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XAY DUNG CONG THUC XAC PINH HE SO KHA NANG
THAO CHO TRAN PIANO CHAY TU DO

Lé Vin Nghi, Poan Thi Minh Yén
Vien Khoa hoc Thuy loi Viét Nam

Tém tit: Tran piano (PKW) la tran kiéu méi dwoc nghién citu, phdt trién, g dung manh mé
trong 20 nam gan ddy. Bén nay di c6 nhiéu nghién ciru trong xdc dinh cdu tao cia tran, xdc dinh
cdc yéu té hinh hoc chinh, yéu t6 thiy luc chinh anh huwéng dén kha néng thdo qua PKW. Tuy
nhién viéc thiét lgp cong thirc xdc dinh kha ndang thao qua PKW van con roi rac. Céc cong thirc
dd céng bé tiép cdn theo cdc gidi han ciia ty 1é hinh hoc cdu tao tran va loai tran (4, B, cong xén
1 dau hodc 2 dau) ma khéng tiép cdn theo cdc trang thdi chay qua PKW nén c6 d chinh xdc thap.
Bai bdo trinh bay két qua nghién ciru thiét Idp cong thirc xdc dinh kha ndng thdo qua tran piano
phan theo cdc trang thai chay tir s6 liéu thi nghiém trén mé hinh vat ly. Cong thirc xdy dung cé sai
$6 diedi 12,5% so voi két qua thi nghiém ciia nhiéu tdc gid, phit hop dé tinh todn trong thiee té.
Tw khéa: Kha nang thao, Tran Piano, Mo hinh thi nghiém vat Iy

Summary: Piano Key Weir (PKW) is a new spillway type that has been researched, developed
and strongly applied in the last 20 years. To date, there have been many studies in the
determination of the structure, determining the main geometric elements, the key hydraulic factors
affecting to the discharge capacity of PKW. However, the establishment of the formula for
determining the discharge capacity is still discrete. The published formulas have accessed to the
limits of the geometry and types ( type A, type B, console 1 or 2 sides) without accessing to the
state of flow through the spillway. So that these formulas have not reached to strictly accuracy.
The paper is presented the research results of establishing the formula of determination the
discharge capacity by flow states, from experimental data on physical models. The author's
formula has a error of less than 12.5% compared to the results of many authors' experiments and
is suitable for practical calculations.

Keywords: Discharge capacity, Piano key weir, physical experimental model.

1. MO PAU quan tam, nghién ctru, 4p dung cho cong trinh

Tran piano 13 hinh thte cong trinh thao 1i kiéu  thuy loi, thily dién trén thé gidi va ¢ Viét Nam.

méi, voi duong tran zic zic cho ning luc thao
16n hon tir 4+5 14n so vdi tran truyén thong khi
co cung chiéu rong tran, cdt nudc tran, ma
khong 1am tang dién tich mat bang cong trinh.
Day 13 mot giai phap hiéu qua nhim ting kha
ning xa cho cac cong trinh théo co diéu kién
mit bang hep hoidc trong ning cdp cac cong
trinh da c6. Do d6 PKW dang ngay cang duoc
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dat sét Ramdane Djamel & Pong Bic An-gié-ri
(2012)... O Viét Nam d3 c6 mdt sb cong trinh
ap dung kiéu tran PKW nhu Thuay dién Bak Mi
4B, bak Mi 2, bak Mi 3 (Quang Nam, 2010);
Thuy dién Vinh Son 3, dap dang Véan Phong
(Binh Pinh, 2011); Thay di¢n Xuan Minh
(Thanh Héa, 2013); H6 chtra nudc Pa Si (Lam
Dong, 2018).

Céc cong trinh trén 13 két qua ing dung tir cac
nghién ctru ctia nhiéu tic gia, nhém nghién ctru:
HydroCoop, PBién lyc Phap, Pai hoc Biskra (An
gié ri), Pai hoc Roorkee (An D) tir nhimg nam
1999+2002, F. Lempériere va cs (2003+2011),
A.Noui & A.Ouamane (2011), G.M.Cicero &
J.R.Delisle (2013), S. Erpicum va cs (2014).
Nghién ciru vé PKW tai Viét Nam c6 céc tac gia
nhu Truong Chi Hién, Tran Hiéu Thudn (2004),
M. Hd T4 Khanh, Nguyén Thanh Hai va cs
(2010+2018), Lé Van Nghi, Poan Thi Minh
Yén va cs (2012+2019).

2. CAU TAO VA PAC PIEM DONG CHAY
QUA TRAN PIANO

2.1. Céu tao hinh hoc tran piano

Dén nay tran piano duoc phan thanh 05 loai [11].
O Viét Nam, trong tiéu chuén [5] tran piano dugc
chia thanh 02 loai 1a loai cong x6n 1 dau (PK1-
loai B) va cong x6n 2 dau (PK2-loai A) nham khai
quat hoa hon vé tran loai A va B.

Tran piano dugc b tr gém mot hodc nhiéu don
vi tran (don phim). Mdi don phim gém 1 phim
nuéc vao va 1 phim nudc ra nhung dé dam béao
tinh d6i xting dong chay, thuong nghién ciru va
bb tri don phim gdm 1 phim nudc vao va 2 nira
phim nudc ra hoac nguoc lai.

Coi chiéu rong phim tinh dén tim tudng vach
ngan thi cac thong sd ciu tao cua don phim gém:
chiéu rong W.=Wi+W,; chiéu dai theo dong chay
cta thanh phim 13 B; tong chiéu dai ngudng theo
duong zic Zic 1a: Li= W +2B; hé sb chiéu dai
duong tran N=L/W..

Mo rong ra voi toan b tran ¢6 n don phim, ta cé

tong chidu dai ngudng tran theo dudng zic zic clia
toan bo tran 1a L=n.L,; tng chiéu rong thoat nudc
theo chiéu vuéng goc voi truc dong chay 1a
W=n.W, nén hé sb chiéu dai duong tran N cta
tran ciing chinh 1a hé s chiéu dai dudng tran ciia
don phim, N=L/W= L/W,= (W.+2B)/W,, (Hinh
1, Hinh 2). Dé hai hoa giita bai toan kinh té va
hiéu qua théo, trj s6 N ctia piano nén trong khoang
tir 4+6 [3], twong duong 2B=(3+5)W..

4—-_“_’?3,

Le=W+Wy+2B=W,+2B

|
Hinh 1: Cdu tao don vi tran tran piano
2.2. Céu tao dong chiy qua tran piano

Dong chay qua tran piano gdm 3 phan tuong
ung voi cdu tao hinh hoc dang zic Zic cla
ngudng, (Hinh 3):

- Phan 1: dong chay tran qua tuong thuong luu
phim nudc ra, chiéu dai tran nuéce 1a Li;

- Phan 2: dong chay tran qua tudng ha luu cia
phim nudc vao, chiéu dai tran nudce 13 Lo;

- Phéan 3: dong chay tran qua thanh bén ctia cac
phim, chiéu dai tran nuéc 1a L.

Khi ¢ot nudc tran thap (H nho), dong chay bam
theo toan duong zic zic, c6 thé coi chiéu dai
tran nude 13 tong dai sb cua 3 thanh phan
L=L;+Lo+L3 va Li#W,; LoaWj; L3~2B.

Tuy nhién khi cot nudc tran cao (H 16n), dong
qua phan 1 1an dan sang phan 3; mot phan dong
chay cudi phan 3 bj han ché boi hién tuong @
nuée do giao thoa cua hai dong bén cing d6
xubng phim nudc ra, ranh gi6i anh huéng nay
duoc xac dinh 1a ty 1€ ¢t nudc tran trén chiéu
rong phim nudc ra H/'Wo=0,5 [4], lam giam kha
ning thoat nudc qua phan 3. Do d6 viéc coi
chiéu dai thoat nudc qua tran 1a tong dai sé cua
3 thanh phén hinh hoc Li, L, L3 1a khong con
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Hinh 2: Cdu tao tran piano

3.MQT SO CONG THU'C THUC NGHIEM
XAC PINH KHA NANG THAO QUA PKW

3.1. Céc dang cong thirc tinh kha niang thao

Do céu tao hinh hoc phtic tap, dong chay qua tran
g0m nhiéu thanh phan nén viéc thiét 1ap cong thirc
tinh Iuu luong thdo qua tran piano cling da dang
hon tran truyén théng, duoc tiép cin theo 2
hudng:
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Hinh 3: Cdc thanh phan dong chdy qua PKW

1. Mot 1a xac dinh truc tiép luu luong thao Q
qua tran bang cach xac dinh hé s théo (Ca).
Trong d6 Q dugc tinh theo 2 dang cong thure:

+ Theo dang cong thic cua tran thuc dung:
Phan 16n cac nghién ctru xac dinh lwu luong qua
PKW theo dang cong thure cta tran thyc dung
v6i chidu dai tran nude 14 chidu dai duong zic
zac L (1) hodc chiéu rong tran W (2), (3).

Q=Cg;.L./2gH?; (@)
Q=Cg.-W.,/2gH*"? (b)
Q=Cq43.W.H.,/2gP; (c)

+ Theo dang cong thic cua tran thanh mong:
Theo d6, luu lwong qua PKW 14 tong dai sb cta
3 thanh phan dong chay qua tuong thuong luu
qu, tudng bén qs va tuong ha luu qq:

q=qu +qstqu @
Cong thue dang (4) chi phu hop véi KW c6 ¢t
nudc tran nhd, khi cot nudc tran 16n, ranh gioi
gita 3 thanh phan dong chay kho phan biét rd
rang nhu phan tich trén muc 2.2 nén s€ cho sai
s6 10n, c6 rat it nghién ctru 4p dung dang nay.

2. Hai 1a x4c dinh gian tiép: thong qua hé sb
hiéu qua thao r=Qp/Qo so vo6i tran thuc dung.
Hé sb r biéu thi sb lan tang luu lugng thao cua
tran piano so vdi tran thuc dung khi cé cung
chiéu rong va cdt nude tran.

Tuy nhién x4c dinh theo hé s6 r s& lam tang sai
s6 do phai tinh gian tiép qua lwu luong cua tran
thuc dung. Do d6 hau hét cac nghién ciru gan
day déu theo hudng xac dinh truc tiép hé sd thao
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Ca.
3.2. Cong thirc tinh hé s6 kha ning thio

1/. M.Leite Ribeiro et al.(2011), xac dinh
“chiéu dai tran hiéu qua” r 1a ham mii cta cac
thong s theo cong thire (5), [13]:

r=e’ —1=Qr/Qo (e)

Trong d6 y 1a ham cua da thic ctia 5 bién:
P L L W H

W;W;W;WOW?'

2/. G.M.Cicero & J.R.Delisle (2013) nghién ctru
tran c6 ty 16 chiéu dai N=L/W=6,5, ty 1¢ chiéu rong
phim nudc vao va phim nudc ra Wy/Wo=1,0 ty 1¢
cOt nudc tran va chidu cao tran trong pham vi
0,1<H/P<0,8. Luu luong qua tran tinh theo cong
thiee (2), hé sb kha ning thao Ca dugc xac dinh 1a
ham béc bon ciia dai lugng H/P [11].

3/. Abdorreza Kabiri-Samani & Javaheri (2012)
xac dinh hé s thao Cq cia PKW trong cong
thtc (2) 1a ham mi cua 6 bién [8]:
L;E;E;&;Eva&_ V61 gidi han H>3cm;
0,1<Ho/P<0,6; 1,0<B/P<2,5; 0,3 3< Wi/ W <
1,22; 0<B,/B<0,26; 0<Bi/B<0,2

4/. H6 Ta Khanh, Truong Chi Hién (2004) qua
thi nghiém tai Phong thi nghi¢m thuy lyc cua
Pai hoc Quéc gia TP HO Chi Minh cho tran
kiéu A v&i chiéu cao hoc phim cong trinh thuc
té Pp=4,5m, P=5,5m, chay tu do, dua ra cong
thitc cu thé theo chiéu cao va cot nudc tran
[12]:

Vi N=4: g=5,6.H'22 .
N=5: q=6,4.H'*® (H<2m)
va q=4,15H/Pp, (H>2m)

5/. Tiéu chuin Viét nam TCVN 12262:2018
(2018), Iuu lugng thao cho tran PKW c6 cong
x6n léch vé hai phia PK2, va cong x6n léch vé
1 phia thuong luu PK1 duoc x4c dinh theo cong
thirc (2). Cac hé s6 kha nang thao dugc xac dinh
tir két qua thuc nghiém trén mé hinh vat Iy voi

1

tran c6 cac ¢ thong sé hinh hoc & nguyén hinh:
Wu=4,8+10,5m; Wi/W,=1,2; B=12m; Pr=
3 + 8m (PK2); B = 18m; Pr=4 + 12m (PK1);
cong thirc tinh hé s6 thao Cq thiét 1ap riéng cho
tran PK 1, PK2 theo vung cft nudce tran voi ranh
gié1 H=3,0m (PK1); H=2,0m (PK2) va la ham
mii cta 2 bién Pr. Wu 5],
H, H,
6. Nhan xét vé cac cong thirc da co

+ Gia tri hé s6 r va hé s6 kha ning thio Cq phu
thudc vao cac thong s6 H, P, Pp, Wi, Wo, W, L,
B, Bo, Bi hay anh huong chinh té1 kha nang thao
qua PKW la céc dai lugng co ban: ty 1€ gitra
chiéu cao va chiéu rong don vi tran P/Wy; ty 1€
gitta chiéu rong phim nudc vao va phim nuée
ra Wi/Wo; ty 1& gitta chiéu dai dudng tran va
chiéu rong tran nudc N=L/W;

+ Céc cong thirc duoc 1ap cua cac nghién cliru
déu gidi han trong diéu kién cong trinh cu thé
(N, P) v6i H/P <0,7 va 1a ham da bién (4+6
bién) hodc ham don gian dang tuyén tinh/dang
mii cua cot nude H; ham bac bdn cua H/P.

+ Gan day nhét, trong Tiéu chudn Viét nam
(2018) véi gidi han ap dung theo dai lugng co
th nguyén (cot nudc, chiu cao tran, chiéu
rong phim) da duoc quy ddi ra kich thude cong
trinh thuc t& s& lam ting sai s6 ap dung do
chuyén d6i ty 16 mo hinh. Tuy nhién n6 c6 uu
diém 1a khong phirc tap nhung van biéu dién duoc
cac yéu td co ban cua tran piano, khi ap dung
nhiéu truong hop c6 sai s6 kha 16n dén 20%, dic
biét v&i mién cot nude thép.

4. XAY DUNG CONG THUC XAC PINH
KHA NANG THAO QUA TRAN PIANO

4.1. M6 hinh nghién ciru

Mo hinh vat 1y duogc thiét ké, xay dung, thi
nghiém theo Tiéu chudn TCVN 8214:2009 vé
thi nghiém mo hinh thuy luc; trén méang kinh
rong 0,5m, dai 22m, cao 1,0m; dau méi tran
piano dugc ché tao béng kinh hitu co; kénh dan
thuong ha lyu ding vira xi ming trat phang,
danh bong.
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Tran PKW dung dé thi nghiém c6 don vi tran
1a tran tiéu chuéan [3]: Piu mdi tran piano
gbém 2 don vi tran (hai cip phim vao va phim
ra); chiéu rong don vi tran 25cm; chiéu cao
tran P = 11 + 27cm; ty 1€ céc kich thudc hinh
hoc: P/Wy = 0,5 + 1,1; Wi/W, = 1,25; N =
L/W =5; Bi/Bo=1,0; B/B,=4,0; Po/P;=1,0.
Chi tiét hinh dang mat cat tran dé cap nhu thé
hi¢n trén Hinh 4. Ty 1€ c¢6t nudc tran thuc
nghiém trong khoang H/P = 0,17 + 2,10.

Nghién ctru thuc nghiém véi hon 150 truong
hop 13 t6 hop cua cac dai luong khong thu
nguyén: ty 1€ cot nude tran H/P=0,17+2,1, ty 1€
cot nudc voi  chiéu rong phim ra
Ho/W,=0,32+2,5; ty luu lugng qua tran
q=0,03+0,32 m*/m.s. Chiéu sau cot nudc tran
nho nhét thi nghiém Humin>3cm.

Do dac cac thong sé thuc nghiém: Thong sd
muc nudc xac dinh béng kim do muc nuéc cb
dinh doc chinh xac t&1 0,1mm va may thuy binh
Ni04 sai s6 khong vuogt qué 0,5mm. Xéc dinh
gia tri luu tde trung binh thoi gian bang dau do
dién tir PEMS, E40 do Ha Lan ché tao; dai do
tr 0,05m/s dén 5,0m/s, sai s6 1%. Luu luong
th4o vao md hinh dugc xac dinh bang mang
ludng hinh chit nhat c6 1ap dap tran thanh mong
va tinh toan bang cong thirc Rebock, sai s6 nho
hon 1%.

4.2. Xay dung cong thirc tir két qua thi nghiém
4.2.1. Xay dung cong thirc thuc nghiém

+ Pé xac dinh kha ning théo qua tran piano, bai
bao st dung cong thtrc tinh luu lugng truc tiép
nhu cua tran thuc dung, voi trang thai chay tu
do:

Q =Cy. W./2gH3/? ©)
Trong d6 hé s kha ning thao Cq xac dinh tir cac
s6 lidu thuc nghi¢m, 1a ham cta cac bién:

Ca=t (Ho/P, Ho/Wy, Ho/Ly) (h)
+ Tur két qua nghién ctru dic diém dong chay
trén tran piano, chiing t6i da phan dinh dong
chay qua tran gdm 2 trang thai 13 chay day va

[__KHOA HOC
chay khong day phim nudc ra véi gia tri ranh
gi6i la Ho/Wo=0,5 [4]. Hai trang thai nay c6 dac
diém dong chay khac nhau, anh hudng boi cau
tao hinh hoc tran va cot nude dén kha nang thao
1a ro rét. Do vay cac cong thuc tinh hé s6 kha
nang thao can dugc viét riéng cho hai trang thai
nay.

- V6i trang thai chay khong ddy phim ra
(Ho/W,<0,5), Cq c6 dang tuong tu nhu hé $6 luu
luong cua dap tran thanh mong chay tu do —
dang ham tuyén tinh:
Hy Hy ,
Cd = a+b.?+c.L—u (l)
- Vi trang thai chay ddy phim ra (Ho/W.>0,5),
Cq 12 ham theo cac bién Ho/P, Hy/W.,  khao sat
va thir nghiém cho thiy dang ham mii cho két
qua t6t nhét.
Ho\"' (Hp\* .
cn(7) () w
Céac hé s cua cong thirc thyc nghiém dugc xac
dinh theo phuong phap phan tich hdi quy tuyén
tinh, cuc tiéu binh phuong sai s6 thu duoc két
quad nhu sau:

+ Khi chay khong day phim ra (Hy/W, < 0,5):

H Hy
Cd:1’885_1’768?_1’215L_ (k)

u

+ Khi chay day phim ra (Ho/W,> 0,5):

0306 0,150
H,Y ~°(H

C,=0,705] =2 0 i

d [ p J [W j ()

u

Két qua cho thdy cac cong thic thuc nghiém
thiét 1ap co trong quan rat tot. Hé s6 tuong quan
dat R=0,952+0,988. Sai s chuan dat
$=0,023+0,080. Hé s6 kiém dinh Sig.F rat nho,
dat 5E"'2nho6 hon nhiéu so mirc ¥ nghia 0,05, sai
s gitra tinh toan va thuc nghiém xay dung cong
thirc 16n nhét 13 6,9% nén cong thire duge chap
nhan.

4.2.2. Panh gia va binh lugn
Su phu hop cua cong thirc thiét 1ap duoc biéu
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thi trén do thi Hinh 4, trong d6 khao sat két qua
tinh theo cong thirc thiét 1ap va dir liéu thi
nghiém cua bai bdo; dir li¢u thi nghiém cta cac
tac gia khac.

C,

2.0
1.5
1.0
0.5
R’ =0,978
0.0 H/P
0.0 0.5 1,0 ] 2.0 2.5
0.5 =~
1'-Ill v‘
(m'/s/m) A/
L4 -
-
0.4 ) W
o ;
o -
”:"‘ ? p ) l
& ’ )
Y 2 Sai s0 [10%
0,2
0,1
o B
(m/s/m)
0.0
0.0 0,1 0.2 0.3 0.4 0.5

Hinh 4: So sanh két qua tinh theo céng thirc
thiét lgp véi s6 liéu cua cdc tac gid khdc

So sanh giita két qua tinh theo cong thirc thuc
nghiém thiét lap va sb liéu thuc nghiém cua
céc tac gia khac cho thdy: sai s trung binh
16n nhat 14 6,9% va sai sd tuyét d6i 16n nhat
13 12,6%. Sai sb trung binh nay 1 nho so vai
sai s6 ciia nhitng cong thirc da cong bd.

Ngoai ra, cong thirc thuc nghiém thiét lap duogc
kiém ching v6i mién bién thién rong ciia cac
dai lugng hinh hoc va cdt nudc, dai dién cho
PKW c6 don vi tran tiéu chuan [4], dai gia tri ty
1€ cot nudc rong H/P = 0,2 + 2,5 dam bao bao
quat sy bién thién ctia hé s thio Cy, nén phu hop
khi ap dung thiét ké cho cac cong trinh trong
diéu kién khac nhau.

Cong thic ciing phu hop dé tinh cho PKW loai
B v6i sai s6 trung binh 16n nhét 1a 7,2%, sai s6
tuyét dbi 1on nhat méc phai 1a 13,5% [4]. D6 1a
do hi¢u qua thdo cua céc hinh thirc tran chi khac
nhau 10 rét vdi cdt nho, khi chia viing cong thirc
theo trang thai chay khong day va day phim ra
theo ranh giéi Ho/W,= 0,5 da déng nhét duoc
PKW loai A va loai B theo thong sé chiéu dai
zic zic L.

5. KET LUAN

- Chon di tuwong nghién ctru 14 tran piano c6
don vi tran tiéu chuan dai dién cho cau tao hai
hoa vé kinh té, thuy lyc dé nghién ciu thuc
nghi¢m: Tran c6 N=5; Wi/W=1,3; Ho/Wo=
0,32+2,5; Ty 1€ cot nudc va chiéu cao tran
H/P=0,17+2,1.

- Cong thuce xac dinh luu lugng thao qua PKW
theo dang cong thirc cua tran truyén thong, tir
phan tich dac trung thuy luc theo hai trang thai
chay day va khong day phim nudc ra, xay dung
duoc cong thuc tinh h¢ s6 kha nang théo theo
(11), (12) twong tng véi 02 trang thai chay.

- Cong thirc thiét 1ap cho sy phu hop hon ca so
v6i cac cong thure da co, so sanh vai s6 liéu thuc
nghiém cua céac tac gia khac cho sai so trung
binh 16n nhat 1a 6,9%; sai s6 tuy¢t doi 16n nhat
1a 12,6%, phu hop véi tran loai A va loai B hay
cong x6n 1 dau va cong xo6n 2 dau.

Céc ky hiéu thong s tran piano thé hién trén
Hinh 1, Hinh 2:

Zr1: Cao trinh myc nudc thuong luu (m)

Zng: Cao trinh dinh ngudng tran (m)

P: Chiéu cao phia thugng luu tran, d§ chénh
gitta nguong tran voi dady kénh thuong luu
(m);

H: Co0t nudce tran, chénh gilra cao trinh muc
nudce thugng luu voi dinh ngudng tran;

Ho: Cot nudce tran c6 ké t6i luu tde téi gan (m);

Q (Qp): luu lugng thao qua tran Piano chay tu
do (m%/s);

q: lvu lwong don vi (m*/s.m);
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Wiz Chi€u rong phim nudc vao (m); L: Tong chiéu dai dudng tran zic zac cla

W,: Chiéu rong phim nudc ra (m); ngudng tran (m);

Wu: Chiéu rong 1 don vi tran, Wu=WitWo(m); [ . Chidu dai duong zic zic ngudng cua mot
W: Chiéu rcfn}g trép theo phuo*ng vuong goc voi  don vi tran (m);

dong chay, bang tong chiéu rong cac phim nudce o s R
vao va phim nudc ra, W=YW+> W, (m); N: H¢ s0 chic¢u dai dudng tran, bang ty 1¢ giira

S e .+ ... .,  chiéudai tran va chiéu rong tran, N=L/W
B, Bi, Bo: Chiéu dai phim tran; Chiéu dai phan

nho6 thuong luu, ha luu phim (m);
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