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BAN TOM TAT

Dap tran phim piano c6 kha ning thao gip 4~5 lan kha ning thio dap tran chinh dién. No
thuong duoc ding dé nang cao do tin cdy cac dap ty tran, giam cao trinh mirc nudc lii thuong luu
trong qué trinh diéu tiét 1ii. Kha ning thao ctia dap tran phim piano 1a ham s nhiéu bién s6 ( cot nude,
chidu dai tran hiéu qua, hinh dang ngudng tran. . .) va dugc nghién ctru trén md hinh thiy luc. Bai bao
trinh bay cac két qua thi nghiém vé luu lugng thao, cong thirc thuc nghiém cia hé sé luu luong MoP.
Céc két qua nay co thé st dung dugc trong cong tac thiét ké cac cong trinh tran dang phim piano
tuong tu.

ABSTRACT

The piano key weirs have a larger discharge capacity ( 4~5 times) compared to the straight
overflow weir. They are used to improve the reliability of the dams and reduce upstream flooding
during moderate flood events. Its capacity varies with multivariables (head, effective crest length,
crest sharp. . .) and are studied on hydraulic models. This paper presents the experimental results of
discharge capacities, empirical discharge coefficients M,p, could be used to design of similar structures
of PK weir.

I. Tong quan (thuong gdp 4 1an). Kiéu thiét ké nay thuong

Hau hét nhitng dap tu tran long song hién tang gap doi luu luong so véi kiéu dap tran
hiru, thugc hé thong cong trinh dau mdi thiy thuc dung Creager. Tuy nhién, cac loai dap
lgi, thuy dién, thuong c6 dang dap tran thuc tran mo vit, do dic diém vé hinh dang tudng
dung Creager hoac dang Creager-Ophixorov. tran dit trén bé moéng phiang, khong thé ap
Luu lwong don vi cta cac loai dp tran nay xap dung trén dinh cua mit cit dap bé tong trong
xi q=2,2H/ hodeq ~ 2,2H , néu cot nude lyc thong thuong. Vi thé kicu thiét ké nay chi

4p dung dé nang cao kha ning thao 1ii cho mot
sO it dap tran c6 nhimng diéu kién thich hop
nhit dinh va thuc té chi chiém mot phan ngan
Vi vy dé ting kha ning thao nudc 1i qua cta nhimg dap 16n.

dap tran nguoi ta ding dap tran c6 cira van dé
ha thap cao trinh ngudng tran xubng (hay ting
chiéu cao 16p nudc tran) dé chu dong diéu tiét
luong nudce xa. Tuy dap tran co6 ctra van c6 kha
nang thao 16n hon nhung né ciing lam cho ton
that lugng nudc hd nhiéu hon, van hanh phurc
tap va it an toan hon ( ket ctra van) so voi dap
tu tran .

luu téc tién gan nho. (H, - cot nude toan phn,
H - ¢4t nudce hinh hoc).

Chinh vi nhitng han ché cua cac dap tran
truyén thong, dap tran co cira van ciing nhu
dap tran mo vit dat ra vin dé cho nhom cua
ong F. Lempériecre ( Hydrocoop-France)
nghién ctru tim ra kiéu dap tran méi c6 luu
lugng tran 16n, dé xdy dung c6 hinh dang
gidng nhu ban phim dan Piano [1] goi la dap
tran phim Piano véi cac dic diém sau:

Dé cai thién kha nang thao lii cua dap tu
tran, c6 hang chuc dap tran hién hitu da dugc
thiét ké theo kiéu tuong dung trén mot day
phing véi so dd rang cua (mo vit) co chidu dai
dudng tran dai hon nhiéu bé rong cia dap tran

— €6 thé xay dung trén cac doan dap
mai hodc hién hiru.

— Luu lugng don vi q ¢o thé thao 1i dat
tir 5 dén 100 m*/s-m.

444



—  Trong cung chiéu rong kénh théo li B,
luu lwong théo i ting it nhit 14 4 1an so véi
kiéu dap tran thyc dung Creager.

—  Céu trac don gian va d& xay dung véi
nguén vat liéu c6 san tai chd.

Pap tran nay vé thuc chit s& giam chi phi
ctia hau hét cac dap ngin nuéc méi va ting do
an toan, kha nang trir nuéc, kha ning kiém soat
1l cua cac dap ngan nude hién hitu. Kiéu thiét
ké dau tién da duoc thir nghiém vao nim 1999
0 phong thi nghi€ém L.N.H ctua Dién Iyc Phap
(Electricit¢ de France) va vao nam 2002 ¢
truong dai hoc Roorke ctia An Do cing véi
truong dai hoc Biskra cua Algeria. Cac cudc
thir nghiém nay da cho thidy mot mirc do lac
quan vé kha nang tang luu lugng tuy theo cac
ty sO gitra chidu dai, d sau, chiéu rong va hinh
dang cua cac phim va dac biét 1a sy phy thude
vao ty s6 N bang tong chiéu dai twong tran
chia chiéu rong tran chinh dién. Vén dé nghién
ctru tac dong cua va dép cing da duoc dit ra.
Nhimg giai phap kha thi nhét da dugc lya chon
vé két ciu va bién phap xay dung nhim bao
dam an toan cao. Cac mat cit doc don gian
hién ciing dwoc dua ra nham cai tién hinh dang
dé tang cudng hidu qua chi phi.

Trong pham vi bai bio nay s& dé cap dén
két qua nghién ciru kha ning thao cia 3 dang
dép tran phim piano trén mé hinh vat 1y nham
tiép tuc bd sung cho cac két qua da nghién ctru
theo kiéu I va II cia F. Lempériere &
A.Oumane. Dua trén cac két qua thuc nghiém
s& tién hanh so sanh kha ning thdo cua dap
tran phim Piano véi dap tran mé vit, cong trinh
duogc tién hanh thi nghiém vao thang 2/ 2003
[3].

I1. Pap tran phim piano:

II.1. Pap tran phim piano - phuong an
A (sau day goi tit 1a dap tran PK-
A): ¢6 5 phim tran (hinh 3), B =
15m, L= 75m, ty s N=5, chiéu
cao dép tran P, = 5,5m, chiéu dai
tuong tran bén 1=15m, dang mat
cit ngang nhu hinh 4.

I1.2. Dap tran phim piano - phuong an
B(sau day goi tat 1a dap tran PK-
B) : ¢6 7 phim tran (hinh 5), B =
15m, L= 105m, ty s6 N=7, P, =
5,5m, chiéu dai tudng tran bén
1=15m, dang mit cit ngang twong
tu nhu dap tran PK-A (hinh 3).

I1.3. Dap tran phim piano - phuong an
C (sau day goi tit la dap tran PK-
C) : . c6 5 phim tran (hinh 6), B =
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15m, L= 60m, ty s6 N=4, P, =
5,5m, chiéu dai tudng tran bén
1=11,25m, dang mat cit ngang nhu
hinh 7.

I1.4. Kha ning thdo cia dip tran
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ngudng phim tran, c6 thé dwoc 1iy nhu
sau:

Q==3m,Li,2g H”

trong do:

m,; la hé s6 luu luong ( c6 ké dén cot nude luu
toc tién gan)

L; chidu dai tran twong tmg ciia dau, cudi va
thanh bén cua phim.

Trong dap tran phim Piano cé 3 loai nguong
tran: dau phim 1a dap tran da giac ( tam giac
vudng, mai dap ha luu nghiéng, hinh 8.a);
thanh bén phim la dép tran bén dang thanh
moéng; cudi phim 1a dap tran da gidc (tam giac
vudng, mai dép thugng luu nghiéng, hinh 8.b) .

Dbi v6i loai dap tran da gidc ( dau va cudi
phim), cling nhu dép thanh mong tran bén cd
chidu cao dap thay d01 dan nay thi chua c6 cac
nghién ctru vé hé sé luu lugng. Theo cac
nghién ctru hién c6 cho dép tran tam giac [4],

Hinh 9
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[5] thi khi P;/H = 1~ 5, hé s6 mai dc thugng
va ha luu dap tr 1,5 dén 2,0, thi hé s6 luu
luong m thay déi tir 0,40 ~ 0,45 diéu kién. Ddi
v6i dap tran thanh mong, ¢6 P, khong thay ddi,
v6i Py/H > 2, theo [4] thi h¢ s6 luu luong m =
0,40 ~ 0,41

Do thi nghi€ém md hinh thuy lyc chi do dac
cac thong s6 Q, H cua dap tran phim piano, 1a
tong hop cia 3 loai ngudng tran trén, nén
khong thé xac dinh dugc hé sé luu lugng tran
cua tung loai ngudng. Tuy nhién, néu tlep can
Van dé theo quan diém gan ding cho rang hé
s6 luu luong 13 nhu nhau trén sudt chiéu dai
tran hiéu qua va ky hiéu la My, thi ta co thé
viét :

MOP.ZL = ZmoiLi

Luong thdo qua dap tran phim piano &
trang thai chay tu do c6 thé viét nhu sau:

Q =Myp.ZL. 4209 .H*?

Khi muc nudc ha luu cao hon cao trinh
ngudng phim tran thi dap tran ¢ trang thai chay
ngap ( hinh 9). SA VG trang thai chay tu do,
kha nang thao cia dép s€ giam di, cong thirc
tinh Ivu lugng thao 1a cong thirc c6 dang tuong
tu (3) c6 b sung hé s6 hiéu chinh o, goi 1a hé
sO ngap:

Q =6..Myp.ZL. 4/2g H>?

II1. Thiét bi thi nghiém

Thiét bi thi nghiém chinh gém: may bom
nuéc, md hinh dap tran phim Piano va dbc
nude bang kinh hitu co dit trong méang kinh thi
nghiém dai 34m va rong 0.6m. Nudc duoc cép
boi may bom, qua ludi giam song dit & dau
mang s€ dugc thao qua mé hinh dap tran. Tai
cubi mang thi nghiém nudc s& duoc chuyén
xuéng mét kénh thao ha luu dai 16m rong
0.75m. O cubi kénh thao ha luu co lap dat dap
tran thanh mdng do luu lugng.Hinh v& mé hinh
thi nghiém va nguyén hinh cua dap tran PK,
dbc nude va miii phun duge trinh bay trong
hinh 10.
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Do trong lyc giit vai trd chii yéu trong
chuyén dong cua chit long qua dap tran nén
trong thi nghiém mo hinh thuy lyc ap dung ti€u
chuén cua su tuong tu trong luc, con goi 1a tiéu
chuan Froude. Can ctr vao kich thudc ciia cong
trinh, yéu clu cua thi nghiém, cac diéu kién
hién c6 cua mang thi nghiém, kénh thao va kha
ning cung cp luu lugng cia may bom, ching
t6i chon mé hinh thi nghiém khong bién dang
co ty 1¢ hinh hoc Ap = 25. Véi ty I¢ nay dong
chay qua tran va dbc nudc 1a dong ri va chay
xiét phai thoa diéu kién Fr,, > 1 va Re,, > Re,,
=10%  [6]. Tai dau ddc nudc, img véi luu
luong nho nhat Q, = 16,28 I/s, h=3 cm,V,, =
1,77 m/s, ban kinh thay luc R,, = 0,0257, ta
C('):Frm=1,772/(9,81x0,03) =10,6 > 1 va Re, =
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(1,77x0,03)/1,01X10° = 44963 .Vay dong
chay trong mé hinh la dong chay xiét va chay
roi, twong ty nhu nguyén hinh.

IV. Két qua thi nghiém
IV.1. O trang thai chay tu do (cao trinh
muc nudc ha luu thép hon cao trinh
ngudng phim tran ( 75.8 m)):

Tai mdi cip luu lugng tran tién hanh
do, ghi s6 liéu 5 lan . Két qua xur 1y s6 liéu do
v6i mic tin cdy 95% theo théng ké va nhan
duge dd thi Q = f(H) cho ting loai dap tran
nhu hinh 11. Gi tri luu lwong don vi q (m’/s-
m) trén téng chiu dai tran hiru hiéu cia cac
loai dap tran PK-A, PK-B, PK-C, md vit,
Creager biéu dién theo do thi hinh 12 .
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—1,02E
Mg o =0357e 1 (5)
—1,96£
M pc g =0420 "1 (6)
71,175
Mg c =0,402e "1 (7)

o im’*s-m)
4

Khi muc nude ha luu bfmg hoac thép
hon cao trinh ngudng phim tran thi myc nudc
thuong luu khong thay déi. Khi muc nuée ha
luu dang cao hon ngudng phim tran thi muc
nudc thuong luu cling nang cao hon.

Néu goi luu lugng thdo qua dap tran
PK-A 13 Q g - tinh theo (8) va Q ,gp- tinh
theo (9) thi hé sb ngdp o, duoc tinh nhu sau:
Sn = Q ngap / Q tw do- Céc thi nghiém cho timg t6
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Sau dap tran PK-A, bd tri doan thu hep va
nbi tiép 1a déc nude co chiéu rong, khong doi,
& nguyén hinh 1a 9m. Trén dbc nudc tai cac
mat cit IX ( dau doc), X ( giita dbc), XI (cudi
déc)(hinh 10) tién hanh do vén tdc trung binh
ctia dong chay bang ng Pitot.

Két qua do dugc so sanh voi két qua thi
nghi€m trén mo hinh tran mo vit ( bang 4) cho
thdy: van téc dong chay trong ddc nudc cua
tran PK-A (Vpg.a ) 16n hon vén toc dong chay
trong dbc nudce cua tran mo vit (V) (tai mat
cat IX, thi nghiém 4, chénh léch nay dat tri s6
16n nhit 1a Vpga= 1,36 Vp,). Do d6 khi tinh
téan tiéu niang cudi déc nudc cua tran PK-A
can luu ¥ d&én sy gia ting cia véan tdc dong
chay.

IV.2. Trang thai chay ngdp, cao trinh
muyc nudc ha luu bang hoac hon
cao trinh ngudng phim tran ( 75.8

m)

Céc thi nghiém duogc tién hanh theo
phuong thirc khong thay d6i luu lwong tran,
thay d6i mirc nude ha luwu tir vi tri thap hon dan
vi tri cao hon cao trinh ngudng tran. Cac két
qué thi nghiém cho thay:
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hop muc nuéc thugng, ha luu trong trudong
hop chay ngép ciing duoc do 5 1an va két qua
dugc tong hop trong hinh 13 (PK-A), hinh
14(PK-B), hinh 15(PK-C).

So sanh kha nang thao cua dap tran PK voi
dép tran mo vit ( song Mong) va dap tran
Creager cho thay:

=  Cung mot chiéu rong tran chinh dién
B = 15m, vé&i cung gia tri cot nudc
tran H/P; thi Qpks > Qpk.a > Qpxc >
QMV > QCreager
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= Luu lugng don vi cua cac dang déap
tran PK dang A, B, C, dap tran mo vit
gin nhu bang nhau khi H/P,< 0,15.
Ngoai gioi han nay luu lugng don vi
cua cac dap tran PK dang A ( N=5),
dang C (N=4) va ddp tran mo vit
(N=3,6) 16n hon dap tran PK dang B
(N=7) (hinh 12). Piéu nay c6 thé giai
thich do chiéu réng phim cta dép tran
PK-B nhé (chiéu rong tir:1,50 - 2,00 —
3,00m), nén khi ¢4t nude tran dat dén
chidu cao nhit dinh H s& anh hudng
dén kha ning thdo cia ngudng tran
phim d4u va ngudng tran bén. Do do6
can xem xét thém anh hudng cua
chidu rong phim déi véi kha ning
thao cua loai dap tran PK nay. Ngoai
ra, khi H/P;> 0,30 thi luu lugng don
vi cta cac dang dap tran PK dang A,
C 16n hon dép tran mo vit .

V. Két luin

Céc két qua dat dugc tir qua trinh nghién

clru clia d€ tai la:

1. Trén cung chiéu rong tran chinh dién
dap tran PK cho kha nang thao 16n hon
dap tran mo vit, dap tran Creager. Khi
thiét ké méi ciing nhu cai tao cac dap
tran hién hitu, viéc ap dung dép tran
phim piano nay s€ giup nang cao kha
ning thao nudc trong diéu kién dién
bién bét lgi vé luu lugng lii ngay cang
tang do moi trudng bi ton hai nhu hién
nay.
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2. Ngoai cac thong sb nhu ti s6 N, chiéu
cao dap tran Py, cOt nudc tran H, thi
chiéu rong phim ciing ¢6 anh hudng
trén kha nang thdo cta dép tran
PK.Truong hop muc nuée ha luu thip
hon ngudng tran, voi mot gia tri H/P,
nhét dinh, c6 thé ap dung biéu do hinh
11 va hinh 12 dé xac dinh kha ning
thao nudc ctua dép tran PK (Q-tinh trén
chiéu rong tran chinh dién B, g-tinh
trén don vi chiéu dai ngudng tran hiéu
qua XL).

3. Khi myc nudc ha luu cao hon ngudng
tran thi cac dap tran PK dang A, B, C
& trang thai chay ngap. Hé s ngp on
cua cac loai dap tran PK, Gng véi cac
tri s6 hn/H, c6 thé tra biéu do trén cac
hinh 13, 14 va 15 tuong Ung.

4. Chc gia tri hé s6 luu lugng quy ddi
M,, cho ting loai ddp tran PK-A, PK-
B, PK-C, thong qua xir 1y twong quan
hdi quy cac két qua thuc nghiém, duoc
xac dinh theo cac cong thuc (5), (6),
(7).
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