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NGHIEN CUU XAC PINH RANH GIOI CHAY
VA HE SO NGAP CUA TRAN PIANO

Doan Thi Minh Yén, Lé Van Nghi
Phong Thi nghiém trong diém Quoc gia vé dong luc hoc song bién

Tém tat: Tran piano (PKW) la kiéu céng trinh thdo c6 dwong tran bé tri hinh zic zdc nham tiang
chiéu dai thodt nwée,ting khd nang thdo so véi tran truyén thong. Kha nang thdo qua PKW sé
gidam khi tran chdy ngdp, biéu thi boi hé sé6 ngdp oy Bai bdo trinh bay két qua nghién citu thuc
nghiém trén mé hinh mdt cdt, xdc dinh ranh giéi qud d tir chay tw do hodn toan sang chdy ngdp
hoan toan; thiét Idp cong thire xdc dinh hé sé ngdp qua tran piano. Két qua tinh todn theo céng
thite thiét Idp so sanh véi két qud thue nghiém cho sai sé nhd, dp dung cho ddi cot nwée réng, xu
hwéng phan bé phit hop véi quy ludt ddc trung thiy lyc.

Twr khéa: Dong chay ngap; Mo hinh thi nghiém; Tran piano.

Summary: The piano key weir (PKW) is a type of the discharge structures with a zigzag line to
increase the discharge length, increase the discharge ability to unload against a traditional
spillway. The discharge ability of PKW will decrease when PKW is in submerged flow, indicated
by submerged coefficient o,. This article presents the results of experience studies on the section
model and establishes the formula for determining boundary of the submerged flow and the
formula calculate of submerged flow coefficient. Calculated results according to the establish
formula against the experimental results for small error, applies to range of large water head,
distribution trend in accordance with hydraulic characteristic rule.

Keywords: Submerged flow; Physical experimental model; Piano key weir.

1. PAT VAN PE chay ngap véi cot nude ha luu tran ludn cao hon
dinh nguong (h,>0); Cac nghién ctu nudc
ngoai tap trung trong pham vi tran lam viéc co
do ngap 16n 0,65<h,/H,<0,99; Cac nghién ciru
trong nudc phan 16n véi nhitng cong trinh cu
thé nhu tran Rach P4 Hang — huyén Go Dau,
tinh Tay Ninh [3]; dap dang Van Phong, tinh
Binh Pinh [7], .. hodc ¢6 nghién clru tong quat
trong dé tai cap BO (nam 2015) [2] cho tran ¢
d6 ngap hy/H;>0,12+0,33 nhung déu vdi tran
piano ¢6 hinh dang mat cit cu thé, kich thude
va cac thong sb cong trinh 13 nhitng dai luong

Tran piano 13 tran kiéu méi dugc nghién ctru
phat trién manh mé trong 20 nim gan day. Tran
¢6 tuyén hinh zic zic tao nén cac 6 d6n nudc va
0 thoat nudc tya nhu cdc phim dan (Hinh 1).
Xuét phat tir nhu cAu stra chita, ndng cip tran xa
lii hién hanh nén phan 16n cac nghién ciru, Gng
dung cho tran piano chay tu do. Ttr nam 2004,
mot s6 nghién ctru budc dau vé tran piano chay
ngdp nhu cua cac tic gia F.Belaabed &
A.Ouamane (2010, 2013), M. H6 T4 Khanh
(2012, 2014), Truong Chi Hién, Tran Hiéu

Thuan va cac cong sy (2004, 2009), Nguyén
Thanh Hai va cac cong su (2010, 2015),...Tuy
nhién hau hét cic nghién ctru cho tran piano
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va cac cong su cho thiy xuit hién truong hop
kha niing thdo cua tran piano van giam khi muc
nude ha luu thap hon ngudng tran, hé s6 ngap
cua tran dat 6,=0,998 v6i hy/H=-0.17 [4]. Nhu
vay, phai chang khi myuc nudc sau dap tran
piano thap hon dinh ngudng, tran piano di lam
viée trong diéu kién ngp, twong ddng voi cong
bd cua Rozanop cho tran thuc dung loai c6 chan
khong (loai I- tran chay ngap khi hy/H>-0,15)
[1].

Vé cong thirc xac dinh hé ) ngap, F.Belaabed
& A.Ouamane (2013) thiét 1ap cong thic cho
PKW loai A, di xac dinh hé sd ngap,
6:=Qn/Q1p, 12 ham quan hé theo hy/Hyo, v&i
hy/Hno>0,68 [8]. O trong nudce, két qua cong bd
gin ddy cua Dé tai nghién ctiru khoa hoc cip Bo
(2015) “Nghién ctu rng dung tran c6 ngudng
kiéu phim piano vao xay dung cong trinh thuy
lgi & Viét Nam”, da xay dung cong thirc thuc
nghiém xac dinh hé s6 ngap cho tran piano cong
x6n 1 dau va 2 dau [2]. Pay la dang cong thirc

Budng tran
zic zéc, L

Phim nudc ra Phim nudc vao

téng quat, biéu thi cac dai luong nham xac dinh
hé s ngap clia tran piano v&i pham vi d6 ngap
rong hon cidc nghién cou da co,
0,12+0,33<h,/H:<0,99. Du vay, cac cong thirc
nay duoc thiét 1ap c6 pham vi ap dung hep, chi
cho tran c6 hinh dang mat cat va trong diéu kién
cu thé, chiéu cao héc phim vao Pi=6.0m, chiéu
dai phim B = 12m, 18m, c{t nudc thugng luu
tran 1,8m<Hp0<6,5m, ... Trong khi thuc té ngay
cang nhiéu cac cong trinh dang dap dang trén
song c¢6 kha nang thiét ké 4p dung kiéu phim
piano nhu Pap dang ha Iuu song Tra Khuc, tinh
Quang Ngai; Pap dang Lai Giang, tinh Binh
DPinh. Do d6, viéc xac dinh ving lam viéc chay
ngip ciing nhu hé sd ngap tong quat, chinh xac
hon cho tran piano 1a can thiét.

Bai bao nay trinh bay két qua nghién ctru thuc
nghiém trén mo hinh mat ct, xac dinh trang thai
ranh gi6i chay ngap qua tran piano va thiét 1ap
cong thirc x4c dinh hé s6 ngap qua tran.
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b) Cit ngang phim nudc ra (B-B), tran chay ngép.

Hinh 1. Chi tiét cdu tao tran

Trong do6:

- Zt1 (m): Cao trinh muc nudc thugng luu; Zur
(m): Cao trinh myc nudc ha luu;

- Zng (m): Cao trinh dinh ngudng tran;

- Hpo (m): CoOt nude thuong luu tran chay ngap
c6 ké toi luu toc t6i gan; Hi=Z11-Zne

- hn (m): ¢Ot nudce ha luu tran, hy=Zn1-Zng

- Q (m¥/s): Luu luong thdo qua tran; q (m?/s.m):
Luu lugng don vi;

- P (m): Chiéu cao tran; Py (m): Chiéu cao tran
tinh dén day kénh ha luu;

- Wy (m): Chiéu rong 1 don vi tran (don phim),
- Wi (m): Chiéu rong phim nudc vao; W, (m):
Chiéu rong phim nuéc ra;

- B (m): Chiéu dai phim; L, (m): Chiéu dai
duong tran zic zic, L=W+n.2B (m);

2. POI TUONG, PHAM VI, PHUONG
PHAP NGHIEN CUU
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2.1. Pé6i twong, pham vi nghién ctru

Nghién ctu 1at cat dong chay qua tran piano loai
A gdm 2 don phim, 2 phim nuéc vao va 2 phim
nudc ra. Kénh thugong luu, ha luu dam bao chiéu
dai 16n hon 30 lan H dé dong chay qua khu vuc
cong trinh khong bi anh hudng bdi bién ctra vao
va ctra ra khi mo6 phong trén mo hinh.

Nghién clru véi tran piano c6 mat cit tiéu
chuan, cho téi wu vé kha ning théo va kinh té,
dinh ngudng luon tron [6]. Cac ty 1€ kich thudc
hinh hoc cu thé cia mé hinh nghién ctu 1a: ty
18 chiéu cao tran va chiéu rong don phim P/W,
=0,5 + 1,1; ty 1¢ gilra chiéu rong phim nudc
vao va phim nudc ra Wi/W, = 1,3; ty I¢ gilta
chiéu dai zic zic va chiéu rong tran N = L/W
= 5; chiéu cao phim nuéc vao va phim nuée ra
bang nhau Po/P;= 1,0; ddy phim dbc i=0,6; ty
18 cot nude tran va chiéu cao tran 1a H/P = 0,2
+2,1.

Tran piano 1a chay ngap khi thoa min dong thoi
2 diéu kién, twong tu nhu tran truyén théng: (1).
Muyc nuéce ha luvu anh huong dén kha nang thao,
lam tdng myuc nudce thuong luu, gidm luu luong
qua tran. (2). Dong chay qua tran ndi tiép ha luu

Kim ¢b dinh do MN

Thuong luu

CONG NGHE

la nudc nhay ngap hoac khong qua nudc nhay,
dong chay & ngay ha luu tran 1a chay ém.

|  KHOAHOC

Tuy theo vi tri xac dinh myc nude ha luu, khai
niém vé chay ngip qua piano s& khac nhau gdm:
chay ngédp qua ngudng va chay ngap qua tran.
Chay ngip qua ngudng la ché d6 chay ngap khi
kha nang thdo qua tran bi anh hudng bdi muc
nude ha luu sau ngudng hay trong long phim
nude ra. Chay ngap qua tran la kha nang thao
qua tran bi anh hudng khi xét muc nudc ha luu
trong long dan ha luu sau tran.

Trong bai bao nay, nghién ctu chay ngap qua
PKW la ché d chay ngdp qua tran tac dong boi
muyc nudc ¢ long dan ha luu, sau dap tran piano

Hinh 3. M6 hinh thi nghiém trong mang kinh

2.2. Phuwong phap nghién ciru

Str dung phuong phép thuc nghiém trén mo hinh
vat Iy. Dong chay qua tran chiu tic dung cha yéu
cua trong lyc, tuong tu theo ti€u chuén trong luc

(Froude = idem). S6 Reynolds (Re) dat Rem =

34500>Rer=5000 thoa min diéu kién dong chay
lam viéc trong khu ty dong mo hinh.

Ngoai ra dé dam bao dong chay trén mo hinh

khong bi anh huong bdi stirc cang mat ngoai, gia
tr1 cot nude thuong luu nho nhat thi nghiém la
Huin= 0,03m; X4ac dinh thong s6 muc nudc béng
kim do muc nudc cd dinh doc chinh xac téi
0,1mm va may thuy binh Ni04 sai s6 khong vuot
qua 0,5mm. Xac dinh luu luwong thao vao mo
hinh bang méang ludng hinh chit nhat c6 lip dap
tran thanh mong va tinh toan bang cong thic
Rebock, sai s6 nhé hon 1%.
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* Phuong phép thyc nghiém xac dinh hé sb
ngip cia tran 1a khéng ché myc nudc thuong
luu, tng véi méi muce nude ha luu sé xac dinh
dugc ting do ngap h, va luu lugng ngap Qn theo
cac budc:

- Cho luu lugng Q1 (Qrp) vao md hinh, md hét
ctra cudi cho dong chay qua tran 1a tw do;

- Khi dong chay qua cong trinh 6n dinh, xac dinh
duoc chidu sau cdt nudce thuong luu Hoi;

- Nang dan cira cudi cho dén khi muc nudc
thuong luu thay doi, do duoc Hoa, Hox>Hor;

- Khi dong chay qua cong trinh 6n dinh, thao bét
Iuu Iwong ra khoi mo hinh cho dén khi Ho,= Ho;
- Khi dong 6n dinh, thong qua thiét bi do, x4c
dinh dugc luu luong Q2 (Qn) tmg v6i Ho2 = Hox,
xac dinh dugc cdt nudc thuong, ha luu tuong
ung Huo, hy;

- Ttr d6 xac dinh duoc on = Q2/Q1 = Q/Qrp
tuong ung véi do ngap hn/Ho.

3. XAC PINH RANH GIOI CHAY NGAP
VA HE SO NGAP QUA TRAN PIANO

3.1. Xac dinh ranh gidéi chay ngap

Ranh giéi chay ngap 1a ranh gi6i khi thay d6i muc
nudce ha luu 16n hon gia tri nay thi c6 sy gidm kha

nang thdo qua cong trinh hodc lam tang c)t nudce
thuong luu.

bé xac dinh ranh gidinay, tién hanh thuc nghiém
chi tiét theo trinh ty: Giit nguyén cao trinh muc
nuée thugng luu, nang din muc nude ha luu
(MNHL) trong pham vi rat nhé, ty 1& do sau ngap
dat tir -0,5 dén 0 (hy/H,= -0,5 + 0), két qua biéu
thi trén hinh 4 cho théy:

- Khi hy/H:<-0,2, myc nuéc ha luu thay doi
khong lam ting muc nudc thuong luu, luu
lugng qua PKW khong bi anh huong.

- Khi myc nuée ha luu gan xap xi ngudng tran
sao cho cOt nuée tran rat nho (ho/Hn = -0,2 + 0),
dong chay trén phim nudc vao bi anh hudng,
hinh dang 1an nudc d6 xudng ha luu vong 1én,
lam anh hudéng dang myc nudc thugng luu, luu
lugng thdo qua PKW giam. Muc d6 anh huong
giam kha nang thdo rd rét hon véi nhitng truong
hop x4 luu lugng 16n hoac ty 1€ cot nudec H/P
16n. Trong pham vi nghién ctu, mirc d¢ giam
kha ning thao 16n nhét dat 4% khi hy/H, ting tir
-0,2 ¢én 0. Hé s6 Cq 1a hé s thao tong hop qua
tran piano.

0.8 Cd H./P=1,0; P/W,=0.44
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Hinh 4. Quan hé Cqy~h,/H, vng voi cac truong hop thi nghiém
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Nhu vay chuyén tiép trang thai chay qua tran
piano tr chdy tu do hoan toan sang chdy ngap
hoan toan 1a ving qua d¢ véi ranh gi61 xac dinh
duoc hy/Hi=-0,2+0.

Mot cach khac, dé c6 chay ngap sau tran piano,
chénh 1éch myc nudc thugong, ha luu dam bao nho
hon mdt gia tri phan gidi, (z/Pu)<(z/Ph)pe;

Ttr s6 liéu thyc nghiém, sir dung ham hdi quy
tuyén tinh, xadc dinh dugc cong thirc xac dinh
gid tri cot nuwde phan gidi theo cong thic (1). O
day voi 6 s6 lidu thuc nghiém, xay dung ham
thuc nghiém véi 02 bién doc 1ap 1a dam bao yéu
cau vé sb thi nghiém t4i thiéu theo qui hoach
thuc nghiém.

|  KHOAHOC CONG NGHE
(7)
Py
rg H 0,977 H —0,055 (1)
= 0,974. (—”) (—")
P w,

Trong (1), hé s mil cia H/W, rit nho so véi
H/P, dé thuan loi cho tinh toan, c6 thé bo qua
dai lugng H/Wy, (1) tré thanh:

Hn)o,977

Zpg = 0,974. (2

Py (2)

S liéu thi nghiém va két qua tinh toan ct nudc
phan gidi theo cac cong thirc (1), (2) chi tiét nhu
trong bang 1.

Bang 1 Két qua thi nghiém va tinh toan cdt nwée phan giéi

r 9 | M| Heo | Fno <@> o (%) . t?laelos((:)o(r(l)z)ttlllrllrl(lz
(m?/s) | Hpo P Wa Py /

O O

1 0,270 | -0,157 | 1,015 | 0,893 1,050 | 0,998 | 0,995 | 0,989 -5,2 -5,8
2 | 0,199 | -0,119 | 1,518 | 0,671 1,520 | 0,993 | 1,498 | 1,465 -1,5 -3,7
3 0,210 | -0,066 | 0,522 | 0,559 | 0,501 | 0,965 | 0,533 | 0,516 6,3 3,0

4 | 0,064 | -0,199 | 0,169 | 0,181 | 0,194 | 0,979 | 0,188 | 0,171 -3,0 -11,7
5 | 0,141 | -0,151 | 1,125 | 0,497 | 1,181 | 0,960 | 1,136 | 1,093 -3.,8 -7,5
6 | 0,044 | -0,139 | 0,209 | 0,144 | 0,231 | 0,978 | 0,235 | 0,211 1,4 -8,9

* Sai sb dwoc xac dinh 1a sai sé gitra két qua
tinh toan va sd liéu thi nghiém; sai sd
~((2pe/Pi) Zpe/ Pr)n)/ (Zpg/P)in

3.2. Xéc dinh hé s6 ngap

Hé sb ngap o, dugc xac dinh bé“mg thuc nghiém
voi dong chay qua tran la chay ngap, theo
phuong phap trinh bay trong muc 2.2.

Xay dung cong thirc x4c dinh o, tir s lidu thuc
nghiém cua tac gia. Tir két qua thi nghiém biéu
thi trong 0, tong hop s liéu, phan tich, lap quan
h¢ gitra cac dai lugng hé $6 ngap o, va ty I¢ cot
nu6e ngap hy/H,. Sir dung cong cu phén tich hoi

quy, cuc tiéu binh phuong sai sd, khao sat va thir
nghiém cho thdy dang ham mil cho két qua phu
hop nhét. Thiét lap dugc cong thuc xac dinh hé
s6 ngap dang ham mil:

0,052
6.,=0,974 (%) (1-
h, >0,045 <Hn0>
Hyo Wy
Cong thirc thyc nghiém (3) ¢6 két qua tuong
quan gitra cac dai lugng la rat tot, dat R = 0,883;

3
)

0,043

S = 0,034. Pham vi phu hgp ctua cong thic -
0,2<hy/Hn0<0,9; 0,3<P/Pyx<1,0.

3.3. Panh gia sy phu hop ctia cong thirc thue
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nghiém

So sanh két qua tinh theo cong thuc (3) va két
qué thi nghiém biéu thi trong 0.

Két qua tinh toan theo cong thirc thie nghiém
duoc 1ap cho sai s6 nhé. Sai sb trung binh 16n
nhat mic phai 1 3% va sai s6 tuyét d6i 1on nhat
méc phai 1a 7%.

Xu huéng phin bd ctia 6, trong quan hé 6, ~
hy/Hy 12 phu hop véi quy ludt dong chay ngap.
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TAI LIEU THAM KHAO

Hinh 6. So sanh két qua tinh hé s6 ngdp o
theo cong thirc (3) va két qua thuc nghiém
Khi do ngap nho, h¢ ) ngap co gia tri 16n, voi
hy/Hn gan vé 0, o, dat dan téi gia tri 1,0 va
nguoc lai. Khi do ngap 16n, o, cé gia tri nho, o,

~ 0,75 khi hy/H,=0,9.

4.KET LUAN

+ Nghién ctru d3 xac dinh dugc ranh gigi ché
d6 chay tu do hoan toan khi hy<0,2, chay ngap
hoan toan h,>0 va vung qua dg tu chay tu do
sang chay ngap la hy/H,=-0,2 + 0.

+ Xac dinh hé sb ngap on cua tran piano theo
cong thirc (3). Kiém tra diéu kién chay ngap qua
tran theo cong thuc (2).

+ Cong thtre thuc nghiém duogc kiém ching
v6i s6 liéu thyc nghiém cho sai sé nho, phu
hop vé quy luat dic trung thuy lyc cia dong
chay.

+ Kha nang thao qua tran piano chay ngap
duogc xac dinh Qn = 64n.Q1p V61 Qrp 1a luu
luong qua tran piano chay tu do dugc xac dinh
theo [5].

Viéc tinh toan rng dung cho cong trinh thuc té
s& duoc trinh bay trong bai bao tiép theo.
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