciia phuong 4n thiét ké,
tir 46 dé ra phuong 4n cai tao, sira chira.

2. PHUONG PHAP NGHIEN CUU

2.1. M6 hinh véat ly

Cong trinh tran My Lam gdm c6 cac hang
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muyc chinh nhu sau: Phin ddp tran cong c6 3
khoang, bé rong mdi khoang 1a 8m; cao trinh
dinh tran 1a 26,4m. Sau tran 1a déc nudc c6 do
dbc 7%, bé rong cua dbc 1a 28m. Cubi dbc co
doan vira udn cong vira mé rong di vao bé tiéu
nang ha luou. Bé ha luu c6 bd tri hai hang mb
tiéu ning. Cudi bé tiéu ning c6 tudng tiéu ning
cao 5m. Chiéu dai toan bo cong trinh 1a 145m.
Du an xay dung mo6 hinh vat ly tran xa i M§
Lam do truong Pai hoc Thuy lgi thuc hi¢n nam

2014 tai phong Thi nghiém Thuy lyc. M6 hinh
duoc xdy dung véi ty 16 1/40 nham kiém tra cac
dac tinh thuy lyc nhu myc nuéc, luu tdc, ap suét
trén tran, ddc nudc, bé tiéu ndng va phat hi¢n
nhitng yéu té thity Iuc bat loi trudc khi dé xuét
diéu chinh phuong an thiét ké ky thuat, (Hinh 1)
(Nguyén Vin Tai, 2008). Cac diém do dac &
trén tran va déc nudc duge lay & tim tran, cic
diém do & bé tiéu ning liy trudc va sau cic
hang mo tiéu ning.

Hinh 1. M6 hinh thi nghiém tran My Lam

Céc gia tri thyc do trén mé hinh dugc nhan
voi ty 1€ mo hinh dé ra céc kich thudc trén
nguyén hinh, sau d6 so sanh voi cac két qua

tuong Ung trong mo hinh toan. Bén truong hop
thi nghiém dugc ldy dé so sanh véi két qua cua
Flow 3D la:

Bang 1. Cac trwong hop thi nghiém

Truong | Luulwong | Tan suat Cao trinh muc nudce thugng luvu | Cao trinh myuc nude
hop Q (m’/s) P(%) Zr1 (m) ha luu, Zyg (m)
1 800 33,48 10,68
2 1177 1,0 34,89 12,00
3 1642 0,2 36,62 13,12
4 1803 0,2 37,23 14,29

Trong d6: Q = 1177 m’/s & trieong hop 2 la heu lwong thiét ké bé tiéu nang.

2.2. M6 hinh toan

M6 hinh thuong mai thuy dong lyc hoc 3
chidu Flow-3D duogc xdy dung bai cong ty Flow
Scien INc. Trong nhitng nim gan ddy, mé hinh
nay dugc st dung rong rai do kha nang xu ly
dugc nhiéu vin dé thuy luc cia dong chay.
Flow 3D dua trén phuong phéap thé tich hiru han
giai hé phuong trinh bao toan khdi lwong va

dong luong Navier-Stokes 3 chiéu. Su thay doi
mach dong luu tc va mach dong ap sudt 1a dic
trung dién hinh ctia dong chay rbi. Bé md phong
dugc chinh xac thanh phan van tdc hay ap suét
tirc thoi 1a diéu rat kho khan. Vi vay cac dai
lugng nay trong hé phuong trinh Navier-Stokes
duogc thay bang cac gia tri trung binh thoi gian.
Vi du thanh phan van tdc tirc thoi:
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u; = ui + u;'
trong d6 u;” 14 thanh phin mach dong Iuu téc.
H¢ phuong trinh Reynolds- trung binh

Navier-Stockes (RANS) dugc viét dudi dang:
o, _

—=0

o (1)
ow, _ou 1op  om oum,

S e B SOV R b

o ox,  pox,  axox,  Ox,

trong do:

u;p 1 thanh phan van tc va ap suét trung
binh thoi gian; Lj 1a chi sb chi phuong; g: gia
tc trong truong.

Trong nhiéu mo hinh dong rdi ciia Flow 3D
nhu m6é hinh mét phuong trinh k, hai phuong
trinh k-[J hay Renormalization Group (RNG)
thi m6 hinh RNG duoc coi la hiru hiéu hon ca
khi m6 phong dac tinh cua dong chay qua cac
cong trinh thuy lgi nhu dap tran, doc nudc
(Kumcu, 2016). Vi vay, trong bai bao nay mo
hinh dong 161 RNG duoc st dung.

Mo hinh Flow-3D verson 11 duogc st dung
dé mdé phong dong chay qua tran My Lam ¢
nguyén hinh. Dung AutoCAD-3D moé phong
cong trinh, sau d6 xuét ra file dang stl roi dwa
vao Flow 3D (Hinh 2). Chi tiét cic hang muc
cong trinh dugc chi ra trong hinh 3.

Poan ubn cong

Tran

¢ tiéu nang

Hinh 2. M6 hinh tran trong Flow 3D

Mién tinh toan duoc chia thanh 2 block nhu
hinh 2. Block 1 gom tran va doan déc khong ké
doan udn cong. Block 2 1a phan con lai. Bién
trén cua Block 1 c6 dang Specific pressure la
muc nudc thugng luu, bién dudi Block 1 1a
symmetry, hai bén 1a wall. Phuong z: Trén va
dudi tuong tng la symmetry. Block 2 cling cé
bién trén la symmetry, bién dudi la Flow out.
Do nham bé mit cong trinh 1a n = 0,017. Diéu
kién ban dau cta bai toan 1a cao trinh muc nudc
thuong luu dap tran va ha luu bé tiéu nang nhu
s lidu trong bang 1.

Chia mién tinh todn thanh cac 6 luéi dang
Catersian, kich thudc theo cac phuong déu béing
0,5m. Tong s6 6 Iu6i 1én t6i 800.000 6. Thoi gian
tinh toan 1a 100s d& dong chay dat toi trang thai on
dinh. Thoi gian chay may tinh 1 10 gi mdi phuong
an. Kich thudc mdi file két qué 1én t6i 7-8 GB.

Chd mé ring
~3

Hinh 3. Tran hinh cong, tru pin; doan déc uén cong va phan ha luu

3. KET QUA VA THAO LUAN

3.1. So sanh véi s6 liéu thye do

Dé kiém tra do tin cay cia m6 hinh Flow 3D
trong mo phong dong chay qua tran, cac s liéu
cao d0 muc nudc tinh toan tai 10 diém do tai
tim tran duoc so sanh véi sd liéu thuc nghiém
trong ca 4 phuong an tinh, (bang 2).

Nhin chung, cac sai sé giita mo hinh toan
va moé hinh vat Iy khoang 5-7%, & cac cip
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lwu lwong nhd, cac cip luu luong 16n hon sai
s6 16n hon. Tai diém do V8, sai sd ¢ ca 4
cép luu luong lan lugt 13 2,97%:; 0,7%; -
2,83% va -0,14%. Tuy nhién, tai mot sb
diém do, gia tri nay van thién 16n nhu tai
V10. Két qua nay chi ra rang, mé hinh Flow
3D hoan toan phu hop trong viéc mo ta dong
chay qua cac cong trinh thuy loi c6 ché do
thuy luc phuc tap.
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Bang 2. Cao d¢ muc nwéc tinh toan va thuc do

Toa

7 i Q=1803 m’/s Q=1642 m’/s Q=1177m’/s Q =800m’/s
DPiém * )
@ |y | Zo | 2w | a0 | Zu | Zwn | Sai | Za | Zur | Sai | Za | Zu sz)l
(m) | (m) |s6(%) | (m) | (m) |s6(%)| (m) | (m) |s0(%) | (m) | (m) %)

V1 74 369 | 356 | 3,52 | 36,0 | 35,0

2,89 | 34,5 | 334 | 3,16 | 33,0 | 322 | 242

V2 10,5 | 35,6 | 34,5 | 3,20 | 343 | 33,8

1,54 | 32,0 | 32,0 | -0,13 | 30,8 | 30,8 | -0,03

V3 16,7 1 33,7 30,5 | 941 | 323 | 29,5

8,73 | 28,6 | 28,5| 0,35 | 27,6 | 27,0 | 2,32

V4 1202 1296 275 | 7,16 | 28,5 | 26,0

8,60 | 248 | 24,5 1,09 | 23,2 | 23,0 | 0,95

V5 1294 214 | 193 | 9,85 | 20,6 | 19,0

7,59 | 183 179 | 2,40 | 16,9 | 17,0 | -0,71

V6 30,0 205| 19,0 | 7,36 | 19,5 | 18,7

4,00 | 18,0 | 17,8 | 1,28 | 16,5 | 16,9 | -2,30

V7 1389 193] 17,0 | 11,86 | 19,0 | 16,8

11,55 | 16,8 | 16,2 | 3,81 | 15,6 | 15,7 |-0,32

V8 1608 | 175 | 17,0 | 297 | 172 ] 17,1

0,70 | 15,6 | 16,0 | -2,83 | 14,5 | 14,5 | -0,14

VO 1763 | 143 | 143 | 0,14 | 13,2 | 13,0

1,52 | 140 | 124 | 11,64 | 13,3 | 11,8 | 11,45

vio | 833 1102 | 11,0 | -7.83 | 9,1 | 9,0

0,77 | 96 | 86 110,20 8,5 | 8,0 | 533

3.2. Cac dac trung thiy luc trén ciac hang
muc cong trinh

3.2.1. Trwong dong chdy trén déc nwde

Do anh huéng cia cac try pin ma trén doc
nudc hinh thanh cac song xién va dap voi nhau
va va dap v6i thanh bén & gan cudi dbc. Pic
tinh nay dugc thdy trén ca md hinh vét Iy (Hinh

Hinh 4. Song xién trén

maximum flow depth contours
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1) va mo hinh toan (Hinh 4). Ngoai ra, cting do
tinh chit nay ma khong phai ¢ tim tran do siu
hay van tdc 1a 16n nhat ma tai vi tri xuét hién
gan nudc do sau 14 1on nhat, van tdc 1a nho nhét
(hinh 4, 5). Hinh 5 ciing cho thdy c6 su chénh
léch dang ké giita do sdu tai gan nudc voi mép
tuong (8,08m so vdi 0,2m).

0.0 6.6 13.1 19.7 26.2

velocity magnitude contours

0 ——
50 240 = 530 x 820 1110 1400
tran va cdt doc tran
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Hinh 5. Bé sdu va vén toc trung binh tai mat catx = 82,25m, truong hop Q = 1 642m’/s.
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3.2.2. Swtich dong tai doan déc uon cong, mé réng
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pressure contours
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Hinh 6. Sy tach dong tai doan mé réng. a) O = 800m’/s; b) Q = 1803m’/s

Hinh 6 chi ra anh hudéng cuia doan m¢ rong
khi Iuu lwong dong chay thay ddi. Khi luu
lugng dong chay nho, dong chay van bam sat
thanh ddc nudc, tuy nhién trong trudng hop Q =
1803m’/s, hién tuong tich dong xay ra ca hai
bén thanh. Vi vay, lya chon géc mo hop 1y cua
doan mé rong nay dé giam thiéu hién tugng tach
dong ciing nhu giam kich thudc bé tiéu ning
phia du6i can duoc luu y.

0.7 50 ° 2.3 13.6 17.9 222 26.5

colored by 3d velocity magnitude

1.0

65.0 80.0 95.0 X 110.0 125.0 140.0

3.2.3. Bé tiéu niing

Bé tiéu ning c6 cac md nham gia cudng, vi
vay dong chay tir trén déc xudng va dap vai cac
dau mb nham gay ra sy nhiéu dong 16n. Ngoai
ra, muc nude ha luu bé cao hon thanh bé nén
trong khoang thoi gian ddu nudc tir ha luu tran
vao trong bé, sau d6 gy nén sy giao thoa giira
hai dong chay nay (hinh 7).

0.2 4.4 87 129 17.2° 214 25.7

1.0

65.0 80.0 95.0 X 1100 125.0 140.0

Hinh 7. Si giao thoa giita dong chay thwong va ha leu trong bé tiéu ning

3.3. Phuong an cdi tao

Trong phuong an thiét ké cua tran xa 1i My
Lam, mé trén 2 hang duoc xép so le v6i hang
trén c6 14 md va hang dudi c6 15 md. Ding
diéu kién ban dau ¢ truong hop 3 14 truong hop
thiét ké cong trinh dé kiém tra va d& xuét
phuong an cai tao. Sau khoang thoi gian tinh
toan 100s, dong chay trén cong trinh dat 6n

1130 1200

‘650 8.0 970

145.0

dinh, nuéc nhay xuét hién trong bé tiéu nang
khong phai 1a nudc nhay ngap. Can c6 phuong
an cai tao dé tao ra nudc nhay ngap trong bé dé
tong nang lugng tiéu hao trong bé 1a nhiéu nhat.
Vi vy, cac tac gia dé xudt phuong an giam sb
lwong mb trén mdi hang di hai mb va sip xép
lai, nwdc nhay xuét hién trong bé hoan toan
ngap, (Hinh 8).

6.2 8.0 9.8 11.6 134 15.2 17.0

free surface elevation contours

1.0

65.0 81.0 97.0

113.0 129.0 145.0

Hinh 8. Nuéc nhay trong bé tiéu ning- phwong dan thiét ké (trdi); sira doi (phai)
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Két qua trén hinh 9 cho thdy, khi giam sb
lwong md nham di, ning lwong don vi mat cét
sau bé tiéu ning giam di (10,12m so voi 8,97m).
Dong chay ha luu bé kha 6n dinh trong khi ¢

6.01 6.69

specific hydraulic head contours

10.5 T

10 L

0.0 7.0 14.0 21.0 28.0 35.0

Y

phuong an thiét ké vin con sy nhidu dong. Didu
nay cho thiy phwong 4n cai tao stra chita da lam
cd hi€u qua trong ti€u hao ndng lugng dong
chay sau bé tiéu ning.

8.97

specific hydraulic head contours

0w 70 14.0 21.0 28.0 35.0

Y
Hinh 9. Nang lwong don vi mdt cdt sau bé tiéu nang. - phwong an thiét ké (trdi); sira doi (phdi)
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Hinh 11. Qué trinh vdn téc triede va sau moé Q = 1177m’/s.

Két qua trong hinh 10, 11 lai 1a qué trinh
muyc nude va van toc trude va sau md ldy & tim
dong chay ¢ ca hai trudong hop thiét ké va sira
d6i. PO sau dong chay trudc md va sau md
phuong an sira doi ting nhanh chéng va 6n dinh
& 100s, trong khi ¢ trudng hop thiét ké do sau
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nhé hon nhiéu. Piéu nay cho thiy nuéc nhay
khong t6i dugc vi tri md tiéu nang. Mat khac,
van toc dong chay truée md lic dat 100s nho
hon rit nhiéu so véi phuong an thiét ké
(5,78m/s va 19,21m/s). O sau md ciing thiy xu
thé tuong tyu (2,87m/s va 6,25m/s).
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4. KET LUAN

Tran xa li My Lam 14 cong trinh c6 nhiéu
hang muc nén ché d6 thuy lyc cia dong chay
qua cdc hang muc nay xdy ra kha phuc tap.
Mo hinh Flow 3D c6 kha ndng mo ta ddc tinh
thay luc cua dong réi 3 chiéu trén cong trinh
chinh xac va tryc quan. Cac hi€n tugng thuy

dong chay dd dugc md ta bang Flow 3D. Két
qua muc nude tinh theo mo hinh todn da duogc
so sanh voi s6 lidu thuce do trong ca 4 cip luu
lugng cho thay sy phu hop cao. Ngoai ra, sira
chita phin cdu triic cia md tiéu ning trong bé
tiéu ndng da lam gidm nang luong dong chay
di dang ké, dong chay tap trung vao giita bé

luc nhu séng xién, tach dong hay sy giao thoa nhiéu hon.
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Abstract:
STUDY HYDRAULIC CHARACTERISTICS FLOW OVER
MY LAM SPILLWAY AND PROPOSE A MODIFIED PROJECT
BY FLOW 3D MODEL

This paper is dedicated to simulate the flow over spillway and stilling basin of My Lam — Phu Yen.
A commercial hydrodynamic software Flow 3D based on Navier-Stokes equations is an efficient
tool to estimate the complicated hydraulic characteristics of this flow. The good agreement between
computed water elevation and observed data is shown. Besides, the detail hydraulic features in
each segment is indicated such as: oblique wave on spillway chute; separated flow at curve and
enlarge segment and the interaction between upstream and downstream flow. Propose a modified
project of dissipated obstacle on stilling basin.

Keywords: Flow 3D; spillway; stilling basin, hydraulic characteristic.
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