| KHOA HOC

| CONG NGHE

NGHIEN CUUBE TIEUNANG SAU PAP TRAN PHIM PIANO
LOAIA (N =4,3)

TS. Truong C hi Hién
Truong Pai ho c Bach khoa Tp. Ho Chi Minh

Tém tit: Nehién ciu thue nghiém tvén mo hinh vat ly nham xdéc dinh kha nang thao nusc aia
cac logi ddp trin phim piano logi A (N = 4,3) va kich thutc bé tiéu nang, ap dung cho cong
trinh thuy loi chiu cot dap tir (20 - 25) m.

Viéc cung cdp cdc thong so ki thudt vé kha nang thao cdc logi ddp tran phim piano dang déi
xing loai A, ¢ trang thdi chdy tw do va kich thutc bé tiéu nang & gdp phan ddp img yéu cau
chon logi dép tran thich hop phuc vu céng tdc thiét ké va thi cong xdy dung cac dw dn.

Tir khéa: Lwu lwong riéng, dip tranphim piano loai A, bétiéu ning, mo tiéu ning, hé xoi.

Summ ary: Experim ental study on physical modeling to determine the discharge capacity ofthe
P.K weirs Types A (N = 4.3) and the dimension of stilling basin in the hydraulic structures. This
research was peirformed for the hydmulic head ranged from 20 to 25 m for selected
dimensionless relationships between the design param eters.

The experimental results will provide the hydraulic characteristics of the P. K weirs Types A in
the free flow and the dim ension of stilling basin. These will contribute to select the appropriate
type forthe design and construction projects.

Keywonds: the specific Discharge, the Piano Key Weir yype A, stilling basin, baffle blocks,

local sco ur.

1. TONG QUAN

bép tran phim piano (PKW) c6 kha nang théo
gip 4~5 lan kha ning thao dip tu tran chinh
dién [1]. N6 thuong duge ding dénéng cao &
tin cdy cac ddp tu tran, giam cao trinh muc
nude thuong luu cia hd chira trong qua trinh
diéutiét 10 Kha ning thédo nudc cua dip tran
phim Piano loai A dugc nghién clru tor ndm
2004 [2]. Cac dangkhac B va D cua dap tran
phim piano ciing d@ dugc nghién ctukhanang
thao nudc va dugc cong bdnam 2013 [7].

Hién nay céc loai dap tran phim Piano da trién
khai xdy dung tai cic cong trinh dduméi thiy
loi-thiy dién nhu: Pak Mi 4B, bak Mi
4C(Quang Nam), Van Phong céac cdng trinh
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dang & giai doan thiét ké nhw: Vinh Son 3
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DPbi v6i cac loai dip tran truyén thong, tiy
thudc vao luu lugng thao [, dang dia hinh,
diéu kién dija chat con g trinh, ché do ndi tiép
thiy lyc va tiéu ning ha luu o6 thé & dang
dong diy, dong mat, dong hon hop chay mit-
day. Tuy cung chiéurong tuyén tran Bnhung
luu lugng théao cia dap tran phim piano cao
gép nhiéu lan so voi dép tran truyén thong va
tinh chat phan bd luu luong riéng qkhéng déu
trén doan L, sau than dap (h.1), noi ma dong
chdy hinh thanh tu luu lugng thao sau cac
phim vao, phim ra, phim doc hop nhét, kém
theo 1a hién twong ham khi. Cac xéo tron nay
gdy kho khan trong viéc xac dinh chidu sau
dong chay trugc nurde nhay, dong thoi im cho
viéc ap dung cac cong thirc tinh toan ti€unang
truyén thong cho dap tran phim piano khong
con thich hop.
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Tuong tu nhu dip tran tryén thong viéc
nghién ctru cac gdi phap ti€u nan g cho dép
tran phim piano bing thi nghiém B rit cin
thié nhim gop phin dm bao an toan cho ha
lwutran v anang cao do tin cdy cia hé thong
trong van hanh. Trong d& tai nay hinh thic tiéu
ning bang bé tiéu ning & ha luu cdng trinh (co
chiéu cao trun g binh 20~ 25m) dugc chon dé
nghién cru bang thi nghiém trén mo hinh vat
ly dap tran phim piano loai A véi N =4,3.

2. THI NGHIEM

Thiét bithinghiém chinh gdm: may bom nudc,
mo hinh dp tran phim Piano vé&i bé tidu ning
dat trong mang kinh thi nghi€ém dai 4,5 m va
rong B = 60 cm. Nudc dugc cip boi may bom,
saukhi qua luéi giam song dit & dau mang s&
duoc thao qua mo hinh dap tran va bé tiéunang
dat trong mang kinh. Sau méng kinh nudc s
duwoc chuyén xubng mot kénh ha luu, dai 7 m,
rong 0,6 m 1ong kénh lang vim xi mang. Cudi
kénh ha luu lip cira van dé diéu khién muc
nude ha luu. Nuge sau ctiia van diéu tié& muc
nuéc ha luu duge chuyén vao kénh dan dai 9 m,
rong 0,75 m. O cvdi kénh din c6 ldp dit dap
tranthanh mong do luuluong.

Muc nudc thuong luu trong mang thi nghiém
va kénh thao ha luu duoc do bang kim do, do
cao trinh muc nuwée nhd nit diéu chinh va cao
d0 cua mii kim dirgc xac dinh nho du xich.
Do chinh x4c 140.05 mm.

M6 hinh thi nghiém dép tran PKW loai A dugc
trinh bdy rhu Hinh 1. Cin ¢ vao cac diéu
kién hién c6 cta mang thi nghiém, kich thude
kénh thao va kha ning cung cip hru rong cta
may bom, chon md hinh thi nghiém khong
bién dang theo ti€u chuin tuong tu trong luc,
¢6 ty 16 hinh hoc Ay =50 dirgc thuc hién gidng
nhau trong cac phuong an thi nghiém. Cic
thong s6 hinh hoc ctia mé hinh dp tran PKW
loai A dirgc chon nhu sau:

Chiéu cao tran P; (m) 10,5

Tong chidudaingudngtran L (m) 130

Chiéu rong tran B (m) 30
Chiéu day tuon g tran T's (m) 0,5
Chiéu dai phim doc Wy (m) 25
Chiéurdong phan vao Wi(m)  7.0va3,5
Chiéurdng phan ra W, (m) 7,0
N=tong chiéu dai tran L/B 43

Cac s0 lidu trong cac phan dudi ddy dwoc trinh
bay theo kich thuéc nguyén hinh. M6 hinh
dugc thi nghiém vo6i lvu luong riéng
q=Q/B =(8 ~32) m3/s.m, chiéu cao cOt nudc
tran toan phan H, thay di trong pham vi tir
(0,8 ~3,4) m. Hai phuong 4n gia ¢ long dan
ha luvu da 120 m gém cat (Dso=0.22 mm -
kich thuéc mo6 hinh) va dd mi (Dso =7 mm -
kich thuéc mé hinh), duge chon sau khi ¢ két
qu d van téc day trong kénh ha luu o
phuong an thi nghiém voi vat li¢u day long
dan 1a16p cat).

Thi nghiém dugc tién hanh theo 2 gai doan:

- Giai doan 1: thi nghiém xac dinh kha ning
théo cua dap tran PKW loai A (N =4,3).

- Giai doan 2: thinghiém tim céac théng sb nudc
nhdy cho mo hinh long cing (thinghiém 1).

- Giai doan 3: thi nghiém tim cac thong sd
chi¢u sdu bé tiéuning c6 md tiéu ning chidu
sauhd x6i sau bé tidu nang cho mo hinh lbng
mém 13 cat (thi nghiém 2) va d& mi (thi
nghiém 3,4, 5).

3.KET QUA THi NG HIEM MO HINH

3.1. Trang thai chiy tw do

Ké qua thi nghiém xac dinh luu luongthao q
= Q/B (m’/sm) theo cdt nudc toan phan
Ho (m) cho dap tran PKW loai A drgc mo ta
trén hinh 2 va 3. Cac do thi nay cho théy:

- Luu lugng riéng cua dp tran PKW loai A
(N=43)v6i H,= (0,8 — 34) m dugc mo ta
bang phuon g trinh hdi quy:

Ppra=9.0492 H, +1.066 voi R2=0981 (1)
Néu biéu dién ga theo bién sd llg Py, [5]
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nhu hinh 3 ta nhin dugc phuong trinh hdi quy - Pi v6i cing gia tri Ho, hru lrong tran cia

sau day (R2 =0,998): dap tran phim Piano loai A (gpga) cao hon luu

Tra =3~5784H|'-|um 2) luon % théo 9ua dap tran Creager (qcreager) tU
2,2 dén 3,5 lan.

So voi gia tri gpia = 43Uz khiN =5 [6]
thi phuon gtrinh (4) hop 1y. chap nhan duoc.
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Hinh 1: Matbang, cit doc mé hinh ddp tran PKWlogi A (N =4,3) va bé tiéu ndng sau tran.

3.2. Thi nghiém phwong an 1 lvu mo hinh hy duge thay d6i dé tao nudc
nhay ngap va udc luong chidu dii b tiduning

Phuongan 1 ¢6 md hinh long cimg, khong bé ) &
Lycho cacthinghiém ti€p theo.

tiéu nang, luu lugng riéngthdo qua tranla q
=70~31.8 (m3/s.m). Chiéu sdu dong chay ha  Cac ky hiéu duogc str dung nhu sau:
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ché d6 chay ty do;
v, -vantdc dong chay thuong luu ngudng tran;

Hy - cot nuéc toan phan thuong luu trén
ngudngtran ¢ ché do chay tu do;

hq - chiéu sau ddngchay ha luu;
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Hinh 2: Phwong trinh hoi quy q = f{H,) ciaddp
tran PKWloai A (N =4,3) va dap tran Creager
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Hinh 3: Phuwong trinh héi quy q = f(H, WP,,)
cua dap tran PKW logi A (N =4,3)

Hinh 4: Nuoc nhay sau dap tran PKW
logi A (N 4,3)

h, - chiéu sdu dngchay trudc nude nhay;

| CONG NGHE

H,- c6t nudc thuong luu trén ngrong tran &

Zp - cao trinh muc nudc ha luy;

Zy - cao trinh myc nudc thuongluy;
Zc - cao trinh ngudn gtran;

B —chidurong tuyén tran.

P, - chiducao dap tran phim piano;

P, - chiéucao dap khongtran dang bic;

P,, - chiéu cao dip tran phim piano tai diém
giao nhaucuaphim vao va phim ra;

L, - chi¢u dai nudc nhay;

L, - khoang cach tir chan dap khong tran dén
mit cdt trude nude nhay;

Két qua thi nghiém do cac ga tri L, L, duoc
cho trong bang 1:

Bing 1: Két qua thi nghiém & céc gia tri

L, L,

No H, q L, L, by

(m) | (m¥s.m) | (m) | @) | (m)
1209365A 1 1.96 | 18488 9.2 | 9.2 1] 63
1209385A | 241 | 23.164 110.8 | 453 | 7.0
1209405A | 299 | 28485 |11.75( 71.0 | 8.0
1609330A | 1.27 | 11.860 8.0 | 25.0 | 50
1609345A1 1.63 | 15232 88 1350 60

Dinghdi quy tuyén tinh ta ¢o thé xac dinh gia
triL, (bing 1) ctia mo hinh thi nghiém (R
=0,978) theo biéuthic sau:

w4 HEGRCTIY T 12 G)

3.3.Thi nghiém phuong an 2:

Thir nghiém vé6i phuong an bé tiéu ning cod
chiéu dai L, = 56 m (hinh 1), chiéu siu d =
2m. Trong bé tiéu ning bd tri mot hang mé
tiéu nang, chiéu cao mé 2 m nhu hinh 1. Can
cu vao trang thai dong chay trong thi nghiém,
md tiéu nang dugc chon bd tri phia sau vi tri
va cham cua dong tia tir ngudng tran voi ban
day bétiéunan g theo khoangcach L, =L; +Hy
= 14.7 m. Long dan ha luu a 16p cat cd Dy =
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0.22 mm (theo m6 hinh - Hinh 5). Trong 50 -
60 phut thi nghiém, v&i luu lugng riéng lon
nhét qg =295 m’/sm, cot nuée tran H, = 3,0
m, cOt nudc tran toan phén H, =3,09 m, hy =
5,0 m, hd x6i sau bé tiéu nang dt chiéu sau
khalén, hy= 15 m, day hd x6i cach ngudngra
bé tiéu niang 1a 70 m, van toc ddy dng chay
trong kénh ha lvu v, =0.8 m/s.
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Hinh 5: Puwong cong phdn bé ¢& hat 16p cat
phi long dan ha heu sau bé tiéu nang

3.4.Thi nghiém phwong 4n 3 (PA3):

Cin cr két qua do v, ciia dng chay trong
kénh haluué phuongan 2, chon 16p soi ga ¢d
long dan ha luu dhi 120 m, c6 dudng kinh
Dso = 7 mm (theo mé hinh — hinh 6). Bé tiéu
ning c6 chiéu siu d=2m véimd tiéuning co
kich thudc va vi tribd tri géng phuong 4n 2.
Quan sat thi nghiém voi day kénh ha luu c6
16p s6i gia c¢b cho thay thoi gian hd x6i sau bé
tiéu nang phat trién va 6n dinh trong thoi gian
45~50 phit thinghiém nén chon thoi gian tién
hanh thi nghiém xoi 1a ty; = 1 gio (tuong Gng
véinguyén hinh 13 ty = 7,06 gid). Cac s lidu
thi nghiém néutrong bang?2 va hinh 7.
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W Trong ureng tich Oy gicr ki trdn rdy .
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Hinh 6: Puong cong phdn bé ¢ hat 16p di mi
phit long dan ha heu sau bé tiéu ning
Bing 2: Cac s6 liéu thi nghiém PA3

| KHOA HOC | CONG NG HE
o (m) (m3/ S.m) a (m) (m)
190938 5A 2,44 24.47 4,0 2,35
2609405A 3,24 29,83 4,6 2,30

Hinh 7: Mt citdoc hé xéi doc
truc kénh dan PA3

Phan bd van tdc day tai truc kénh ha luu cach
ngudng ra bé tiéuniang 20 m , 40 m, 60 m lan
luot lavy, =5,1 m/s, 5,3 m/s va 5,1 m/s.

3.5.Thi nghiém phuong an 4 (PA4):

Thay dbi chiéu siu bé tiéu niang d =2,5 m,
chiéu cao mé tiéu nang 2.5 m. Cic kich thudc
khac cua bé tiéu nang, vi tri b tri md tiéu
nang, 16p bao vé 1ong dan ha luu va thoi gan
thi nghiém x6i khong thay doi. Cac s6 lidu thi
nghi¢ém néu trong bang 3 va hinh 8.

Béing 3: C ac s liéu thi nghiém PA4

hg

No H, K hy
m m’/sm m max
(m) | ( )| (m) (m)
0210385A 2,56 23,90 4,13 1,0
3009405A 3,40 31,83 4,25 14
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(Thi nghiém No 3009405 A)

s [

—m—Thilia 1008054 ~ & ThHio 021F1ESE

Hinh 8: Mt cat doc hé x6i doc truc
kénh din PA4

Phén bd van tdc day tai truc kénh ha luu cach
ngudngra b tiéu ning20 m ,40m, 60 m 1an
lwotla vi, =5,2m/s 5,9 m/svas5,1 mhk.

3.6. Thi nghiém phuong an 5 (PAS):

Thay ddi chi¢usaubétiéuning d=3m, chiéu
cao mé tiéuning 3,0 m. Cic kich thudc khéac
ctia bé tiéunang, vi tri bd tri md tiéu ning, 16p
bao vé Iong dan halwuva thoi gian thi nghiém
x6ikhén g thay doi. Céc sb liéu thi nghiém néu
trong bang4 vahinh 9.

Bing 4: Cac s6 liéu thi nghiém PAS

q hsmax
No m hy (m

H, (m) () 4(m) ()
0910385A | 2,80 25,90 4,25 0,00
0710405A | 3,44 30,70 4,75 0,35

Phan bd vén tde day tai truc kénh ha luu cach
ngudngra b tiéu ning20 m ,40m, 60 m 1an
luotla v, =4,9m/s 4,8 m/s va4,9 m4xs.

== Th o 07104054

Hinh 9: Mt citdoc hé xéidoc truc
kénh dan PAS

Ké qua do chiéu sdu hd x6i 16n nhat sau bé
tiéu nang tm g véi chidu siu bé tiéu ning (theo
nguyén hinh) lan luot 1a 2 m (d2), 2,5 m (d2.5)
va 3 m (d3) dugc trinh bay tronghinh 10.

[ . ]

WE 158 HE B[4 WS

1 B N W

= I

Hinh 10: Mt catdoc hé xéidoc truc kénh dan
theo 3 phuong an PAI, PA2, PA3

Theo hinh 10 cho thay chiéu dai 1én nhét cua
hé x6ikhoang (25~35) m tmg v6i phuong an
d3; Chiéu sau 1én nhét cua hd x6i, h, gizm
khi ting chiéu sdu bé tiéu nang. Vi chiéu
sdu bétiéuning d =3m, q=30,7 m’/sm, thi
long din ha luu x6i nhe, hy = 0,35 m. Phan
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tich két quacho thiy: do sauxéitingkhi luu
luong riéng va dd chénh muc nudc thugng
ha lru tang la phu hgp vdi quy luat thong
thuong. Theo cic nghién ctru dd o6, nhiéu
thong b khong thir nguyén di duoc cac tac
gia xem xét dua vao cong thuc tinh toédn
chiéu siu h6 x6i long dan sau bé tiéu ning
cua dap tran truyén théng [4, 8, 9, 10, 11,
12]. Tuy nhién, khé c6 thé ding cac cong
thic nay dé tinh toan du bao chiéu sdu hd
x6i sau bé tiéuning cua dap tran phim piano
loai A (N = 4,3) do tinh chat phuc tap cua
dong chdy ngay sau chén dap nhu da phéan
tich trong phan téng quan. Pi tim mot cong
thirc don gian, chira cdc thong s ¢o thé xac
dinh, 1a muyc ti€u cua nghién cuu nay. Theo
do6, qua trinh x6i phuc tap da dugc don gian
hod bang cich xem chiéu sau x6i h,, do tir
day kénh ha luu d&n day hé x6i, duge xem la
ham sb cta chénh 1&ch muc nude thuong ha
lvu AH,« =H, + P, +P, - d- hy, chiéu sau
muc nudc thuong luu so voi day kénh ha luu
Hx, d0 sdu muc nudc ha luu hq (m), dudong
kinh trung binh vién da Dsy (m). Qué tr1nh
x6i cling duwgc biéu thi theo cic thong O
khéng tht nguyén nhu chidu sdu bé tiéu
ning dhy va duong kinh vién da ga b
Dyo/hy [4] hay Dso/hy. Trong pham vi thi
nghiém hién tai kich thudc vién da khong
thay d6i (véi Dsy = 0,35 m hodc Dy = 0,5
m), nén anh huong cua Dg/hy khong céan
xem xé. Vi véy, trong cac di¢u kién cua thi
nghiém nay gm co: duongkinh 16p & gia
¢b long din (Ds, = 0,35 m), q =(23,89 -
31,83) m’/s.m, AHox <(19,8 - 20,1) m, Ho+ =
He +v,.2g=(23,95-22,05 m, d=(2,0 -
3,0) m, hy = (4,00 - 4,75) m thi chiéu siu hd
x6i hy ¢o thé x4c dinh bang tuwong quan hdi
quy theo phuong trinh (6) dudi dy:

ity il
= () 2508(d) o
Theo két qua kiém dinh hoi quy tuyén tinh

boi: hé sé xac dinh R’ =0.983, gia tri phéan
phdi Fisher co mic xac sudt y nghia la p =

KHOA HOC
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0,004 (< 0,05), gia tri phin phéi Student
cia 2 théng sb AH,./H,« va d/hy o6 xac
sudt lan luot 1a 0,002 va 0,004 (<0,05) nén
(6) cotinh thich hop vacac hé sb ciané co
y nghia.

4.KET LUAN VA KIEN NG HI

e Khi gia tri Hy thay doi trong pham vi tur
(0,8 - 3,4 m, luu lugng riéng thao qua dép
tran phim Piano loai A (gpka), N =4,3 dugc
xé4c dinh theo biéuthic (3):

Gpra =9.0492H, + 1.066

e Dbivéi cing gia tri Hy, lwu lugng tran cua
dap tran phim Piano loai A (gpga) cao hon luu
lwong thao qua dap tran Crea@r (qcreager) tU
2,2 dén 3,5 lan.

o KhiH, <2m ty1¢ qpga/q creagrthay di tir 3
dén4. Khi H, >2m g tri gpra/q creager™2-

e Két qua nghién ctru cho thay vdi luuluong
riéng théo 1 q = (28,8 - 31,8) m”/s.m thi bé
tiéu nang co cac kich thudc phuhgp nhu sau:
chiéu sdu bé tiéu nang d= 3,0 m, chiéu dai bé
Lo =56 m (L, ~3,8 L;),6 md tiéuning bd tri
tai vitri cach chan dp tran L, xac dinh theo
cong  thac thyc nghiém (3) la:
'.\-i,:‘ﬂ}- 1B RLTN 1 0%, ha luuco 16p gia
cd da D5y = (0,3 ~ 0,4) m di (25-35) m trén
san sau la thich hop.

e Véi ddp tran PKA (N=4.3), v6iluu lugng
tran q = (23,89 ~31,83) m?/s/m, AH, = (19,8
~20,1) m, bé tiéu nang c6 md véichidu cao
mé bang chiéu sdu bé d = 2,0 - 3,0) m,
chiéu sdu nudc ha luu hy = (4,00 - 4,75) m,
16p da gia c¢b long din (Dsy = 0,35 m) thi
chiéu sdu hé x6i hy c6 thé xac dinh theo
phuong trinh (6)

e Tiép tuc nghién ctru cac hinh thic tiéu
ning va gia c¢6 long dan cho cac dap tran
phim piano loai A c6 AH,« thay dbi trong
khoang (35 - 40) m,nham duara cac khuyén
nghi cho viéc lya chon giai phép cong trinh
tiéunanghop ly.
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