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Tém tit

Tdc dng ciia bién doi khi hdu dan t6i dong lii
tang cao dot ngot tai cdac cong trinh cum dau moi,
lam néi bt tam quan trong cia viéc nghién citu
va trién khai cac giai phdp cong trinh théo lii hiéu
qua. Pdp tran phim piano, mét gidi phap day hira
hen, dang la doi twong dwoc nghién cieu va iimg
dung rong rdi trong cdc dw an thuy loi, thuy dién.
Pdc diém néi bdt la kha nang théo ting 4 dén 5
lan so véi tran thuc dung khi ciing diéu kién bé tri
va dong chay. Nhiéu céng trinh nghién civu dd xdc
dinh anh hwong cia hinh hoc ddp dén kha nang
théo hay néi tiép dong chay qua ddp véi ha heu tai
cde ddp tran c6 do chénh muee mede thap. Nghién
ctru nay s dung moé hinh toan nghién ciru tmg xie
dong chay qua tran phim Piano néi tiép véi béc
tiéu nang co do déc I6n tai dir an thuy dién Nam
Si Luong 4. Két qud nghién cieu lam ré mot sé déc
diém chinh ciia dong chdy qua ddp tran phim
Piano trén céng trinh dau méi. Pong thoi bai béo
s dung phwong phap Omega (€2) nhdn dién va
phdn tich xody trén bic nude, tiv d6 lam ré co ché
tiéu tan nang lwong va hiéu qua tiéu nang cua gidi
phap bdc nudc ha luu dap.

Tw khoa: Ddp tran phim Piano, M6 hinh Flow-
3D, phwong phap Omega, nhan dién xody, ng xur.
Abstract

Impacts of climate change, which result in sudden
increases in flood flows at headworks structures,
emphasise the critical importance of advancing
research and implementing effective engineering
solutions. The Piano spillway, a promising
solution, has been the subject of extensive
research and application in irrigation and
hydroelectric projects. Its standout feature is the
ability to increase discharge capacity by 4 to 5

times compared to practical spillways under

similar arrangement and flow conditions.

Numerous research projects have investigated the
influence of dam geometry on the ability to
discharge or connect the flow through the dam to
the downstream at spillways with low water level
differences. This study employs a mathematical
model to examine the flow behaviour through the
Piano spillway connected fto the energy
dissipation step with a significant slope at the
Nam Si Luong 4 hydropower project. The research
results shed light on some key flow characteristics
through the Piano spillway on the headworks.
Additionally, the paper utilizes the Omega method
to identify and analyze vortices on the water step,
thereby elucidating the energy dissipation
mechanism and the energy dissipation efficiency
of the downstream water step solution.

Keywords: Piano key spillway, Flow-3D model,
Omega method, vortex identifier, flow behavior.

1. Pat vin dé

Trong nhirng nam gf?ln day, dac biét la sau con bao
Yagi, vin dé an toan cic ho chira va tinh trang ngép
lut ha du céc cong trinh thuy lgi - thuy dién da thu hut
su quan tim manh mé& tir cac cdp quan 1y, ciing nhu
cac nha nghién ctru trong va ngoai nude. Su bién ddi
khi hau, cing véi nhimg thay ddi trong ché d6 dong
chay i v& cac hd chura, da gdy anh huong bt loi dén
kha ning xa li ctia cong trinh. Diéu nay dat ra yéu cau
cép thiét phai ting cudng nang luc thoét Iii, nham dam
bao an toan trong qua trinh van hanh céc ho chira.

Pap tran phim Piano 1a mét trong cac giai phap
thoat 1ii dugc nghién ciru va phat trién trong nhimg
nim gan day. Day 1a loai hinh dap tran c6 kha nang
thao rat 16n, gap khoang 4-5 lan so v&i dép tran thuc
dung khi cing cac diéu kién bd tri va dong chay [1].
Voi dac diém hinh hoc phuic tap va nhiéu tham s nhu:
Chiéu rong 6 phim vao, ra; chiéu dai 6 phim; d¢ ddc
phim; chiéu cao dap,... Nhiéu cong trinh nghién ctru
trén mo hinh vat 1y va mé hinh s6 vé anh huong cia
cac thong s6 hinh hoc dap va dong chay dén kha ning
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thao cua dap, nhiing cong trinh nghién ctru nay lam rd
va hoan thién, gin nhu ddy du vé pham vi nay cua dap
[1-6]. Cac nghién ctru vé dap tran phim Piano chua yéu
dugc thyc hién trén thi nghiém trong phong vé xac
dinh kha nang thdo va tim céc déc trung hinh hoc tdt
nhat cho h¢ s6 thao ma phén loai dap tran thanh 4 loai
A, B, C, D [3], con theo TCVN 12262: 2018 phén
thanh 2 loai (PK 1 va PK 2) c6 khuyén cao 4p dung
cho cong trinh thuy loi - tran xa 1ii ¢ Viét Nam [4].

V6i su phat trién manh mé cua may tinh, phuong
phap tinh toan dong luc hoc chat 1ong (CFD) trd nén
nhu mét cong cu hitu hiéu cho céng viéc nghién ciru
cac déc tinh dong chay phirc tap nhu cong trinh tran,
bé tiéu ning. Phuong phap CFD c6 uu diém vuot troi
trong phan tich cac dac trung dong chay nhu trudong
van tdc, ap suét, dong rdi, ham khi. Day 1a hudng tiép
can hiéu qua gitp cong viée nghién ciru vé dong chay
qua tran duoc chi tiét va sang t6 hon [7].

Céc nghién ciru trude day tap trung nghién cuu
dong chay trén tran phim Piano c6 chiéu cao dap thap,
ha luu ngdp nude [1], ma chua nghién ciru dén trudng
hop tran Piano trén dap co chiéu cao 16m, d6 dbc cao.
Nghién cttu nay m6 phong dong chay qua dap tran
phim Piano cho cong trinh thao 1i cta thuy dién Nam
Si Luong 4. Thong thuong véi dép cao, chiéu ngang
hep, phuong an xa 1d ctra van luén dugc uu tién. Tuy
nhién phuong an nay chi phi xdy dung va van hanh
t6n kém, khong linh hoat khi 1ii vé dot ngot. Dy an
thity dién Nam Si Ludng 4 1a mot cong trinh tiéu biéu
vé giai phap thoat lii cho dap cao (theo TCVN
9147:2012), 1a su két hop giira ctra van va tran phim
Piano. V&i chiéu cao dap 16n nén can co ndi tiép tiu
nang sau tran Piano, ¢ day st dung bac tiéu nang.
Nghién clru nay tap trung lam rd dac trung cua dong
chay qua dap tran va nbi tiép véi cong trinh tiéu ning
béac nudc trén déc nude. Cung véi do, nghién ciru sir
dung phuong phéap nhéan dién xody Omega (£2) [8, 9]
dé 1am rd sy hinh thanh va phat trién xoay nudc, gitp
hiéu rd hon vé qua trinh tiéu tin ning luong trén bac
tiéu nang. Tir cac két qua thu dugc s& phan anh 13 Gng
xur (dic trung, dién tién, hinh thanh, phat trién) cua
dong chay trén bac tiéu nang ¢ ha luu dap tran Pinao.

2. No¢i dung va phuwong phap nghién ciru
2.1. Mé hinh thiiy lyc

M6 hinh toan Flow-3D c6 thé xir 1y rat nhiéu van
d8 thuy lyc phire tap d6i v6i tuong tac giita dong chay
v6i cac thanh phan cong trinh x4y dung nhu: Bé tiéu
nang, dap tran, céng thoat nudec,... [10, 11]. M6 hinh
dva trén viéc giai phuwong trinh tong quat Navier-
Stocks. Do chinh x4c ciia két qua mé phong phu thude
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nhiéu vao viéc chon mé hinh rdi. M6 hinh rdi RNG k-
& va phuong phép thé tich chat long (VOF) [12] dugc
st dung rong rdi va chung minh su phu hop trong mo
phong dong chay qua dép tran [11, 13, 14].

2.2. M6 hinh ddp tran Piano va cdc truwong hop
nghién ciru

Dbi twong nghién ciru trong bai viét nay 1a dap tran
xa lii cao 51m c¢6 dau tran phim Piano ctia Thuy dién
Néam Si Luong 4 tai sudi Chay & huyén Mudng T¢é tinh
Lai Chau. Cum cong trinh tran két hop xa qua ctra van
va xa tran tu do phim Piano [15]. Phin tran phim
Piano dugc thé hién trong Hinh 1a. Cac thong s6 chinh
ctia dap dugc thiét ké nhu sau: Chiéu rong 6 phim vao
varalal,7m; chiéu day thanh cac 6 phim 0,3m; b6 tri
6 phim vao va 6 phim ra; b tri bac tiéu ning ngay sau
dap tran, chiéu rong va chiéu cao mdi bac lan luot 1a
1,6m va 2,0m [16] (chi tiét xem Hinh 1b). Ngudng
tran Piano bang cao trinh muc nudce dang binh thudng
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b) MGt cdt tran phim Piano

Hinh 1. Chi tiét dgp tran phim Piano thuc té va thiét ké
Nghién ctru thye hién cac méd phong sé dong chay
qua tran vai cac gia tri myc nudc tt MNDBT dén muc
nude 1 kiém tra (MNLKT) = 415m, bai bao thuc hién
vOi 3 gia tri cot nude trén dinh tran nhu thé hién ¢ Bang
1. Trong d6: H, cft nudc trén dap tran, MNTL 1a muc
nudc thugng luu.
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Bing 1. Trwong hop mé phéng va diéu kign dong chdy
Ho MNTL

M©& hinh (m) (m) Ghi chi
1 1,2 414,2 -
2 1,6 414,6 -
3 2,0 415,0 (it kiém tra)

2.3. Thiét ldp pham vi va cdc diéu kign bién mé
phong

Nghién ctru st dung phan mém SketchUp dung
3D mo6 hinh cong trinh dap tran phim Piano, sau do
chuyén mé hinh 3D sang dinh dang file.stl dwa vao
md hinh thuy lyc Flow-3D thuc hién mé phong. Mién
khong gian tinh toan dugc chia thanh 4 khéi ludi nhu
Hinh 2. Trong d6, pham vi dap tran Piano dugc bb tri
ludi min (lu6i t6t) nhdm ndm bit cac ddc trung thuy
lyc qua tran tot hon; pham vi hd chira (khéi 1) va ha
luu dap (khéi 3, 4) dugc b tri cung kich ¢& phén tir
ludi. Ludi duge su dung trong mo phdng la ludi cod
cAu triic (Ax = Ay = Az). Dya trén mot s6 cong trinh
khoa hoc dé cong bd trudce day sir dung mé hinh toan
trong nghién ctru dong chay qua tran va kinh nghiém
st dung mo hinh toan [11, 14, 17, 18], nhém nghién
clru @& xuat kich thude ludi bao gdm: Kich thudc phan
tr & ludi 0,1m cho khédi 2 va 0,2m cho cac khdi ludi
con lai, véi tong sb 4,1x10° phan tir ludi dugce thiét
1ap, dé thuc hién mo phong va danh gia do chinh xéac
cua két qua sau mo phong.

Bién tuong
a) Lu6i va diéu kién bién

Kénh ha luu
Bién doi xtrng
Hudng dong chay
« HO chira k— DPap tran, bac nu6c  —»4— Kénh ha luu

b) Mdt bang ddp tran Piano
Hinh 2. Mién khéng gian tinh todn v diéu kién bién
Dé phuc vu mo phong can thiét 1ap cac diéu kién
bién phi hop. Bién thugng Iuu (hd chira) duge gan 1a
muc nudc hd chura, tuong Ung véi mdi cdt nude trén
tran H,. Bién ha luu gan dong chay tw do véi ap suét
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khi quyén p,. Bién trén 13 bién mit thoang chit long
tiép xtic véi moi trudng khi quyén; bién day ho chira,
déap tran va kénh ha luu dugc thiét 1ap 1a tuong cb
dinh; hai bén d4p dang lya chon 1a bién ddi xung (do
tinh chit di xtng cta cac phim Piano trén mit bang),
chi tiét bd tri cac didu kién duge thé hién trén Hinh 2.
3. Két qua va thio luin
3.1. Xdc nhén két qui mé hinh todn

Dé danh gia sy phu hop giita mo hinh thuy lyc va
két qua tinh toan thiét ké cong trinh thoat Iii ciia cong
trinh thuy dién Nam Si Luong 4 [19]. Trong nghién
clru ndy, nhom tac gia sir dung cac thong s6 vé muc
nuéc hd chira (cot nudc trén tran H,) va hé sb luu
luong qua dap tran phim Piano véi trudng hop
MNLKT = 415,0m (H, = 2,0m).

V& téng thé, kha ning théo dap tran Piano duoc
xac dinh theo cong thirc:

Q= k.s.ap.m.B.H.\/p (D

Trong d6: Q la luu lugng thdo cua tran Piano
(m/s); k 1a hé s6 xét dén anh huéng cua dia hinh
duong bo trude tran, hudng va phan bb dong chay dén
tran, tuong quan giira chiéu rong va chiéu sdu dong
chay dén véi tran dang phim dan Piano; & 1a hé s6 co
hep dong chay do anh hudng ctia cic md bién mo giira,
tru cau; op la h¢ s6 chay ngap; m 1a hé s6 luu luong,
dao dong trong khoang 4,2 + 4,5 tuy thudc vao dang
mit ct tran.

Miit thoang chit long

V (m/s)
20

H) chira

Vv (m/s) o aaae—
10 15 20

Thuong luu

b) Mt bing dong chay qua dép tran Piano
Hinh 3. Két qud trwong vin toc dong chiy qua dgp tran
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Két qua mé phong dong chay qua dép tran dugc
thé hién trén Hinh 3 bao gdm hinh anh 3D dong chay
qua dép va mat bang thé hién dong chay qua cac phim
vao, ra ciia ddp tran Piano, cting nhu nbi tiép ha luu
dap vai bac nude. Tir Bang 2 cho thdy sai s giita két
qua mé hinh Flow-3D va tinh toan thiét ké d6i véi cot
nudc trén tran va hé sé luu lugng qua dap kha nho (<
6%). Do d6, kich thudc phan tir 6 ludi dugce lya chon
o trén phu hop voi bai toan nghién ctru mé phong
dong chay qua dép tran, kich thudc nay sé dugc ap
dung cho cac truong hop khac cia nghién ctru.

Bing 2. Két qui so sanh thong sé dong chdy dap trin

Cotnuée tran Ho ()~ Heé s6 Iuu lugng (m)

Thiét Sai  Thiét Sai
TT Mo < Mo

ké ° % ké s6
phong phong
[19] ) [19] (%)
1 2,00 197 150 4,50 427 511

3.2. Pic diém dong chdy qua dip tran Piano va
bdc tiéu nang

Tuy thudc vao dac trung hinh hoc cua dép tran
phim Piano (thiét ké kich thu6c phim vao va phim ra),
ot nudce H, trén tran ma didc diém dong chay qua dap
¢6 thé duoc phéan dinh ranh giGi rd rang hodc khong.
Véi truong hop mé phéng cho MNLKT = 415,0m
tuong ung voi cot nudce trén tran Hy = 2,0m, dong chay
qua dép tran dugc thé hién chi tiét trén Hinh 4. Tu
Hinh 4a, cho thiy dong chay duoc phan thanh 3 phén:
Phan thtr nhit dong chay tran qua tudng thuong luu
phim ra; phan thir hai tran qua c4c thanh bén cua phim
vao, n6 tao thanh cac ludng nude roi truc tiép xudng
6 phim nudc ra; phan thir ba dong chay qua cac tuong
ha luu phim nuéc vao (xem Hinh 4c), hinh thanh cac
ludng nude roi ty do vao khong khi, cudi cia ludng
nudc va cham véi 16p dém nudce trén bac tiu nang do
dong chay trén phim ra tao nén trén bac nudc.

Hinh 4d thé hién rd ddc diém dong chay trén phim
vao, dong nude tir hd chira tién vao 6 dén nude co bé
mit thoang. Dong chay nay khong phai 1a duong nam
ngang nhu dong chay trén cac dap tran thuc dung,
dinh rong truyén thong ma c6 dang vong 1én & giira
phim sau d6 ha dan (duong nudc d6) vé cac thanh bén.
Dong chay ngang hinh thanh trén dap tran, ludng nudc
trén thanh bén bd sung mot luong rat 16n luu lugng
xudng 6 phim ra, 1am ché d6 dong chay phim ra tré
nén phtrc tap hon.
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V (m/s)

"\ Anh huong dong chay 20
A \ W

@ \‘;/ qua thanh bén 15
B N

Mat nudce

¢) Mt cdt dong chdy phim vdo

Phim vao

Béc nudc

d) Mt cdt ngang dong chay cudi phim tran

Hinh 4. Phéiin bé trwong vin téc dong chiy qua dip trin

Dong chay trén phim ra, c6 vai tro chu yéu trong
viéc thoat luu luong Iii (Hinh 4b). Nudc tir hd chira
qua tuong thugng luu phim hinh thanh dong chay trén
ddc nude co do dbc 1on. Van tée dong chay tang dan
hudng theo ha Iuu phim va cé thé dat t&i hon 10m/s.
Ddng thoi dong chay trén phim ra chiu anh hudng truc
tiép boi dong chay qua thanh bén phim vao hinh thanh
cac dong lién tuc va khong lién tuc phan b theo chiéu
dai phim tir thwong luu vé ha luu.

Hinh 4c thé hién dong chay qua tuong ha luu phim
vao. Phia cudi ludng nude gan tiép xic v6i dong chay
trén bac ti€u nang. Tai vi tri nay, luf)ng nudc co thé
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thanh dong chay khong lién tuc, c6 sy tron khong khi
vao ludng.

Véi mue nudce i kiém tra, trén bac nude hinh
thanh dong chéay ludt “skimming flow”. Do d6 lam
tang hiéu qua tiéu nang trén bac nude khi két hop véi
ché do phirc tap ciia dong chay qua dap tran Piano,
dong phun qua phim vao va dong chay trén dbc nudc
d6 ddc 16n ¢ phim ra, xem Hinh 4a, b va c.

Puong dong

Dap tran

Bac nudce

a) Hinh anh 3D dwong dong qua ddp tran Pinao

Puong dong
V (m/s)

20

15

10

A o1 N 5
HoO chira bap tran :

Bac nudc

L 5 lﬁ Ha luu
b) Hinh anh 2D dwong dong qua ddp tran Pinao
Hinh 5. Hinh dnh 3D va 2D dwong dong qua ddp tran
Tuong tac dong chay gitra cac phim vao, ra va bac
tiéu nang dwoc lam rd hon trén thé hién dac trung
duong dong qua dap va bac nudc nhu Hinh 5. Hinh
nay cho thiy sy phirc tap ctia dong chay qua dap va
nbi tiép v6i bac nude. Dde nude hinh thanh cac duong
dong cong 16 rét, cho thiy tao thanh cc xody nudc
tiéu tan nang lugng ngay trén bac nudce.
3.3. Nhin dién va phén tich dién bién ciu tric
Xody nwoc trén bdc tiéu nang

Dé xac dinh hiéu qua tidu ning hay muc do tiéu
tan nang lugng du thura cia dong chdy sau cong trinh
thao 1, thong thuong dua trén viéc so sanh nang
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luong giita hai mat cét thuong va ha luu cong trinh.
Do d6, cach tiép can nay da khong 1am rd qua trinh va
vi tri cu thé xay ra tiéu tan ning lugng trong dong chay.
Nhiéu nghién ctru trén thé gidi da chi ra rang xody
nudc dong vai tro quan trong trong viéc gay ra tiéu tan
nang lugng. Vi vay, viéc nhan dién va phan tich xody
nudce tro thanh mot cong cy hiru ich dé danh gia hiéu
qua qua trinh ti€u tan nang lugng trong dong chay.
Sy xuat hién céc cau triic xoay trong dong chay
lam tang murc dd hdn loan cua dong chay tir d6 lam
tang kha nang ti€u tan nang lugng. Hién nay, c6 mot
s0 phuong phap phan tich xody nhu tiéu chi Q [20],
day 1a phuong phap truyén thdng, dwoc st dung trong
phén mém CFD, tuy nhién tdn tai mot sé nhuoc diém
vé xac dinh gi4 tri ngudng dé nhan dién rd cic xody
va phu thudc nhiéu vao kinh nghiém cua nha nghién
ctru. Gan day, mot s phuong phap méi nhan dién
xody t6t hon nhu Omega (£2) [8, 9] trong nhan dién
xody, phwong phap 2 ¢6 vu diém vuot troi voi gia tri
0,52 xac dinh dugc xoay hinh thanh. Trong nghién
cru nay str dung phuong phép 2 dé nhan dién va
phan tich dién tién cdu triic xody nudc, cac biéu thirc
xac dinh gié tri Q2dugc dé cap trong phuong trinh (2).

0= b
T a+b+e

a = trace(4T 4) = 211 Zj:1(AU)2 )

2)

b = trace(BT B) = le Zj=1(3”)2 “4)

Trong d6, ma tran 4 va B 1a cac thanh phan dbi
ximg va phan déi xtg cua ten xo gradient van toc V.
Pé tranh treong hop chia hét cho 0, mot tham sé
duong nhé & duoc thém vao miu sb bén phai cua
phuong trinh

Dua vao két qua md hinh CFD va code cua
phuong phép €2, nghién ctru da thé hién dugc cac
truong gia tri nhan dién xody trén Hinh 6 phu thudc
vao cft nudc trén tran va cung xét vdi thoi gian mod
phong t = 100s.

Vé6i cot nude trén tran thay dbi tr MNDBT dén
MNLKT thi bac nuéc dam bao kha ning tiéu tan phan
16n nang lugng trén cac bac (Hinh 6). Cac cau tric
X04y xuét hién véi cuong d6 cao va pham vi 16n tai
cac vi tri ma dong phun (ludng nude) tir phim vio roi
truc tiép xuéng béc nudc, cac vi tri nay khong ) dinh
ma thay ddi theo chiéu cao cOt nudc trén tran, cu thé
voi ¢t nudc H, nhd dong phun roi trén cac bac nudc
gﬁn ha luu dép, véi MNLKT thi vi tri gé‘ln pham vi
cudi bac nudc. Trong pham vi xuat hién xody cuong
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dd cao, hinh thanh dong phun trén bac nudce, hay cac
x0dy cudn trong dong chay ting muc hdn loan cia

dong chay.

(t=100s)

Hb chira

Omega 028 033 038 043 047 052
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Hinh 7. Diéen bién cdu tric xody nwdc trén bdc tiéu nang

theo thoi gian (1) vdi cot nwoc H, = 1,2m
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Hinh 7, thé hién dién tién cAu tric xody cia dong
chay xuét hién trén bac nude theo thoi gian, tai thoi
diém dong chay bét diu tran qua phim Piano (t = 30s)
cac xody xuat hién tai cac bac nude chan dap, luc nay
dong chay méi bat ¢au ché do chay, tiép theo thoi gian
t = 40s, 60s cho thay su dich chuyén cac xody nudc
trén bac tiéu nang xudi xuéng ha luu dap, tai gia tri t
= 100s dong chay qua dap dat trang thai on dinh, vi
véy ciu truc dong xody xuat hién kha day di trén cac
béc nude. Dong phun ty do tir phim vao khi roi xuéng
mat doc nudce s& gap 16p dém xody nudc ngay trén mit
béc. Lép dém xody nudc giir vai tro nhu b giam chan,
giam tac dong cua dong nudc 1én bé mat tran, bao vé
16p bé tong.

4. Két luan

Nghién ctru da ap dung phuong phap md hinh toan
xay dung co s¢ dit liéu ) phuc vu cho viéc phan tich,
danh gia va lam rd hon cac dic diém chinh ciia dong
chay qua dap tran phim Piano, ciing nhu su ndi tiép
dong chay vdi bac tiéu nang cho cong trinh thiy dién
Nam Si Ludng 4, noi ¢6 d¢ chénh myc nudc thugng
luu va ha luu 16n.

Bai b4o di sir dung phuwong phap Omega dé nhan
dién, phan tich dién bién xody nudc trén cac bac tiu
nang dugc bd tri ¢ ha luu dap tran, tir 6 1am ro hinh
thire ti€u tan nang lugng dong chay trén cac bac nudc,
day 1a cach tiép can méi trong van d& xem xét, danh
gi4 tiéu ning trén déc nude. Thém nira nghién ciru s&
1a co s& dé nguoi thiét ké chon bé tong mac cao hon
tai cac vi tri c6 xody nudc manh.
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