DONG LUU TOC CAO VOI PAP TRAN XA LU

Vi Thanh Te
Truong Dai hoc Thuy loi

Tom tét: Khi tinh todn xdc dinh mdt cdt ddp tran, mét vin dé dwoc cac nha thiét ké quan tam la
liew toc dong chdy tén bé mat tran. Néu luu toc trén 18m/s thi ¢d kha ndng xudt hién xam thuc va
khi thuee. DONG chay cé lueu toc cao khdng chi gdy ra hién twong khi thire ma con gay ra mach dong
luew toc; mach dong lwu toc I6n gdy rung dong véi céng trinh. Bai viét gidi thiéu mot sé van dé vé

dong lieu téc cao véi ddp tran xd .

I. PAT VAN DE:

Nhirng nim vira qua nhiéu cong trinh thiy
loi, thuy dién 1on da dugc xay dung. Nhiu cong
trinh ¢6 lwu téc dong chay kha 16n ¢ mit tran,
déc nude... Luu tde ving miii phun nhiéu dap
tran dat tr 25m/s dén 35m/s, nhu: Ban V8, Sé
San 3A, Sé San 4, song Tranh 2, Ban Chat,
Kanak, Ctra Dat, Dinh Binh ...

Luu tdc trén doc nude cua cac dap tran dat tir
18m/s dén 30m/s, nhu: Kanak, Cta Dat, Hoa
Binh, Son La, Tuyén Quang ... khi tinh toan
xac dinh mat cat dap tran, mot sé van dé duoc
cac nha thiét ké quan tam 1a luu tdc dong chay
trén bé mat tran. Néu luu tdc trén 18m/s thi co
kha ning xuat hién xam thyc. Dong chay cé luu
téc cao khong chi c¢6 hién twong giy ra xam
thuc ma con gay ra mach dong luu tdc; mach
dong luu toc 16n giy rung dong dbi voi cong
trinh. Bai viét nay gisi thiéu mot s van dé veé
dong luu tde cao voi dap tran xa I

I1. NQI DUNG, PHUONG PHAP NGHIEN CUU

Bai bao néu vé dong luu tdc cao véi tran xa i
Hién tuong dong luu tc cao phat sinh xam thuc
gay phéa hoai mat tran xa 1ii. Bai bao ciing néu cac
hinh thtre thiét bi thong khi giam xam thuc bé mat
tran x4 1ii. Pong thoi ciing trinh bay thuc nghiém
bé tri, lua chon két cau thiét bi tron khi cho tran xa
[a Ctra Dat - Thanh Hoa. Pay la cong trinh nghién
ctru dau tién ¢ Viét Nam vé giai phap cong trinh
giam xam thyc cho tran xa Iu.

Phuong phéap nghién ctru 1a tong hop cac nghién
clru cta nudc ngodi V& dong hru tée cao, cac két
cau thiét bi thong khi d4 ap dung ¢ nudc ngoai; két
hop véi thuc nghiém dé chon két ciu thong khi hop

ly mot tran xa 1ii cu thé ctia Viét Nam.

I1l. KET QUA NGHIEN CUU

Khi luu tdc dong chay 16n hon 18m/s thi trén
bé mat cong trinh s& xay ra cac hién tuong bt
loi voi két cau va vat ligu, do 1a:

Hién tuong rung dong phat sinh tiéng on.

Hién tuwong xam thuc dn mon cac loai vat liéu
bao vé bé mit cong trinh.

Hién tuong xam thuc phé hoai két cau bé tong.

Anh huoéng dén tudi tho cua cong trinh. Can
phai quan tam nghién ciu.

1. Vé mach dong luu toc

Dong chay trong cong trinh thuy loi, thuy
dién thuong 1 dong rdi; dic biét cac cong trinh
c6 dong hru tdc cao thi d6 rdi cang Ién. Chinh
két cau do rdi ndy khdng ché chuyén dong theo
thoi gian cta dong chay, quy luat sirc can va dic
tinh dong luc co ¥ nghia thyc té d6i voi cong
trinh nhu ti€u nang, tron khi (ham khi), khi thyc,
rung dong .v.v.

Trong nghién ctu két cdu dong rdi theo ph-
wong phap Reynol, dem luu toc mot diém bét ky
ctiia dong chay phan thanh ba thanh phan: U, V,
W; &p lyc p duing cac tham sb vat 1y khéc c6 lién
quan dién ta thanh “Tri sd binh quan theo thoi
gian” va “tri s6 mach dong” tuc 1:

U=U+U;V=V+V o=w+w ;P=P+P (1)

Thong s6 “Tri s6 mach dong” 1a chi lugng
song dao dong trén dudi tri sé binh quan theo
thoi gian. N6 dac trung cho qué trinh dong thai
cia dong chay chuyén dong; trong d6 tri sb
U, V,®,Pchi tri s6 binh quan théng ké theo
thoi gian (tirc 13 ky vong s hoc), dung ky hiéu
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E[U, V, w, p ] dé dién ta cic trang thai cia qua
trinh dién ra, déi voi thong ké binh quan theo
thoi gian thay cho binh quén cua tap hop.

E[U, V,w, p]=U, V,w,P

L1
= Limmao = [[U,V,w, pld )
0

u(t), p(o)

0 -
Hinh 1. Tri s6 mach déng va tri s6 binh quan
theo thoi gian

Trong nghién ctru thi nghiém dac trung cta
dong rdi, viéc nghién ciru luu tbe mach dong 1a
rat quan trong. Vi nd la mot trong nhitng chi
tiéu quan trong nhat biéu thi dic trung dong luc
ctia dong rdi, gia tri cia nd tuy nhd nhung né
dbi véi luc can cua dong chay dong va cac dic
tinh khac déu anh hudng rat 16n.

2. Vé mach ddng ap suat

Nghién cru mach dong ap suit cua dong
chay rbi trong phong thi nghiém 1a mot van dé
quan trong trong thuy luc cong trinh.

Bai 1€ tac dung trén bién caa coéng trinh thay
cong; mach dong ap suat ctia dong chay réi co
quan hé véi su rung dong, xam thuc, ti€u nang,
X0i 10 ctia cong trinh thity cong. Cac van dé ndy
bao gom cac mit:

+ Lién quan dén tai trong cua dong chay ¢
bién cong trinh; trong cong trinh thyc té thuong
gip cac van dé dudi day:

Dudi tac dung caa dong chay co luu tdc cao,
tai trong dong ctia nude trén dinh nha may thay
dién ngdm sau dap, tai trong dong ddi véi cira
van c0 cot nudc cao, tai trong dong cia nude
tac dung trén ban day cia bé tiéu ning, tai trong
dong cua dong chay d6i v6i tuong hudng dong,
tai trong dong ddi v6i tuong bén caa déc nudce
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V.V; CAc Van dé néu trén déu lién quan dén tinh
6n dinh va rung dong cua két ciu cong trinh
thay cong.

+ Tiéng 6n cua dong chay rdi va khi hoa
(giam ap) & thoi diém tirc thoi trong dong chay:

Khi bién ctimg ton tai 4p suat am binh quan
theo thoi gian, do mach dong 4p sudt ma Xxuit
hién khi hoa tirc thoi cia dong chay va trong noi
bd dong chay cta khu phan ly do mach dong ap
suat tao ra. Khi xac dinh sb khi hoa so sinh
thuong tinh dén tri s6 mach dong ap suét. Van
dé nguoc lai 1a do khi hoa cua dong chay gy ra
tiéng on.

Vién dé khi thuc, xam thuc s& néu & phan d-
uoi day.

3. V& bién phap giam xam thuc

Dong lru téc cao chay qua mit bé tong cua
cac cong trinh théo i c6 cot nudce 16n, s6 khi hoa
nho. Néu hinh déang thiét ké khong t6t hodc cuc
bo khong bang phing din dén xam thyc, bé tdng
bi pha hoai. Do d6 can phai tim bién phap cong
trinh hop 1y dé tranh hodc giam nhe su xam thuc
ciia dong chay c6 luu toc cao, trong do6 tron khi
giam xam thuc 1a mot giai phap hiru hiéu.

Hinh thic chung ctia cong trinh tron khi
giam xam thyc 1a bd tri trén mat thoat nudc
mang tron khi, ngudng tron khi hoic md nhd.
Dong chay qua chd dot bién ndy sé& thoat khoi
thanh bién hinh thanh dong phun, mat dudi cua
ludng nudc tao ra budng trong dua khong khi
vao, khéng khi tir hai vach bén m¢ rong dot
ngot: ranh van hoic dng thong khi chon sin dua
VAo0.

Vién dudi cta ludng phun trong qué trinh d6
s& khuéch tan, tron khi; khi né roi trd lai ban
day lai cudn thém mot phan khong khi khién
cho 16p nudc gan vach ha lwu hinh thanh dong
hdn hop hai pha khi va nudc. Dong chay tron
khi nay di qua mét doan theo doc duong céd thé
duy tri tir ndng do tron khi C (ndng d6 tron khi
C: tong lwong khi trén tong lwong nudc dén
trong mot don vi thé tich nhan véi sé %) khong
nhé hon gia tri ndng do nho nhit chdng xam
thuc c¢6 hi¢u qua, nhu vay trong doan khoang
cach nay, mit nudc tran qua s€ khong bi xam
thuc pha hoai.



a. Nguyén ly tron khi giam xam thuc

Sau khi dong chay tron khi s& khién cho bién
vach noi cuc bd khong bang phang xuat hién ap
suit 4m, nhung vi trong nudc ¢ tron khi nén s&
giam thip ap suit cuc bd dén qua trinh &p suat
nudc bi hod khi. Néu cuc bd ap sudt am du dé
hinh thanh dong chay co6 khi ho4, trong nudc
kep khi s€ c6 lgi cho viéc san sinh khi hoa, vi
thé ap suat trong khi hoa lai nang cao, tir d6
cling ning cao so khi hoa tai chd. Gia thiét khi
ho4 bi tan v& phong thich cac phan tir khong khi
& trong khi hoa s& dan t&i tac dung “x6i cham”.

Khéi nudc tang ngodi khi hoa vi c6 mang
theo khong khi nén c6 tinh nén. P6i voi khi hoa
bi tan v& kich séng lan truyén c6 tac dung suy
giam, do d6 trong dong nudce cé tron khi khi khi
hoé tan v& hinh thanh &p suat tic thoi sé ha thap
mot cach co hiéu qua, tic dung xam thuc dan
duogc giam nhe mot cach twong tng.

Dong chay trén khi va trong dong nudc co
ham khi 1a hai hién tuong khac nhau. Hién tuong

Ngudng, mang két hop Ngudng tron khi
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thir nhat 1a: trong dong nuée, khi vuot qua luong
bdo hoa cta nudc ra thi con c6 thém mot luong
ngoai lugng khi ndo d6 nira, hién twong ndy bing
méat thuong c6 thé quan sat thdy dugc hinh thai
ton tai cac bot khi & trong nudc, dong chay mot
khi dirng lai thi cAc bot khi s& thoat ra khoi nude.

Con hién tuong tht hai 1a chi trong nudc 1-
uong khi nho hon lwong khi bdo hoa, hoa tan
trong nudc, mat thuong khong thé nhin thay d-
ugc b phan khi d6.

b. Hinh thitc b6 tri thiét bi trén khi gidm xdm
thuec

+ Tron khi trén mat thoat nudc

Thuong c6 3 loai (hinh 2)

- Ngudng tron khi: La dang ngudng hoi nho
déc thoai

- Bac thut: ban day phia sau ha thap hinh
thanh bac ngang

- Mang tron khi: Tao thanh duong cung cép
khi & ddy dong chay, c6 nhiéu hinh thic nhu
dang rdnh van, dang tam giac, dang khe hep.

Ngudng, bac két hop
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Ngudng, mang bac két hop

M, ng trén khi
ding r-nh van

M, ng, bEc kit hTp

e}
Y o
Y

Trong thuc té thuong str dung hinh thirc két hop:

- Hinh thirc két hop ngudng va ranh.

- Hinh thirc két hop ngudng va bac.

- Hinh thirc két hop ranh va bac.

- Hinh thire két hop ngudng, ranh va bac.

Déi voi cac cong trinh b tri duong xa 1i bén
b, phia sau dap tran thuong 1a doc nude cd

<

Hinh 2. Hinh thic co ban cda thiét bj
trén khi chéng xam thuc trén ban day

chiéu dai nhat dinh tuy theo dia hinh va dia chat,
khi d6 thuong dung ranh tron khi lién tuc nhiéu
cap (ngudng hay bac).

+ Tron khi mat bén:

Hinh thirc cAp khi mat bén ¢ nhiéu dang, co
thé tong hop thanh hai loai, nim dang (nhu
hinh 3):
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L thang khi

Tir ndm 1937 ngdi ta d& tim hiéu
dong chay tron khi co thé giam nhe
su xam thuc pha hoai bé mit cac
cobng trinh thdo nudc nhung dem y

ng theng khi

&Tro pin
AN

Hinh 3: Hinh thic cdp khi mét bén

* Ong thong khi (1): Trong tudng bén chon
6ng thong khi truc tiép cap khi vao phan day
dong chdy, mdt thoat nudc ¢ tong bén la lién
tuc, ¢6 thé duy tri trang thai chay gan ngudng
hodc ranh tron khi 6n dinh.

* Bon dang cap khi sau (2)-(5) thudc dang ho:

- Rénh khe van hinh chir nhat.

- Thiét bj nan dong chay & tudng bén.

- Tuong b&n mép nhod rong ra, hinh thic nay
¢ luc lién hgp véi clra cung ¢6 cuira 1éch tam.

- Loi dung dudi try pin nho rong ra dé cap khi

Nam dang cap khi mit bén voi 7 hinh thic
cong trinh tron khi cho dong chay giao thoa két
hop hinh thanh nhiéu loai, nhiéu dang thiét bi
tron khi chdng xam thuc.

3. Thiét bi tron khi giam xAm thyc & thue té

~z252.5 | |

Ngudng tron khi A

/225 .2

\/204.55

tudng nay ung dung vao cong trinh
thue té 14 ca mot qua trinh kha dai.

Vao thap nién 1960 Lién X6 da
xay dung dap tran Brak xa 1a, s
dung bién phap tron khi bac nho. Dén
nim 1973 trén mat dap ndy b tri
thém ngudng tron khi c6 két céu
bang thép rong. Két qua nhan thiy
ngudng tron khi dbc thoai hoi nho
khodng sinh tai trong dong qua I6n, do
d6 khong dan t6i rung dong dap chinh.

+ O Trung Qubc: Nam 1975, 1980 trén dap
tran cong trinh thuy dién Phong M&n d4 tién hanh
thi nghiém trén nguyén hinh 2 lan vé ngudng tron
khi, doan tran thi nghiém c6 ctra van rong 11,5m;
bd tri ngudng tron khi & mot nira bé chidu rong
thodt nudc, con mot nira khong ¢ ngudng tron
khi, mat dap phia sau phan bd tri ngudng tam thoi
bd tri thém mé nho thi cong. Sau khi dong chdy
qua phia thuong luu phan khong c6 mb nh6 6 vét
xam thyc 18, con thuong luu phan c6 md nhd thi
hoan toan khong bi ton hai. Nhu vay vé dinh tinh
dd chimg minh hiéu qua giam xam thuc cua
ngudng tron khi. Hinh thirc b tri ngudng tron khi
cua dap Phong Mén nhu hinh 4.

Hinh 4: Nguwéng
tron khi trén mat
dap tran thdy dién
Phong Mén

Chiti0t A
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4. Thiét bi tron khi cong trinh Cira Pat -
Thanh Hoa

a. Nguyén ly chung

B tri lwa chon thiét bi tron khi; phai bao
dam du luong khi dua vao mang tron khi, dong
thoi ciing phai dap g ndng d6 khi c6 hiéu qua
nhat.

Khi dong chay vuot qua ngudng tron khi
thoét ra khoi vach day, bén dudi dong nuédce hinh
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thanh budng trong thong khi, nhung luong
khong khi duoc dua vao bao nhiéu cON Can xem
do roi ban than cia dong chay va ap luc trong
budng tréng. Yéu t6 chu yéu quyét dinh luong
tron khi ciia mang 1a ban than dong chay phia
sau ngudng co nang luc kep khi nhiéu hay it.
Két qua nghién ctru d4 chi ra 1a: Khi s6 Reynol
ctia dong chay du 16n, 4p luc trong budng trong
khéng qua thap vai truong hop binh thuong thi



lwong khi vao trén don vi chiéu rong cia dong
chay qa va toc do dong chay tai d6 V véi chiéu
dai budng trong L thanh ty 1¢ thuan, tirc 1a:

da ~VL . . , 3

Trong d6: L - chiéu dai buong trong do dong
chay va diéu kién bién quyét dinh (m)

Biéu thirc trén co thé viét thanh quan hé ham
s6 khong thi guyen

ETR YA o @)

Trong do: \t{hchleuv/_ mpoc trén nguong (m)

Vé nong do khi: hién nay con chua thé lam
rd dugc mot cach triét dé, thuong van theo van
theo cac két qua d& nghién ciu, dong chay tai
chd @6 co thé co lwong tron khi 1% thi sy xAm
thuc pha hoai giam 1 rang, néu lugng tron khi
dat toi 5,7+9,7% thi mat bé téng cd dong chay
qua c6 thé tranh khoi xam thuc phé hoai.

b. Thiét bi trén khi céng trinh Cita Pat -
Thanh Hoa

Pay 1a cong trinh thuy loi, thuy dién dau tién
& Viét Nam nghién ciru thiét ké b tri thiét bi
tron khi gidm xam thuec.

Bang 1. Kich thuéc co ban thiét bi trén khi

Thiét bi tron khi |Goc hit a | Khoang cach (m)
1 7° L, =375
2 5 L, = 60
3 3’ L;=75

TAI LIEU THAM KHAO

L=\

Hinh 5. So hoa b6 tri TBTK tran Cira Dat

Qua thi nghiém, Vién Khoa hoc Thuy loi dé
nghi: Trén doc nudc tran xa i hd chira nudc
Cira Dat bd tri 3 thiét bj tron khi thi ¢d hiéu qua
hon so véi bd tri 2 thiét bi tron khi. Kich thudc
co ban néu ¢ bang 1.

IV. KET LUAN:

Cac cong trinh thao li co van tdc dong chay
tr 18m/s tro 18n thuong xuat hién khi thuc dan
dén hién tuong xam thuc. D han ché xam thuc
c6 thé dung thiét bi tron khi hay dung vat liéu
dic biét bao vé bé mit cong trinh. Trén thé gidi
d4 ap dung nhiéu dang thiét bi tron khi, & Viét
Nam chua c6 cong trinh nao ung dung thiét bi
tron khi. Chiing t6i xin gidi thidéu mot sb nghién
clru vé van dé trén dé ban doc tham khao. Mot
s6 ndi dung chi tiét vé khi thuc chang toi s& néu
vao dip khac.
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Summary
HIGH VELOCITY FLOW ASSOCIATED WITH FLOOD DISCHARGE SPILLWAY

In calculation for determination of spillway profile, the interesting subject for designer being
considered is velocity flow in surface of spillway. In case of velocity are over 18m/s then aeration and
cavitation phenomena may occur. The high velocity flow is not only causing cavitation but also making
fluctuation of velocity field. The large fluctuation of velocity will make vibration in the structure of
spillway. This article is to introduce some interested subject of high velocity flow associated with flood

discharge spillway.

Ngueoi phan bién: GS. Vii Trong Hong
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