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Tom tit: Bai bio gidi thiéu két qua nghién ciru thwe nghiém tén mé hinh vét Iy nham xdic dinh
ciing nhw so sanh kha nang thdao nuoc cia cac logi ddp tran phim piano logi A, logi D va loai
Labyrinth chit nhdt

Thi nghiém dupc tién hanh cho dic dap tran co chiéu cao tran P =4 m, cét nude thuong luu
trén nguong tran toan phan Ho = (1,2-4,5) m, cho thdy khd néng thio nwéc cia cdc logi dip
tran phim piano logi A, D va labyrinth chit nhdt déu cao hon ddp tran Creager tir 1,2 dén 2,6
lan. O trang thdi chdy ngdp kha nang thao cua dap tran labyrinth chit nhdt giam manh, nhung
kha nang thao chi giam nhe (d0%) doi voi cic loai ddap tran phim piano logi A va logi D.

Két qua thi nghiém sé cung cdp cic thong o ky thudt vé kha nang thdo & trang thdi chdy tw do
va chay ngdp cua cdc logi ddp tran phim piano loai A, D va Labyrinth chir nhdt. Piéu nay sého
tro cho chon logi ddp tran thich hop, co kich thudc tuong tw véi mo hinh thi nghiém, phuc vu
cong tac thiét ké va thi cong xdy dung cdc dir an.

Summary: Experim ental study on physical modeling to determine and compare the discharge
capacity ofthe P.K weirs types A & D and the rectangular labyrinth.

The experiments was conducted with the height of weirs P =4 m, total upstream head over crest
in free flow Ho = (1,2-4,5) m, show that the discharge capacity of the P.Kweirs tipe A & D,
rectangular labyrinth are greater than the discharge capacity of Creager weir fiom 1,2 to 2,6
times. In the submerged flow the discharge capacity of rectangular labyrinth weir significantly
reduce, butit has decreased slightly (10%) for the piano key weir type A, D.

The experimental results will provide the hydraulic characteristics of the P.K. weirs Tpes 4, D
and the rectangular labyrinth weir, in the free flow and subm erged flow. These will contribute to

select the appropriate type of weir, with the same dim ensions to the model, for the design and
construction projects.

I. TONG QUAN chit nhat (géc m& bing 0°).

Hau hét nhimg dap tu tran long song hién nay
thuoc hé théng cong trinh ddu mdi thiy loi,
thuy dién, thuong c6 dang dap tran thuc dung
Creager hodc dang Creager-Ophixorov. Trong
diéu kién khong thé mo rong tuyén tran, dé
tang kha ning thao 1ii nguoi ta o thé sir dung
dap tran phim piano hodc dap tran Labyrinth

D3p tran phim piano (PKW) kiéu A [1,2,3] ¢o
ngrdng tran dang congxén db6i xtmg c¢6 luu
lwong riéng thao 1a gip 2.5 - 4,0 lan so véi
dap tran Creager hodc gip 1,10 - 1,25 so véi
dap tran Labyrinth. Mot wu diém khac cia
PKW loai A (so voi dap tran PKW loai D hay
dap tran labyrinth) 13 o6 thé dwoc xdy dung
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thuan loi trén dinh d&p trong luc & co, voi
cing chiéu rong tran nhung lai c6 kha ning
thdo cic con lii I6n hon nhiéu lan do dién biét
bt thuong ciia thoi tiét hodc do bién ddi khi
hau gy ra.

Tuy nhién, do dac diém céu tao, dap tran
PKW loai A thuong di hoi nhan lyc thi cong
c6 kinh nghiém, tén nhiéu két cAu gian gido,
van khudn va ¢t thép cho phan congxon cia
tuong tran. Trong truong hop tai cac da
phuong gip khé khin vé kha nang thi cong cic
két cau co hinh dang phtc tap, thi c6 thé xem
xét su dung phuong an tran PKW— loai D [4,
5] voi ngudng tran khong c6 két cAu congxon
hodc tran Labyrinth chit nhat. PKW loai D du
c6 giam hiéu qua vé kha nang thiao nhung lai
c6 uu thé vé thi cong d& va nhanh so voi PKW
loai A, thudn tién ung dung lam loai dap tran
nguong thp chin ngang song, dit trén kénh
tiéu nudc, [4, 5] véi két ciu don gian cia
tuong ngudng tran.

DPé ¢6 co & s sanh vé kha nang thdo nudc,
bai bdo nay 1a phan tiép tuc cic nghién ciru
trén mo6 hinh vat ly dirgc tién hanh tai Phong
thi nghiém thuy luc cong trinh — Pai hoc Bach
khoa TP.HCM cho 3 loai dap tran: PKW loai
A va D, dap tran Labyrinth chit nhat, voi chiéu
rong tran cta cac phim khong doi.

II. MO HINH THi NGHIEM

Thié& b thi nghiém chinh gdm: may bom
nuéc, mo hinh ba loai dap tran phim Piano va
Labyrinth chit nhat bing kinh hiru co, chiéu
day Ts = 10 mm, dat trong méang thi nghiém
dai 12,9 m va rong B= 30 cm. Nudc duge cip
boi méay bom, qua lusi gam song dit ¢ diu
mang s¢ dugc thdo qua mo hinh dap tran. Tai
cudi mang thi nghiém nuéc s& dugc chuyén
xuéng mot kénh thao ha luu d&i 16 m, rong 75
cm. O cudi kénh thao ha luw co lip dit dap
tran thanh mong do luu luong.

Cao trinh muc nude thuong luu trong mang thi
nghiém va kénh tho ha luu drgc do bang kim

do muc nudc b:;ing nat diéu chinh, cao do cua
mii kim dugc xac dinh nho du xich, d6 chinh
x4ac cta kim do 1a 0,05 mm.

M6 hinh thi nghi€ém dap tran PKW loai A, loai
D va Labyrinth ch@t nhat duoc trinh bay o
Hinh 1,23. Cin ctr vao cac diéu kién hién c6
cua mang thi nghiém, kich thudc kénh thao va
khi ning cung cip luu luong cia may bom,
chon mo hinh thi nghiém khong bién dang
theo tiéu chuin tuong tu trong luc, o ty 1€
hinh hoc A, = 40. Cic thong sb hinh hoc cua
mo hinh dap tran PKW loai A, loai D va
Labyrinth chit nhat dugc chon giéng nhau va
c0 kich thudc hinh hoc nhu sau:

Chiéu cao tran P (m) 4

Chiéu dai ngudng tran B (m) 12

Chiéu rong tran W (m) 11,2
Chiéu day tuong tran Ts(m) 0,4
Chiéu rong phan vao Wi(m) 2.4
Chiéu rong phinra Wo (m) 2,4
N=tong chiéu dai tran SBW 5,28

O phia thuong lwu, trong trang théi chay tu do
qua dap tran goi Ho - chidu cao cot nudc trén
ngrong trin toan phin va ho - chiéu cao cot
nudc trén ngudng tran.

Moé hinh duoc thi nghiém véi cic thong sd
chitu cao cO6t nudc trén ngudng tran
ho = (2,0~16,5) cm (twong Ung voi gia tri
ngayén hinh 1a (0,8~6,6) m) va luu lugng
riéng q = Q/W = (3,4-18,1) lIs.m tuong Gng
véi gid tringuyén hinh 13 (4,9~45,9) m”/s.m ).
1L KET Q UATHI NGHIEM MO HINH

3.1. Trang thai chay tw do

Ké qua thi nghiém xac dinh luu luong thao q
= Q/W (m*/sm) theo cdt nudc trén ngudng
tran toan phan Ho (m) cho dp tran PKW loai
A, D va d&p tran labyrinth chir nhat so vdi luu
luong théao qua dp tran Creager diroc mo ta
trén hinh 4 (theo kich thudc nguyén hinh).
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Déi véi gia tri Ho thay ddi trong pham vi tir
1,2m &n 6,7 m do thi nay cho théy:

- Luu lugng riéng cua dagp tran PKW loai A
(N =5.23) voi Ho = (1,3-7,1) m dugc mo ta

bang phuong trinh hoi quy:

qA=6,224 Ho + 0,442 v6i R*=0.999
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nudc trén ngudng tran ho = (12-6,2) m bing
phuong trinh hoi quy:

qA=7,336 ho— 0,171 véi R2=0.998

(1)

e Luu lugng riéng cta dap tran PKW loai D

(N = 5,23) véi Ho = (0,80-6,75) m duoc mé ta

1)

bang phuong trinh hoi quy:

Hodc cing c6 thé bieu thi gA theo ga tri oot qD=6,057 Ho - 1,246 vdi R? = 0,997 2)
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Hinh 1: M6 hinh thi nghiém

dap tran PKW loai A

Hinh 2: M6 hinh thi nghiém

dap tran PKW loai D

Hinh 3: M6 hinh thi nghiém
dap tran Labyrinth chir nhat
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Hodc cing co thé biéu thi gD theo ga tri oot
nude trén ngudng tran ho = (0,8-6,2) m bing
phuong trinh hdi quy:

qD =6,578 ho — 1,082 v&i R*= 0,996

2"
e Luu lugng riéng cua dap tran Labyrinth chix
nhat véi Ho = (1,9-7,3) m dugc mo ta bing
phuong trinh hoi quy:

gl =5,998 Ho + 0,352 v61 R?= 0,996 3)

Hodc clng c6 thé biéu thi gL theo géa tri oft
nuéc trén ngudng tran ho = (1,75-6,6) m bang
phuong trinh hdi quy:

gL =6,621 ho +0,579 v61 R*= 0,996 (3)

e Theo ké qua thi nghiém ctia J. Paul Tullis
[6] kha nang thdo cta cic ddp tran Labyrinth
(goc md o= 6" dén 90%), duwgc md phong theo

céng thuc: Q=§CdL\/2_gHol'5. Hé sb Cd 1a

ham sb theo bién s6 Ho/P viét dudi dang da
thire bac 4 [6]. Dé co thé so sinh duoge voi cac
dap tran Labyrinth theo nghién ctu cta J. Paul
Tullis, bing phuong phép binh phuwong cuc
tiéu, gia tri Cd cua dap tran Labyrinth chir nhat
duge viét nhu sau:

Cy = -0,033(Ho/P)* + 0,069(Ho/P)* +
0,146(Ho/P)” — 0,480(Ho/P) + 0,490

voi R? =0,999 @)
Tir do thi hinh 5 cho thiy trong pham vi
nghién ctu Ho/P < 1 thi Cd ctua dap tran
Labyrinth chit nhat c6 gia tri xap xi voi gia tri
Cd cia tran Labyrinth [6] voi goc mé o= 6°.
e Dbi v6i cing gia tri Ho luu luong riéng
thay doi theo thir ty gD < gL < gA.

e Khi Ho = (1,3-4,5) m luu luong riéng thao
lii cia dip tran PKW loai A gip (2,64~1,35)
1an so v&i dp tran Creager.

e Khi Ho = (1,3-4,5) m luu luong riéng thao
lii cia dip tran PKW loai L gip (2,52~1,30)
1an so v&i dp tran Creager.

e Khi Ho = (1,3-4,5) m luu luong riéng thao
lii cia dip tran PKW loai D gip (2,04~1,24)

lan so véi dap tran Creager.

e D) thi gL nam gira 2 drong cong gA va
gD véi cac dic diém nhu sau

- o0 sr khac biét o vé gia tri luu luong riéng
thdo I gita dap tran PKW loai A va loai D.
V6i Ho tir (1,3-7,0) m ty 1& gA/qD thay ddi tir
1,30 &n 1,08.

- ty 1& gl/gD thay doi nhiéu tir 1,23 d&n 1,13
khi Ho <2 m. Khi Ho > 2 m sy khac biét
gl/gD khong 16n, dao ddng trong pham vi
1,02~1,05.

q- nr/s.m

Ho-m
WA @ Creazer gD #ql

Hinh 4: Quan hé giita luu luong riéng q va cot
nuGce trén ngudng tran toan phan H, cia dip
tran PKW loai A, D va Labyrinth chit nhdt

3.2. Trang thai chay ngip

Thi nghiém tim anh huong ché d& ngap lén

kha nang thao cta tran PKW loai A, D va tran

Labyrinth chir nhat dugc tiép tuc vdi viee ding

cao trinh muc nudc ha luu cao hon cao trinh

ngrong tran (Hinh 6) voi:

hw cft nudc trén ngudng tran phia thuong
T,

Vu- vén toc dongchay phia thuong luu dép tran,

H, - cdt nudc trén ngrong tran toan phan phia
thuong Iuy,

hd - c6t nudc trén ngudng tran phia ha hru,

V4 - van tdc dong chay phia thuong lru dap
tran,

Hd- cot nude trén ngudng tran toan phan phia
haluu

O trang thai nay thi nghiém duoc tién hanh véi
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cac cap luu luong riéng q co ga tri ting din dé
xem xé& anh hudng muc d§ ngdp cia Hd/Hu
D6 thi biéu dién qun hé luu luong riéng
gsub/gfree ¢ trang thai chay ngdp (qsub) so voi
luu luong riéng ¢ trang thai chay tu do (qfree)
theo bién thién do ngip Hd/Hu drgc thé hién
trong hinh 7, 8§ va 9.

Nhin chung két qua thi nghiém cho thay mirc
do giam kha nang thdo ctia dap tran PKW loai
A 1a dudi 10% (qsub/gfree > 90%) khi mtrc d6
ngap Hg/glu < 80%. Néu mirc d6 ngdp tang tir

[ KHOA HOC
(80-90)% thi gsub/gfree giam nhanh co thé
dén gid tri 20%. Tuy nhién, dbi voi dap tran
PKW loai D khi mic d ngip HdHu dat dén
90% thi gsb/gfiece mdi bit dau giam hon
10%. U'u diém nay cia dap tran PKW loai D
ciing thay rd khi tién hanh so sinh né véi dap
tran Labyrinth chit nhét (hinh 8). Theo do, khi
HdHu con & mic (70-90)% thi mirc do anh
huong ngip En luu luong riéng cta d&p tran
Labyrinth chit nhat 1a dang ké, luc nay gia tri
gsub/gfiee gidm xudng gin 30%.

a8 Labyrinth
chirnhat v
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0.6 ap=§
0
0.5 2 o=12
= v
o xo=15
0.4 .
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0.3 v
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0.2 ‘ T 0
Cy= -0,033(Ho/Py* + 0,069 0/Fp + 0,146(I0/P)? T el g ®a=35
-0,480(Ho/P) + 0,490 vi R* = 0,999
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Hinh 5: So sanh hé so C; cua ddp tan Labyrinth voi goc a = 0" - 9¢/
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Hd/Hun

* (=35.26m3/s.m 4 q=30.16m3/s.m

Hinh 6: Dgp tran phim piano chay ngdp

= =19.9m3/s.m
®(=Y%38m3/sm

sg=11.13m3/s.m

Hinh 70 Quan hé qsub/qfree voi Hd/Hu aia dap
tran phim piano logi Atrong ché do chay ngdp
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4 q=33.48mi/s.m
#q=15.53m3/s.m

¢ (=38.57m3/s.m
= =23.28m3/s.m

Hinh 8 Quan hé qsub/jgfree voi Hd/Hu cua dap
tran phim piano logi Dtrong ché d chiy ngdp

IV. KET LUAN

e Voi cac kich thudc cac loai dap tran, cac
thong sb thi nghiém dugc chon va mo ta trong
muc 2 bén trén, kha nang thdo cac loa d&p
tran phim piano, labyrinth ch@t nhat lén hon
dép tran Creager tu (2,0-2,6) lan. Trong ché do
chay ty do kha nang thao cta dap tran PKW
loai A 16n hon dap tran labyrinth chir nhat va
dap tran PKW loai D.

Luu lugng riéng cia dap tran PKW loai A
dugc xac dinh theo cong thirc thuc nghiém:
gA= 6,224 Ho + 0,442 voi R* = 0,999. Hodac
cling c¢6 thé biu thi gA theo gid tri cot nude
trén ngrong trin ho bing phuong trinh hdi
quy: gA = 7,336 ho— 0,171 véi R* = 0,998

Luu luong riéng cta dap tran PKW loai D
dugc xac dinh theo cong thirc thue nghiém: gD
= 6,057 Ho - 1,246 véi R =0,997. Hoéc cling
c6 thé biéu thi gD theo gid tri cdt nudc trén
ngudng tran ho bang phwong trinh hdi quy: gD
=6,578ho— 1,082 v6iR? = 0,996

* Luu lwong riéng cua dap tran Labyrinth chir
nhat dugc xac dinh theo cong thirc thuc
nghiém gL = 5,998 Ho + 0,352 véi R?
= 0,996. Hodc ciing c6 thé biéu thi gL theo gé

T4 A
= 0.70 ¥

1.00 N
0.90 . A
£ 0.80 i

Z.0.60
0.50
0.40

0.00102030405060708091.0

Hd/Hu

mq=21.95m3/s.m
*=12.23m3/s.m

4q=33.55m3/s.m
Hg=13.54m3/s.m

Hinh 9: Quan hé qsub/qfree voi Hd/Hu cua ddp
tran Labyrinth chit nhit trong ché di chay ngdp

tri cOt nudc trén ngudng tran ho bing phuong
trinh hoi quy gL = 6,621 Ho + 0,579 voi R =
0,996.

e Hé s Cd ciia dap tran Labyrinth chit nhat
dugc xac dinh theo cong thirc thuc nghiém:

Cs = -0033(HoP)* + 0069(Ho/P)’ +
0,146(Ho/P)* — 0,480(Ho/P) + 0,490 véi
R?=0,999

e KhiHo= (1,3 -4,5) m luu lugng riéng thao
11 ctia:

- dap tran PKW loai A gip (2,64~1,35) lan so
voi ddp tran Creager.

- dap tran Labyrinth gip (2,52~130) lan so
voi dap tran Creager.

- dap tran PKW loa D gip (2,04~1,24) lan so
voi dap tran Creager.

e Dbi véi dp tran PKW loai A khi HdHu
thay @i tir (60-80)% thi qsub/gfree vin con
16n hon 90% Biéu nay cho thdy anh huongcua
muc do ngdp lén khd ndng théo 1a khong
nhiéu.

e Dbi véi dp tran PKW loai D khi HdHu
thay @i tir (70-90)% thi qsub/gfree van con
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16n hon 90%. Anh huéng ctia mic do ngip kn
kha nang thdo cua dap tran PKW loai D 1a it
nhét trong 3 loai dap tran dira ra thi nghiém.

e Tuy nhién, ddi voi dap tran Labyrinth chit
nhat thi muc d0 ngdp c6 anh huong lén kha
nang thao. Vi Hd/Hu < 60% thi gsub/gfree
> 90%, khi Hd/Hu = (60-90)% thi kha nang
thao giam manh &n 50%, nghia 1a v6i cung
luu Iuong riéng cdt nude tran thuong luu cia
dap tran Labyrinth chit nhat £ cao hon so voi

TAI LIEU THAM KHAO
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hai loai ddp tran con lai.

Trong céc cong trinh c6 ¢t nude tran Ho nho
(Ho <4,5 m), gip kho khan trong thi cdngciu
kién o6 muc do phuc tap (nhu truong hop cua
PKW loai A) bi han ché, thi can xem xét kha
nang chon loai dap tran PKW loai D hodc
Labyrinth chit nhat. Cac loai &p tran nay du
c6 luu lugng riéng kém hon tran PKW loai A
nhung kha ning thdo vAn cao hon loai dp tran
dang Creager 1,2-2,5 lan.
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