TIEU HAO NANG LUQNG CUA DONG CHAY QUA BAC NUOC
TREN MAI HA LUU PAP DANG NUGC

Nguyén Cong Thanh', Ha Dinh Phwong’

Tém tat: Dong chdy tran qua mdi ha leu dip ding bang vit liéu dia phirong (VLDP) ¢é thé gay ra
x6i 16 va lam mdt an toan cho céng trinh.Cé nhiéu phirong phdp bao vé mdi ddap VLDP trong
trwong hop nay da dwoc nghién citu va phdt trién nhi xdy dung bdc miwdc bang bé téng trén mdi
ddp, gia cé bang ro da, da dé hay bang cdac tam bé tong dic san.v.v...Méi phwong phdp déu cé
nhitng wu diém va nhwge diém riéng. Mot trong nhitng van dé can dwoc quan tam dé la hiéu qua
tiéu hao nang heong cia céng trinh bdo vé mdi doc trong truong hop muwde tran qua dinh ddp.
Trong pham vi bai bdo nay, ung dung cua bdc nudc trong viéc bao vé mdi dap dat va mot sé bién
phdp ndng cao hiéu qua tiéu ning cia cong trinh nay sé dwoc dé cdp. Thém vio dé, phirong phdp
$0 sé dwoc g dung trong viéc mé phong dong chay hai pha qua bdc nude dé danh gid dnh hwdng
ciia hé s6 mdi doc va so do bo tri bic nwée téi kha nang tiéu hao nang heong ciia dong chay trong
truong hop nay.

Tir khoa: Bic nudc, dap dét, tiéu ning dong chay, bao vé mai déc dap, mo phong s, dong chay 2 pha.

1. GIOI THIEU CHUNG

1.1. Tong quan chung vé bic nuéc

Bac nudc da dugce xay dung va sir dung cach
day hon 3000 nam (OId Stepped Spillway in
Akarnania, Greece) va da c6 nhiéu cong trinh
dugc xdy dyng tir cudi thé ky 19 cho dén nhiing
nam dau thé ky 20. Cung voi sy phat trién cua
cong nghé xiay dung nhu Bé tong dam lin
(RCC), ro da su dung soi polyme.v.v..., cling
nhu cic thanh tyu trong nghién ciru vé van dé
ham khi va xam thyc ctia dong chay trén bac
nudc, su tiéu hao ning luong, didu nay dan dén
viéc ing dung bac nudc trong cong trinh thuy
lgi ngay cang rong rdi. Ngoai viéc viéc ung
dung két hop dap dang va dap tran trong két ciu

dap RCC, bac nudc con duge xay dung trén bé
mat mai doc cua cac dap dat, dap da dd nhim
cho phép nude co thé tran qua dap ma khong
gdy mat an toan cho cong trinh. Viéc xay dung
bac nuéc trén bé mit cac mai doc cua duong
giao théng nhim bao vé cho mai dbc ciing la
mot ung dung cua dang cong trinh thdo nudc
nay. Viéc ung dung bac nudc thuong dugc ap
dung voi truong hop 6 Iuu lugng don vi q < 30
m’/s/m boi vi nguy co xdy ra sy phd hity bé mit
bac nudc do xam thyuc trong nhiing truong hop
luu lugng 16m M
1.2. Ung dung bic nwéc bao vé mai dap
dit trong trudong hop nuwéc tran qua dinh
dap

Melton Dam (Australia, 1994)
Hinh 1. Ung dung bdc nude bao vé dip dat trong trieong hop nude tran qua dinh ddp

! Bai hoc Xdy dung (NCS, Pai hoc Ho Hai, Trung Quoc)
2 Th.S, Pai hoc Xdy dung

KHOA HQC KY THUAT THUY LQ'l VA MOI TRWONG - SO 46 (9/2014)

Salado Creek Dam Site 15R (USA)

Hién nay, do anh hudéng cta cac diéu kién
thoi tiét cuc doan nén luu lugng dong chay vao
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mua 1i ¢ xu huéng ting lén. Két qua 1a luu
luong thyc té cao hon luu luong thiét ké. Néu
cong trinh thao lii khong du kha nadng thao sé€
gdy ra sy mat an toan cho toan bo hé thong cong
trinh ddu méi. Do vay, mot s6 bién phap nhim
bao vé dap dat va dap da trudc kha ning nudc
tran qua dinh dap da dugc nghién ctru va phat
trién. Nhing giai phap nay bao gom mot sb bién
phap chinh nhu xdy dung bac nudc bang bé
tong trén mai dap, gia cd mai dap bang ro da,
tim bé tong dic san, thiét ké mai dap thanh
duodng tran nudc theo nguyén 1y tén thit ning
luong tdi thiéu.v.v... Mot trong nhimng giai phap
vira thuén lgi trong thi cong, ciing nhu hi¢u qua
trong viéc tiéu hao nang lugng cia dong chay
do6 1a st dung bac nuoc dugc xay dung ngay
trén mai dap. Véi dac diém dap dat c6 hé sb6 mai
dbc tuong ddi thoai thi giai phap nay thuc su
dem lai hi€u qua va da dugc nghién cuu va tng
dung nhiéu trén thé gisi [2-3].

Uu diém cia viéc ung dung bac nudc so véi
cac phuong phap khac d6 1a khong nhiing hi¢u
qué trong viéc tiéu hao nang luong cua dong
chay cao hon ma con han ché dugc vin dé xam
thuc bé mit cong trinh so véi déc nude truyén
thong. Ngoai ra do trong lwong ban than ctia bac
nude (thuong dugc 1am bang bé tong) nén kha
nang chdng duoc ap luc diy ngugc cia dong
tham 1a cao. Tuy nhién van dé ndi tiép, thoat
nude giita bé mat dap dang va bac nude ciing 1a
nhugc diém cua giai phap nay.

Vin dé nghién ctru

Trong pham vi bai bao nay, mét s6 dic diém
ciia dong chay trén bac nudc nudc c6 do doc
trung binh (pht hop véi mai doc cua dap dat)
cling nhu dic diém tiéu hao ning luong cia
dong chay sé dugc trinh bay. Bén canh d6, mot
sO giai phap ting cuong kha ning tiéu hao ning
lugng ctia dong chay trén béc nudc s€ dugc gidi
thiéu. Cudi cung, phuong phap sé s& duoc tng
dung dé md phong dong chay trén bac nudc cin
cat vao hé phuong trinh Reynold-Average

(Z_J : E(mnw (5.7°<6<55")
A

¢

g(mn 0)"" > (Z—J > 13(tan @)’ — 2.73(tan 0 )+ 0.373, (5.7° <0 < 19°)
c/B

Navier Stocks két hop mé hinh dong chay rdi k-
€ va moO hinh dong chay 2 pha. M6 phong sé
dugc thyc hién trén mot sd so dd bac nude dé
danh gia hiéu qua tiéu ning cua timg so d0. Két
qué tinh toan s& dugc so sanh véi mot sd cong
thirc thuc nghiém dé kiém chimg lai mic do
chinh xac cta nhiitng mo hinh nay.

2. MOT SO PAC PIEM VE DONG
CHAY TREN BAC NUGC

2.1. Phén loai dong chaiy trén béc nuéc

Dong chay trén bic nude c6 thé duoc phan
thanh ba dang chinh nhu sau: ‘Nappe flow’,
‘transtion flow’ va ‘skimming flow’". Tuy
thudc vao luu lugng ciing nhu kich thudc cia
bac (h,: chiéu cao bac, I : chiéu dai bac) ma
hinh thanh ché d6 chay trén bac nudc. Tiéu hao
ning luong chi yéu do ma sat cua ciia dong
phun tur bac trén véi khong khi cling nhu ma sat
v6i 16p dém nude o bac dudi va mot phan trong
nuéc nhiay & bac nudc voi ché do ‘Nappe
flow’va ‘transtion flow’. Khi luu lugng tang 1én,
dong chay s& chuyén sang ché 46 ‘skimming
flow’. Pay 1a ché do pho bién nhat cta dong chay
trén bac nudc. Ti€u hao nang lugng cta dong
chay trong truong hop nay chii yéu dé duy tri 6n
dinh cac xody nudc giita nim giita cac canh cua
bac nudc va day gia dinh (hinh 2). Nhitng xody
nudc nay dugc duy tri boi ing sut réi giita dong
chinh va dong chay tuan hoan ngap bén dudit.
Trong pham vi bai bao ndy, van dé tiéu hao ning
luong cua dong chay sé& chi dugce xem xét véi ché
d6 dong chay‘skimming flow’.

Pap dat thuong duogc thiét ké voi hé sb mai
déc m = 2.5-4 (14.04° <0<21.8°). Trong truong
hop nay ché do ‘skimming flow’ c6 thé phan
thanh 2 trudong hop 1a loai A va loai B, Tiéu
chuén cho su phan loai nay phu thudc vao goc
nghiéng ctia mai ddc @, chiéu cao bac h va do

sdu phan giéi h (h =3/q’/g) va dugc thé
hién qua cong thirc (1) dudi day:

(1)
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2.2. Tiéu hao ning luwgng cia dong chiy trén
béc nudce trudmg hop mai doc c6 dd doc trung binh

Pé danh gia kha nang tiéu hao niang luong
ctiia dong chay, hé s ma sat /. thuong duoc sur
dung. Trong ché do ‘skimming flow’, hé s6 ma
sat duoc biéu dién thong qua quan hé:

Pay gia dinh

Déygié dinh ;\1%\\\:1\\; _
§

(c) Loai B

Hinh 2. Cac dang dong chay ciia ché dp
‘skimming flow’ ung voi mai doc khac nhau
(a)35°20219° (b) Logi A, (c) Loai B

(]9“ 21925.7")
1
fs=-0(9,pj

s

2)

Trong d6 F,la so6 Froude cua bic nudc va
duoc xac dinh theo cong thure

A%
— c
FS =

Jeh,

Cac két qua nghién ciru nhu tai liéu [5-6] da chi
ra rang so v6i trudng hop dbc nude phang lam bang
bé tong, gia tri hé sé ma sat ciia dong chay trén béc
nuéc thuong 16n hon 5.5+ 73 lan. Day chinh la
nguyén nhan dan dén hiéu qua tiéu hao ning lugng
cta dong chay trén bac nudc 1a 16n hon dang ké so
voi dbc nudce (hé s ma sat trén doc nudc bang bé
tong thuong trong khoang /' =0.014+0.02 7,

- —— — Budng nang lugng
= —
~
= /7
s 4‘
—

VOl v, =q,/h

3)

Hinh 3. Cdc thong so co ban cua bdc nuoc

KHOA HQC KY THUAT THUY LQ'l VA MOI TRWONG - SO 46 (9/2014)

Dé danh gia higu qua tiéu nang ctia dong chay
trén bac nudc, ty so AE / E, thuong duoc sur dung.
Trongdd E,
hw, AE=E, —E

res

la ndng luong dong chdy phia thuong
véi E_ 1a phan ning luong
con lai ciia dong chay tai mat cét co hep tai chan bac
nuéc va E, =¢(6,f). Cac ky hiéu khac c6 thé
xem thém trén hinh 3. Ty sb AE/ E, _c6 thé duoc

tinh toan bang cong thirc tong quat sau:

-1
AE E H
L | Dy s
2 B 5] @

max c c

C6 nhiéu cong thirc dé tinh toan gia tri phan nang
luong du £ tai ha luu chan dap cua dong chdy. Dai
lugng nay phu thudc vao mic do ham khi ctia dong
chay, chiéu dai ctia bac nudc theo phuong mai ddc,
so dd bd tr, kich thude cua bac.v.v.. .Cong thirc téng
quét xéc dinh £, c6 thé duoc tinh toan nhur sau:

E v f 1/3 ] f -2/3
Sre | s O+ —Ls
h (8sin¢9j o8 2\ 8sinf ©)

c

Céc phuong phap cua Ohtsu¥ va Gonzalez-
Chanson'® déu 4p dung cong thirc (5) nhung cac
xac dinh gia tri h¢ s6 ma sat f.1a khac nhau.
Chi tiét xac dinh f, c6 thé tham khao tai mot s6
tai liéu nhu Ohtsu 'Y, Gonzalez P!, Chanson */,
Felder .

2.3. Mt s6 phwong phap ting cwong kha
ning tiéu hao ning lugng cia dong chay trén
bac nuéc

Nhu d phan tich & phan trén, dé ting cudng
kha nang tiéu hao nang lugng cua dong chay
trong ché d6 ‘skimming flow’ thi can phai ting
su ma sat trong dong chay trén bac nuéc. Cu thé
¢ day la tang cuong kich thudc cua cac xody
nudc gitra hai canh cua bac nudc cling nhu tang
cuong do va cham cua dong chay tir bac trén
xuéng bé mit bac dudi. Bac nudc kiéu truyén
thng thudng duoc thiét ké véi hai canh thang
dung va nam ngang dugc dic trung bang 2 kich
thude A va [ . Pé tang kha ning tiéu hao ning
lugng, mot s6 thiét bi phu thuong duoc gén kém
cung kiéu bac nudc truyén thdng nhu lam béc
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nghiéng vé thuong luu, 1am thém tudng tiéu
nang o cudi bac (bé tri so le hoac toan tuyén),
gén thém cac canh dan hudng trén bé mat bac,
lap ddt mot s6 md try trén bac. .v.v...Chi tiét vé
cac giai phap trén co thé tham khao trong mot
s tai liéu [10-12]. Trong pham vi bai bao nay, 3
so d6 bac nude s& dugc ap dung dé danh gia kha
nang ti€u hao nang luong cia dong chay qua
bac nudc. D6 13 bic nude kiéu truyén thong, bac
nude co tudng tidu ning va bac nudc cd mai doc
nghiéng. Kich thudc co ban cua cic so do nay
dugc thé hién trong hinh 4.

i e

f‘\s -
— s e

7

Lk {hn

Hinh 4. Cac kich thude co ban cua bdc nuoc
trong tinh todan

3. UNG DUNG PHUONG PHAP SO
TRONG MO PHONG DONG PONG LUC
HOQC DONG CHAY QUA BAC NUOC

3.1. Tong quan @ng dung phwong phap sé
trong m6 phéng dong luc hoc dong chay

Cung v6i sy phat trién cua cong nghé méy
tinh cling nhu nhiing thanh céng trong nghién
ctru vé co hoc chit long, viée gidi cac bai toan
dong lyc hoc chat 1ong bang phwong phap sé da
va dang ngdy cang phat trién. Phuong phéap nay
thuong duoc st dung voi thuat ngt CFD
(Computational fluid dynamics). Trong linh vuc
cong trinh thuy lgi n6i chung va dong chay qua
bac nudc noi riéng, CFD da va dang duoc ap
dung rong rai trong viéc tinh todn dong chay
qua cac cong trinh thao Iii, dong chdy trong
kénh ho, dong chay trong dwdong ham, dong
chay trén song.v.v..., va cho nhiing két qua
dang khich 1¢. Viéc tng dung CFD trong mo
phong dong chay qua bac nudc ciing da dugc
thyc hién boi nhidu tac gia nhu Chaiyuth!?,
Rad va Teimouri 'Y, Tabbara!"! v.v... Két qua
so sanh vé ty s6 AE/E,  gilta mo phong va thi

nghi¢m mo6 hinh trong khoang 5-15%. Tuy
nhién cic két qua nghién ctu nay dwoc thuc
hién v6i truong hop bac nudc cdé mai doc 16n
(26.6° < <63.34°), khong phu hop véi mai
dbc cua dap dat.

Trong pham vi bai bao nay, phan mén CFD
FLOW-3D s& dugc tmg dung dé mo phong
dong chay qua bac nudc cd6 mai doc thap va
trung binh /4.04° <0< 21.8°v6i ché do dong
chay ‘skimming flow’. M6 phéng s€ dugc thuc
hién voi cac mai doc va so dd bac nudc khac
nhau (hinh 4) dé danh gia hiéu qua tiéu hao
nang lugng ctia dong chdy. M6 hinh dong chay
rdi k-g ctng véi mo hinh dong chay hai pha s&
dugc 4p dung dé tinh toan cac dic trung cua
dong chdy va danh gia hi¢u qua ti€u nang cua
timg so d0 duoc lya chon trong bai bao nay.

3.2. Ung dung FLOW-3D trong mé phéng
dong chay qua bac nwéc

1) So do tinh todn va diéu kién bién

V6i phan mém FLOW 3D, mién tinh toan
duoc chia thanh cac phﬁn tr hinh chir nhat hodc
hinh vudng. Viéc sir dung loai phan tir nay co
vu diém 1a chia luéi dé& dang, nhanh chéng, qua
trinh giai st dung it bo nhd hon so véi phan tir
tam giac. Bai toan duoc thuc hién véi so dd 2-D
(chiéu rong mé hinh By, = 1m). Bién thugng luu
s& dugc ap dung v6i gid tri tong cdt nude
E, =H,=H+v}/2g(dugc lya chon dé dam
bao ché 46 chay ‘skimming flow’ trong béc
nude). Gia tri luu luong Q va cdt nudc thuc
H s& dugc tinh toan kiém tra lai béng cong thurc
co ban cta dép tran dinh rong dé kiém chung
mirc d6 chinh x4c cia viéc md phong. Chi tiét
vé so dd, mién tinh toan va cac diéu kién bién
khac c6 thé xem trong hinh 3.

B3: Symmetry

B1: Pressure inlet
(Stagnation pressure)

B4: Wall-boundary

datum (No.slip condition)

Hinh 5. So do tinh todn va diéu kién bién
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2) Cac truwong hop tinh todn

Trong pham vi cta bai bao nay, 3 so do bac
nude (So d6 I-bac truyén thong ( hinh 1), So d6
II-bac nudc cd tudng tidu ning va so dd I11-bac
c6 mai doc nghiéng (hinh 4)) dugc mod phong dé
danh gid muc d6 ti€u hao nang lugng cua dong
chay. Chiéu cao cia dép sé& dugc ldy bang
H, =2m v6i 3 truong hop hé sé mai doc

m khac nhau dé danh gia mirc 46 anh hudng ciia

dam

thong sd nay dén két qua bai toan. Nhitng két
qua nay s€ dugc so sanh vdi cong thuc thuc
nghiém da néu ¢ phan trén. Chiéu cao cua béac
nudc A trong nghién ctru nay dugc lay bang
0.05m. Véi kich thudc da cho, tong sd bac
trong cac so d6 N déu bang 39. Cac kich thudc
clia tuong tiéu ning va bac nghiéng dugc lay lan
lugt 1a: w, =0.025m, h, =0.025m, h, =0.02m
(hinh 4). Chi tiét cac truong hop tinh toan va so
dd bac nudc dugc trinh bay trong bang 1

Bang 1. Cac trwong hop tinh toan

So dd I E, =H, 0
TH bac m

nudc (m) (m) (bo)
1 ) 0.125 2.5
2 a 25 0.1 2.5 21.8
3 (I1I) 0.125 2.5
4 ) 0.15 2.65
5 (I1) 3 0.125 2.65 18.43
6 (I1I) 0.15 2.65
7 1)) 0.175 2.7
8 a 3.5 0.15 2.7 15.95
9 (I11) 0.175 2.75

3.3. Két qua tinh toan

1) Luu lwong qua dinh dap

Cong thuc tinh toan luu lugng qua dap tran
dap tran dinh rong trong truong hop khong co
co hep bén, chay khong ngap c6 thé duoc xéac

dinh theo cong thirc saul'*):

Q=m,B, \/EHiS (6)
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Trong d6 : m, 13 hé sb luu luong tmg voi cot
nude thyc té trén tran. Trong truong hop dicu
kién cura vao thuan dong va khong co6 co hep
bén nhu nhiing trudng hop tinh toan trong bai
bao nay, hé sé luu luong c6 thé lay bang
m, =0.375, By 1a chiéu dai ngudng, H, la cot
nude toan phan cé ké dén luu toc toi gan. Két
qua tinh toan tir cong thic (6) va két qua
phuong phap so trong cac trudng hop tinh toan
dugc thé hién trong bang 2 nhu sau:

Bang 2. So sanh luu lwgng qua tran theo
cong thirc (5) va phwong phap sb

So d6 Phuong trinh (6) P

TH béq N Q pﬁ:;jslg Sai s
nudc 0 (m’/s)
1 () 0375 0.587 0.615 4.51%
2 (IT) 0.587 0.605 2.93%
3 dm 0375 0.587 0.610 3.73%
4 ) 0.375 0.870 0.925 5.90%
5 (IT) 0375 0.870 0.890 2.20%
6 Im  0.375 0.870 0910 4.34%
7 ) 0.375 1.079 1.125 4.10%
8 (II) 0.375 1.079 1.115 3.24%
9 dm 0375 1.079 1.120 3.67%

Tir bang trén thay rang chénh léch giira tinh
toan luu lwong bang 1y thuyét va phuong phap
s6 1a khong déng ké. Sai s6 trong pham vi cho
phép. Nhu véy, viéc dung phuong phap sé dé
md phong, tinh toan luu lugng dong chay tran
qua dinh dap dat dam bao du do tin cay.

2) Danh gia muc dj tiéu hao ning lwong
cuia dong chdy qua bdc nwéc

Trude hét, két qua tinh toan bang mot sb
cong thirc thuc nghiém véi két qua mo phong sd
vé hiéu qua tiéu hao ning lugng s& duoc kiém
tra voi so d0 bac nudc truyén théng (so do I).
Két qua so sanh nay duoc thé hién trong bang 3.
Sai s giita cac phuong phap dugc tinh toan
bang cong thirc:
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‘(AE / Emax )Iyrhuyer - (AE / Emax)

phuongphapso

(7

&, (%)= (AE/E )

Iythuyet

Bdang 3. So sanh AE/ E o giiva phwong phdp sé va cong thivc thuwe nghiém

bac TH 3 . % Gonzalez &
rdc (m’/s) Phuong phap so Ostul! g, Chanson(® g,
1 0.615 64.210 54.63 14.92% 61.06 4.9%
)] 4 0.925 46.084 48.86 6.03% 51.36 11.45%
7 1.125 40.665 45.77 12.56% 46.99 15.56%

Két qua mo phong va danh gia mirc do tiéu
hao nang lugng cua cac truong hgp tinh todn
duoc thé hién trong hinh 7 va hinh 8. Hinh 7 thé
hién sy giam di cua dai luong AE/ E,  khi luu
luong ting 1én Gmg v6i ca 3 so do tinh toan.
Ngoai ra, su hi€u qua cua viéc tiéu hao nang
luong giita cac so dd v6i nhau trong truong hop
dap c6 cung hé s6 mai doc ciing duge thé hién
trong hinh 8 thong qua goéc nghién cua mai

dbcd. Két qua chi ra ring so d6 (2) va (3) déu
cho hiéu qua tiéu hao ning lugng tot hon so véi
so d0 (I) nhung su khac nhau giira so do (II) va
(II1) 1a khong nhiéu. Két qua tir hinh 7 va 8
ching minh dugc tinh hi€u qua cua viéc st
dung cac bién phap ting cuong tiéu hao nang
luong cta dong chay (hinh 4) so véi kiéu bac
nude truyén théng (so d6 I) trong bai bao nay
bang viéc ing dung phuong phap so.

AE/Eay (%)
70.0 7 T . i

—4=Bac nuoc truyén thdng-So dé |

65.0 R
=B=Béc nuwdc ¢o twong tigu nang-Sor do |l
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Bac nurdc 66 mai nghiéng-So do Il
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110
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—+=Bac nudc truyén thong-So do |
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=m=Bic nudc co tuong tiéu nang-So db |l
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Bac nwdc c6 mai ddc nghiéng-So 46 l///
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\
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i
=
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55.0

45.0

200 0 (ad)
3

Hinh 6. Bién doi cua dai luong AE/E, .
Voi ty so h /h

Uu diém cia phuong phap sb do 1a c6 thé
cho két qua tinh toan phan bd muyc nudc, ap
suat.v.v... trén toan mién tinh toian ma trong
thuc té sé gap kho khan trong viéc do dac tai
phong thi nghiém. Dé minh hoa két qua thuc
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Hinh 7. Bién d6i cua dai lwong AE/E,
Vi géc nghiéng ciia mdi doc

hién mo phong s6, hinh 8 va 9 thé hién duong
mit nude va dong nang rdi trén bac nude trong
truong hop tinh toan 1 (bang 1). Sy phat trién
dong ning réi thong qua su phat trién cua 16p
bién. Chiéu day cuia 10p bién ting dan va giao
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v6oi duong mat nudc tai mot diém nao d6 trén
bac nudc. Bat dau tir diém nay khong khi bt
dau xdm nhap vao trong dong chay, hinh thanh

free surface elevation contours

)16 0.55 0.94

Hinh 8. Puong mdt nudc (m) trén bdc nuwéec TH
tinh toan 1

4. KET LUAN

Trong truong hop dong chay tran qua bac
nuée trén mai ha lwu dap dang, van dé ting
cuong hiéu qua tiéu ning can dugc xem xét dé
bao vé mai ddc cling nhu khu vuc chéan va ha
lwu dap dang khoi x6i 10 va truot sat mai ddc.
Nhiéu nghién ctru bang thi nghiém mé hinh thiy
luc va phuong phap sé da dugc thuc hién va
mot sb két qua da dugc gidi thiu.

Trong pham vi bai bdo, mot s6 so dd bac
nude trén mai ha luu dap dang nham tang cuong
hi€u qua ti€éu hao nang Iugng cta dong chay so
v6i bac nude kicu truyén thong dwoc dé cap.
Nhiam danh gia duoc hidu qua tiéu hao ning
lwong cua nhing so dd nay, phuong phap sb da
dugc ap dung dé mo phong dong chay qua céac
so do trén. Két qué so sanh vé luu lugng, hi¢u
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nén ché do6 dong chay hai pha trén bac nudc.
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tri khong khi bat ¢iu xdm nhédp vao dong chay.
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Abstract:

ENERGY DISSIPATION OF THE FLOW OVER STEPPED CASCADE ON
DOWNSTREAM SLOPE IN EMBANKMENT DAMS

The flow over downstream slope of embankment dams could cause erosion and unsafety for the
dams. A number of overtopping protection systems were researched and developed for embankment
dams such as minimum energy loss (MEL) weirs, embankment overflow, stepped spillways, precast
concrete block protection systems, etc. Each method has its own advantages and disadvantages. On
of the issues in this case is the effect of energy dissipation of overtopping protection systems. In this
study, the application of overflow concrete stepped spillway to protect overtopping in embankment
and the enhancement energy dissipation scheme will be introduced. Additionally, the numerical
method also will used along with two phases mixture model and k-& turbulence model to simulate
the free flow over stepped spilllway. The influence of some enhancement schemes and embankment
slopes on the energy dissipation are also investigated in this work.

Keywords: stepped spillway, embankment dam, energy dissipation, slope protection, numerical
modeling, two phases flow.
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