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PHAN TiCH ANH HUONG CUA CAC PAC TRUNG HINH HQC
PEN KHA NANG THAO VA LUA CHON MAT CAT TIEU CHUAN
CHO TRAN PIANO

Poan Thi Minh Yén
Phong Thi nghiém trong diém Quéc gia vé dong liec hoc séng bién

Tém tit: Tran piano tién than la tran Labyrinth kiéu cung cdi tién méng thu nhé nham xdy ding
trén dia hinh chdt hep. Luu heong qua tran piano tang tir 3 dén 5 lan so véi tran truyén thong do
tang vé chiéu dai thodt nuwée dang zic zde, ddc biét khi cét nwde nhé. Tran ¢é cau tao phic tap,
kha ndng thao qua tran phu thudc vao nhiéu thong sé hinh dang. Bai bdo nay trinh bay cdc két
qud nghién ciru va di dén hra chon mdt cat tiéu chudn cho tran piano nham t0i wu vé kha ndng
thdo va kinh té. Mat cdt tran piano tiéu chuan duwoc xdc dinh béi cdc ty s0 ty lé chiéu dai
tran/chiéu réng tran tir 4 t6i 6 (N=L/W=4+6); ty Ié chiéu réng phim nwdc vao/phim meée ra tir
1,2 dén 1,5 (W/W,=1,2+1,5); ty I¢é gitra chiéu cao tran va chiéu rong don phim P/W,=0,5+1,3;
D6 doc phim nieée vao S;=0,4+0,8.

Twr khoa: Tran piano (PK Weir), kha nang thao, cdu tao hinh hoc.

Summary: Piano Key Weir (PKW) was developed from Labyrinth weir, had small footprint may
be installed on small foundation surface. Discharge capacity of PKW was increased from 3 to 5
times over traditional spillways due to increased crest lengths, especially when low upstream
water head. The geometry of PKW was complexed and its discharge capacity influenced by many
geometric parameters. This paper presents the results of exist studies to give standard section of
PKW that had op timumal hydraulic and technico-economic. The standard section has geometric
ratios N=4+6; W/W,=1,2+1,5; P/W,=0,5+1,3; $;=0,4+0,8.

Keywords: Piano Key Weir, discharge capacity, geometric parameters

1. PAT VAN PE

Tran piano 14 hinh thuc cong trinh thdo duoc
coi 1a giai phap kinh té, ky thuat nhit 1a trong
cai tao nang cAp cong trinh xa 1ii boi kha ning
tho qua tran tang tir 3 téi 5 lan so véi tran
truyén thong, chan tran c6 céu tao thu nho
giam con 2/3 so chiéu dai dinh. Pugc nghién
ciru tir nhitng nim 1990, cai tién tir tran
Labyrinth va xay dunglan dau tién ¢ Phap (tai
dap Goulours) vao nam 2006, dén nay di co
trén thé gidi da co 25 cong trinh ung dung,
trén 20 tap chi va hon 100 bai bao cong bd cac
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nghién ctru vé loai tran nay.

Tran piano co cdu tao gdm hon 20 thong s6
hinh hoc, 9 thong sb chinh vé6i 4 hinh thirc:
kiéu A véi hoc phim ddi xirng, kiéu B chi co
héc phim thuong luu, kiéu C chi ¢6 hdc phim
ha Iru va kiéu D khong c6 hc phim. Ngoai ra
¢6 kiéu E 1 twong tu nhu kiéu D nhung day
phim nam ngang, ¢6 bac, (Hinh 1). Do d6, kha
nang thio qua tran chiu anh huéng rat nhiéu
boi dic trung vé ty 1€ hinh hoc.

Trén thé gidi, hau hét g dung xdy dung tran
piano trén dinh ddp hién c6, giup chu dong va
tang kha nang thoat 1ii do dong chay dén hd
tang cho nhitng dép tran dang van hanh. M6t
sb (g dyng 1am tran bén, trén nén dia chit
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yéu cho dép dét hodc cho cong trinh phan 1i &

ving dong bang, cong trinh xa nudc thai cho
bé chira ciia dy an khai thac mé. O Viét Nam,
tran piano da dugc tng dung trong xay moi
nhiéu cong trinh thay dién nhu Pik Mi 4B,
bak Mi 2, bak Mi 3, tinh Quang Nam; Vinh
Son 3, tinh Binh DPinh, dac biét la ung dung
sang tao cho cong trinh thao cot nudc thip tai
dap dang Véan Phong, tinh Binh Dinh, mot
cong trinh tran piano 16n nhét trén thé gidi cho
dén thoi diém hién nay.

Tuy nhién hau hét cac cong trinh tran piano
nay c6 hinh dang mat cit theo mot vai mau da
dugc thi nghiém trén mo6 hinh vat 1y nhu theo
nghién ciru cua Lempéricre (2003, 2011);
Leite Ribeiro va nnk (2009); Erpicum va nnk
(2011). Cac tran piano & Viét nam co céu tao
mit cat giéng nhau vé ty 18 kich thuéc hinh
hoc chinh, déu theo nghién ctru cia M. Hb Ta
Khanh va nnk va déu thi nghiém trén mé hinh
vat Iy.

Pén nay, van chua c6 nhitng quy dinh chung
vé cdu tao hinh hoc duoc 4p dungphd bién, la
co s chung cho thiét ké, tinh toan tran piano
nhu cia tran truyén théng Bai béo trinh bay
nhitng phén tich vé céc dic trung hinh hoc anh
hudng to1 kha nang thao qua tran piano cua
cac nghién clru da co, tir d6 xac dinh mat cit

Thuong luu

ti€u chuan cua tran cho t6i vu vé kha nang
théo, thuy lyc va kinh te.

2. CAUTAO TRAN PIANO

Tran piano co céu tao phtc tap, duong tran
hinh zic zic tao nén cac phim nudc vao va
phim nudc ra. Céu tao tran gdm 9 thong sb co
ban 1a: chiéu cao tran P, chiéu rong don phim
W,, chiéu ron g phim nudc vao W, chiéu ron g
phim nudc ra W, chiéu dai phim B, chiéu dai
phan nho ciia phim vao B;, chiéu dai phan nho
cta phim ra B,, 46 doc day phim S; va chiéu
day thanh bén phim Ts; (0).

Hau hét cac nghién chu nhim téi wu kha
ning théo 1a thay ddi cic hinh dangtran theo
dai lugng khong thir nguyén. Cac dai lugng
dic trung hinh hoc nay chu yéu la: ty 1¢ giira
chiéu cao va chiéu rong don phim P/W,;
chiéu rong phim nuéc vao va phim nuéc ra
Wi/ W,; tong chiéu dai duong tran va chiéu
rong tran nuée N=L/W; chiéu dai phan nhé
phim nuéc vao va phim nudc ra B/B,, chiéu

dai phan nhd ciia phim va téng chiéu dai
phim B;/B, B,/B.

Tran c6 hinh thirc, ty 1& cAu tao hinh hoc khac
nhau, kha nang thdo qua tran ciing khac nhau
nhung chi trong mtrc d nhat dinh.

Hinh 1. Céc kiéu tran piano, [13], [9]
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b. Cdt ngang tran qua phim niée vao (A-A)

Céc ky hiéu thong sd tran Piano

- ZTL:

Hinh 2. Cdu tao tran piano

Cao trinh myc nude thuong luu (m)

trinh dinh ngudn g tran, khi dong chdy qua tran 1a ty do (m);

Luu lugng thao qua tran (m3/s); q: Luu luong don vi (m3/s.m);

-Zpg: Cao trinh dinh ngudng tran (m)
- H:
- Hy: Cot nude tran fr do co ké téi luu tde téi gan (m);
-Q
- P:
- Wi Chiéu rong phim nuéc vao (m);
- W, Chiéu rong phim nuéc ra (m);
-W,:  Chiéurdng 1 don vi phim (don phim), W,=W +W, (m)
-B: Chiéu dai phim; (m);
- B;:
- S b6 dbe day phim vao;
- L:
- N:
N=L/W;
-1
-Cy Hé s6 théo cia tran piano, C4~=N.m

c. Cdt ngang tran qua phim nwéc ra (B-B)

Cot nudc tran fwr do, 1a o chénh gitra cao trinh myc nudc thuong luu hé véi cao

Chiéu cao tran, 12 46 chénh giita cao trinh dinh tran va day kénh thuong luu (m);

Chiéu dai phan nhé ha lru (m); B,: Chiéu dai phan nh6 thuong luu phim (m);

Tong chidu dai dwong tran zic zac, L=W+n.2B (m); (n: s6 don phim)

H¢ s6 chiéu dai duong tran, bang ty 1€ gitra chiéu dai tran va chi€u rdng tran,

Hé s6 tang kha ning thao cua tran piano so tran truyén théng, r=Cy/m
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3. ANH HUONG CUA PAC TRUNG HINH
HOQC TOI KHANANG THAO QUA TRAN

3.1. Hinh thic tran

Cac nghién cuou da xac dinh dugc hinh thic
tran c6 anh huong dang ké toi kha nang thao
nhung chi 16 rét v6i ¢t nude thip.

Bing mo hinh vét 1y, A Noui & A.Ouamane
(2011) cho théy, tran loai B ¢6 kha niang thao
tSt hon loai A véi H/P<0,45. Khi ¢ot nude tran

Cy Quan h¢ C~H/P
2.5
LW=6
W/P=1,1
W,/ W,=1,2
2.0
1.5
1.0 ~
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Hinh 3. Anh hiréng hinh thirc kiéu A & B, [15].

J.Pralong va cs, (2011) bang mo hinh toan 3D
cling cho théy, tran loai B hi¢u qua hon tran
loai A khoang 10% khi cft nude tran H/P<0,5.
b6 1a do sy khac nhau & hiéu qua dong chay
qua tuong bén. Tran loai A hi¢u qua hon ¢ 1/3
doan dau tuong bén trong khi tran loai B hiéu
qua hon & 2/3 doan sau khi xét cing mot chiéu
dai phim. Viéc tang chiéu dai cia phan nho vé
thuong luu (héc phim thuong hwu) ¢6 1am ting
hiéu qua thiao nhung khong dang ké, chi
khoang 2,5%. Hiéu qua thao co thé ting 16n
nhét khoang 6% cho tran loai B voi ¢t nude
rat nho H/P=0,12, [16].

3.2. Chiéu cao tran P

Céc nghién ciru xem xét anh hudng cia chidu
cao tran thuong thong qua dai lugng khong tha
nguyén 1a ty 18 giita ciia chidu cao P va chiéu
rong tran W hodc chiéu rong don phim W,

tang kha nang thdo cta hai loai tran nay la
tuong tu nhau. (0), (0), [15].

GM Cicero & J.RDelisle (2013) thyc hi¢n véi
tran ¢c6 N=L/W=6.5, W/W =1 va 0,1<H/P<0,8,
chi ra rang kha ning thao cia cac loai tran giam
dén theo thir tr loai B, A, D, C. Kha nang thao
cia tran loai B tot hon tran loai A khoang
5%+10%, tran loai A t&t hon tran loai C khoang
15% khi ty 1& cot nude thap, [6].

Cq4 Quan h¢ C4~H/P
2.0
W/P=1.23
1.5 1
W/P=1,6
1.0 »
W/P+=0,99
0.5
L/W=4
W,/W.=1,5 H/P
0.0 !
0.0 0.2 0.4 0.6 0.8

Hinh 4. Anh hieéng ciia W/P, [15].

A.Noui & A. Ouamane (2011) véi tran c6 cot
nude thdp H/P=0,15+0,65 di xic dinh, tran
thao tot hon khi ty 1&¢ W/P 16n. Hé s6 kha nang
théo tang khoang 7% khi W/P tangtu 1,25 1én
1,67 voi H/P=0,25 va 1a 9% khi W/P tang tu
0,99 lén 1,25. Hé s kha ning thao ting trung
binh tor 4% téi 6% khi ty 1€ cOt nude tran
H/P=0,5, (0), [15].

S. Erpicum va cs (2014) nghién ctru cho tran co
thong s6 N=L/W=5, chiéu cao phim nudc vao
va phim nudc ra bang nhau (P=P=P,) chi ra
rang kha ning théo qua tran piano chiu tac dong
nhit cta cac yéu td theo thi tu 1a chidu cao
tran, chiéu rong va chiéu dai phim. Tbi wu hoa
chiéu cao tran, kha niang théo qua tran piano
tang gp 4 lan so véi tran thuc dung véi cot
nude tran thap va 1a 2 1an véi cdt nude tran cao.
T6i vuhoa chiéu rong phim, kha ning théo ting
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khoang 30% va tdi wu héa chiéu dai phim kha
nang thao s& tang khoang 20%.
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Hinh 5. Anh hieéng ciia P/W, t6i kha nang
thao, [8]

V&i cot nude tran thép, hé so ting kha ning
thao r dan hoi tu va dat gia tri lon nhét
khoang bang 5 khi H/P~0,2. Khi c6t nudc
tran cao, hé s6 kha ning thdo giam nhanh va
tiém can dén 1. Voi H/P~2,0 gid tri r gan vé
bang 1,0, kha nang thao qua tran piano tuong
duong tran truyén théng Kha ning thao qua
tran giam khoang 10% khi P/W, gidm tur 1,33
xubéng 0,83. Mt cat tran tdi wu vé kha ning
théo khi ty 18 hinh hoc P/W, =0,5+1,3. Néu
wu tién vé kha nang thao hon nén chon P/W,
thién 16n (P/W, ~1,3). Bé hai hoa kinh té va
kha nang thido, nén chon P/W, thién nho
(P/W,=0,5), [8].
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V.Lefebvre va nnk (2013) mé phong bang mo
hinh 3D v61 P =2m+8m, so sanh voi tran
P=4m chi ra rang, khi tran c6 P< 4m, Q giam
dang ké (AQ%<0) véi H=I1m + 2m va ngugc
lai, khi tran ¢6 P>4m, Q qua tran ting ddngké
(AQ%>0) (0). Piéu nay phu hop véi cac két
qua nghién ctru da cd trén mo hinh vat 1y boi
v6i cling ¢ot nude H, khi chiéu cao tran P
giam thi ty 1€ cot nuéc H/P tdng, kha nang
théo qua tran gidm.

Vi cot nude thdp H=0,5m, hiéu qua théo ting
khodng 5% khi W=1,m va tang khodng
20%+30% khi Wi=1m so véi cic két cAu phim
rong hon (0), [11].
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Hinh 6. Anh hieéng ciia chiéu cao tran P dén
hiéu qua thao lwu lwong AQ%, [11].
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Hinh 7. Anh huéng ciia chiéu réng phim vao W, phim ra W, dén hiéu qud thao A0%, [11].

3.3. Ty 1¢ tong chiéu dai va chiéu rong tran ning thao cia tran ting khi ty 1& N giita chiéu
dai va chiéu rong tran 16n, Q tdi wu tangkhi N

N=L/W:
Theo A.Noui & A.Ouamane (2011), hé s6 kha

khoang tir 5 t6i 6, nhung véi cot nude tran thap

TAP CHi KHOA HOC VA CONG NGHE THUY LGOI SO 41 - 2017

5




[ RAOAHOC
H/P<0,3. Khi HP >1,0, kha nang thdo cta tran
hau nhu khong phu thude vao thong s6 N; Kha
nang thao tang khoang 15% véitran c6 cot nude
thap H/P=02 va tang khoang 8% khi cot nudc
tran 16n hon v6i H/P=0,4, (0);

M.Leite Ribeiro va nnk (2011) cho thiy kha

C, QuanhéCoHPvei W/W=L5

23 L-W=6
20 . L/w=6 s L-W=4

| o

1.0 L/W=4 s

' o e [
0.5
0.0 H/P

0 0.2 0.4 0.6 0.8

Hinh 8. Anh hieéng ciia N=4 & 6, A.Noui &
A. Ouamane (2011), [15].

G.Das Singhal & N.Sharma (2011) cho két
qua ciing phu hop véi xu huéng hé sb r giam
khi ty 1€ cot nude H/P tang, theo d6 hé sb kha
ning thdo giam rat nhanh khi ty 1& cot nudc
H/P tangtur 0,2 1én 0,4;

Ngoai ra, voi N tir 2,96 dén 5,1. Khi Nppa=5,1,
Imax®4,2 voi H/P=0,05 va r,,,,=3,2 voi H/P=0,2
(0), [7].
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Hinh 10. Anh hwong ciia N=L/W t5i O, [7].

nang théo cua tran tang khoang 50% khi tran c6
N tang tir 3 1én 7 véi H/P=0,2 khi so sanh véi
tran thuc dung c6 hé sé hru hrong m=0,42. Voi
ty 1& cot nrde H/P>1,2, hé sb chiéu dai tran N
anh huong khong dang ké t6i kha nang thao
qua tran, (0);
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Hinh 9. Anh hiréng ciia N=L/W, M.Leite
Ribeiro (2011)

Nhu vay céc nghién ciru cho thiy tran piano c¢6
kha ning thao t6i uu khi ty 18 giita tong chiéu
dai va chiéu rong tran N=L/W tir 4 téi 6
(N=4-6).

3.4. Ty 1 chiéu réng phim nubc vao va
phim nwdc ra W/W,

Phim nudc vao 1a pham vi 6 don dong chay
dén va phim nuéc ra 1a 6 dong chay di, duoc
gi6i han boi hai tudng bén cia mdi phim. Anh
huong cia ty 1& Wy/W, dén kha ning thio qua
tran duoc khang dinh qua céc nghién cru cua
M .Leite Ribeiro va nnk (2011), A.Ouamane
(2009), A.Noui & A. Ouamane (2011) va
O .M achiels va nnk (2014).

M Leite Ribeiro va cs (2011) cho thdy, hiéu
qua thdo qua tran s& t6t hon khi W/W, >1.
Nhung néu chiéu rong phim nude vao qua 1on
so voi phim nudc ra, tuc ty 1€ Wy/W,, 16n toi
1,6 hay 2,0 lan thi kha nang thao ciing ting
khong dang ké;

OMachiels va nnk (2014) va A.Noui & A.
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Ouamane (2011) xic dinh ty 18 téi vu cua
chiéu rong phim tran 1a W/W, tur 1,2 dén 1,5;
Vi ot nudc thap H/P<0,4, kha nang théo qua
tran tang khoang 5% khi ty 1& chidu rong
W/W, tang phim tir 1,2 Ién 1,5, trung binh kha
nang thao tang khoang 3%.

Hé s6 théo C4 giam nhiéu khi W/W,= 0,67.

g s WEEMETL
3 L'_ﬂ.‘.'o 1l5
2 _—
| .5 & W =12
] WW =067
05 |+ wiveis
] - ::2:1 |:" HTP
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Hinh 11. Anh hwong cua ty le W/W, toi kha
nang thao, A.Noui & A.Ouamane, [15].

Hinh 12. So d6 va két qua thi nghiém ddy
phim ra bé tri bdc, [5].

O Machiels va nnk (2011) nghién cru v6i nhiéu
gia trj do dbc day phim vao S; thay doi tir 0,25
t6i 1,5 da chi ra rang do dbc anh huéng khong
dang ké t6i kha nang thao; Do doc t6i wu vé thiy
lyc 1a S; tir 1,1 dén 1,2, nhung hai hoa vé ca hiéu
qué kinh té va thiy lrc 1a S=0,4+0,8.

| KHOA HOC CONGNGHE

Trong céac két qua trén, gia tri cdt nudc nhd
H/P<0,4 twvong duong H/W,<0,48. Tuc la, tran
¢6 ¢ot nudc nho hon khoang Y4 chiéu rong
phim ra (H<2W,), kich thudc hinh dang s&
anh huong dang ké toi kha nang théo qua tran
(thay doi t6i 15%). Khi cot nude 16n, H>%W,,
thong sd hinh hoc tran anh huong khong dang
ké t6i kha nang théo (khoang 3-4%).

3.5. P doc day phim

Tran piano ¢ cdu tao véi ddy phim nudc vao
va phim nudc ra ¢ mai doc tuy nhién cac
nghién ctru cho thay chi d6 doc day cua phim
nudc vao ¢ anh huong téi kha nang thao;

Theo A.Noui & A. Ouamane (2011), ddy phim
nude vao co do doc S>0 lam cho dong chay
qua tran xudi thuan hon vé dic trung thiy
dong luc, lam tdng kha nang thao to1 12% so
véi tran co do déc day phim S=0 khi ty 1& cot
nudc H/P>0,6;

2.4
4 Model Alm with one step (0,08m)
2.2 1 > [ two steps (0.08m, 0.03m)
21 \ two steps (0.08m, 0.06m)
1.8 ]
;
1.6 1 /
/
L4+
12§ C =C A
L wl "
1 7 “ N Y
v | S
0.8 7 C =C ‘2>C R \
0-6 | W W #
0.4 CWINCWZNC\ﬂ
02 1 H/P
0 t i N t T

Ngoai ra, trén day phim nudc ra ¢ thé bd tri
cac bac, chitu cao bac can nhé hon mot nira
chiéu cao phim nuéc ra (d<0,5P,) dé khong
anh huong dén kha niang théo qua tran,
(Belaabed.F va nnk, 2017), (0), [5].
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4. KET LUAN

- Bai bao d4 trinh bay chi tiét cac két qua cua
nghién ctru dd c6 vé anh hudng cac dic trung
hinh hoc téi kha nang thao qua tran piano nhu
hinh thtc tran, chiéu cao tran, chiéu rong va
chiéu dai phim, d6 ddc day phim. Hinh dang
hinh hoc cta tran chi anh hudng dang ké toi
kha nang thao khi cft nudc thép. Khi ¢t nude
cao, cic tran co cdu tao hinh hoc khac nhau
kha ning thao khac nhau khong dangké.

- Céc k& qua duoc biéu thi boi cic dai Iuong
TAI LIEU THAM KHAO

Tiéng Viét

khong thir nguy én, o6 tinh dai dién rong, tong quat.

- Phan tich, tonghop cac nghién ctru cho thiy,
tran piano s& cho tdi wu vé thuy lyc, kha ning
théo va hai hoa kinh té khi mat cdt tran co ty 16
hinh hoc tiéu chuin (hay goi 13 mit cat tran
tiéu chuan) gdm: ty 1¢ chiéu rong phim nudc
vao/phim nudc ra W/W,=1,2+1,5; ty 1& chiéu
cao  tran/chiéu rong don vi phim
P/W,=0,5+1,3; ty 1¢ chidu dai zic zac/chiéu
rong tran N=L/W=4+6; d6 dbc day phim vao
S=0,4+0,8.
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