KET QUA NGHIEN CUU CHON GOC HAT MUI PHUN HAI TANG AP DUNG
CHO TRAN XA LU PAT GIUA LONG SONG BANG THUC NGHIEM

Nguyén Ngoc Thfmgl, Tran Vii’

Tém tat: Thiét ké tran xa li dat gitta long séng véi hinh thirc ndi tiép cudi than tran la mii phun
phu thuoc nhiéu yéu 16: Luru lwong thdo, van téc va do séu dong chay, dia hinh, dia chdt ha luu
cong trinh...Két cau miii phun dwoe lira chon sao cho ddp vmg dwoc yéu cau vé kinh té ky thudt. Vé
thity lwc phdi dam bdo cho dong phun xa I6n nhung phdi phit hop véi vt liéu, dp sudt viing miii
phun phdi nhé hon gid tri dp sudt am cho phép dé khéng sinh ra hién twong khi thwc trén bé mdt
miii phun va chiéu sau hé xoi phdi nhé. Hién nay chwa c6 cong thire tinh todn dé lya chon miii phun
hai tang, thirong thi phai théng qua thi nghiém mé hinh dé xdc dinh hinh dang két cdu miii phun
hop 1y. Bai viét néu két qua xdc dinh cdc théng sé thiy lec dé chon két cau miii phun hai tang (hay

so le) dp dung cho tran xa lii dat giita long séng bang thuwc nghiém.

Tir khéa: Mili phun hai ting.

I. MO DAU

Thong thuong, cic tran xa 1i duoc thiét ké
v6i mili phun lién tuc. M6t sd tran xa 1 4p dung
md phun hinh chit nhat ¢ cudi déc nudc nhu: Ké
Gd, Nui Coc, Dau Tiéng..., dang két cau nay da
tao dugc ché do thuy luc tét hon so v&i miii
phun lién tuc. Tuy nhién, do mai bén thang va
goc hat chua hop 1y nén md phun hinh chit nhat
c6 ap suat 4m 16n va xudt hién xam thyc lam hu
hong két cAu md phun; nhu tran xa lii Nai Coc
da phai stra chita nhiéu lan, nhung van bi xdm
thuc 1am tro ca ¢t thép (anh 1).

Anh 1. Mé phun tran xd lii Nui Coc - Thdi Nguyén

! Truong Dai hoc Thuy loi
2. Vién Nang luong

Do d6, mdt s cong trinh nghién ciru [3,4,5]
dd dua ra dang md phun hinh thang. Theo cac
cong trinh nghién ctru [3,4,5], cling nhu qua thi
nghiém mo hinh thuy luc tran xa 1i mot sé cong
trinh thay lgi, thuy dién nhu Song Bung 4,
Kréng Bach Thuong. .., cho thiy md phun dang
hinh thang c6 hiéu qua tiéu ning twong doi tot.
Theo két qua nghién ctru cua Trudng Dai hoc
Thién Tan [4] thi dang md phun hinh thang so
v6i mb phun dang chit nhat co do sau x6i giam
di khoang 20+30%, do hiéu qua khuyéch tan
cia md phun dang hinh thang so véi md chir
nhat c6 hiéu qua rd rét. Theo két qua thi nghiém
Chastang ctia Phap, dung mé hinh thang véi luu
luong thich hop, chum dong phun bay xa hinh
thanh dang moéng ngua; di€n tich dong phun
khuyéch tan 16n, mot mat cé thé giam nho ning
luong tac dung trén don vi dién tich ¢ ha luu,
mit khic dong phun ting thém dién tich tiép
xac voi khong khi cang thuan loi cho ludng
phun cta nudc tron bot khi dé tan. Khi dong
chay qua md phun khong sinh ap suit am (néu
c6 thi cling nho); trén day 1a mot sé wu diém cia
md phun hinh thang.

Hinh thtrc va kich thudc mili phun hai tang
c6 mb phun hinh thang thuong duoc xac dinh
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qua thi nghiém moé hinh; chua duoc dé& cap
nhidu. Cic mat anh huong dén dong chay
khuyéch tan tiéu ning ciia md hinh thang chu
yéu la cac dai lugng hinh hoc:

8. Chiéu cao tuong ddi ctia md hi; ho - d6

0

sau dong chdy tai mit cét co hep tng voi Ork —
mat cit di qua diém thip nhit ctia mili phun; d -
chiéu cao mb phun.

9. Gobc hat cta ranh va mé: goc hit cua ranh
6,, goc hat ciamb 6, .

10. Hé s6 mai sau cia mb phun hinh thang m,.

11. Hé s6 mai bén ciia md: m.

12. Goc khuyéch tan ngang o .

13. Chiéu rong twong dbi cia md hﬂ .
0

14. Ty sO chi€u rong cua ranh v6i moé —;a -

a
b
chiéu rong cua ranh; b - chiéu rong ctia mo.

Céc dai luong (1+3) 14 ba yéu t6 anh huong
dén dong chay khuyéch tan theo chiéu dimg, cac
dai luong (4+7) anh huong dén khuyéch tan
ngang cta dong chay. Dudi day néu két qua
nghién ctru thuc nghiém xac dinh cac thong sb
thuy luc dé lwa chon cac thong s6 theo chiéu
dung ctia mili phun hai tang cho tran dit giita
long song.

Mo ta cac thong sd thity luc néu & hinh 1,2,3
va 4.

II. KET QUA NGHIEN CUU THi NGHIEM
MO HINH THUY LUC

I1.1. M6 hinh hoéa

Pé xac dinh cac thong sé thuy luc, di xay
dung md hinh tong thé chinh thai ty 18 1/80, long
ctg. Pé xac dinh cac thong sb x0i, da dung vat
liéu roi bang da c6 dudng kinh d = 1-2 cm.

Trén md hinh thi nghiém véi 3 cip luu lugng
néu & bang 1.

Bang 1. Céc cap luu lwgng thi nghi¢m

\

Tim tuyén dap
1 o P

2 45

|~

A
5

Baml/‘l/‘ =
b |

L al b |al] a | b | a]

Hinh 1. So hoa cdt doc va bé tri mé mat bcing
miii phun

TT | P(%) Onguyénhinh g (/s.m) | Omoninh (IS) | Zhatwu (M) Ghi chti
(m’/s)
1 10% 3.200 53,33 55,90 324,46
2 1% 5.800 96,67 101,32 329,67 | Cép thiét ké
3 0.5% 7.400 123,33 129,27 332,87
Ghi chu:

- Kich thudc va cao d6 ghi la (m)

(1) - Than tran;

(2) - mb phun;

d - chiéu cao mé phun;

0 - goc hat khe rinh (miii phun lién tuc)
6 - goc hat md phun;

R; - ban kinh miii phun lién tuc;

R - ban kinh miii phun khong lién tuc;
my - hé sb mai sau md phun

a - gbc khuyéch tan ngang ctia mé phun;
B - bé rong dau md phun;

a - khoang cach khe ranh,

b-bé rong dinh md phun;
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L |
Hinh 2. Cdc théng s6 luéng phun
Ghi chu:
L; - chiéu dai tor miii phun té61 mép trong
ludng phun.
L, - chiéu dai tr miii phun té1 mép ngoai
luéng phun.

s

Hinh 3. Cdc théng so vé xoi

Ghi chu:

T - chiéu sau x6i (m)

Lx; - chiéu dai tir miii phun t6i mép trude hd x6i

Lx; - chiéu dai tir miii phun téi diém xoi sdu nhat

Lx; - chiéu dai tir mili phun t&i mép sau hd xo6i

I1.2. Két qua nghién ciru thwe nghiém mé
hinh

IL.2.1. Nghién citu lwa chon chiéu cao
twong déi ciia mé phun (hinh 1)

I1.2.1.1. Chon so d6 nghién ciru

Theo cic tac gia [4] dd khuyén nghi:

O,SSiSI,O;
h

trong do:

d: chiéu cao cia md phun (tinh tir mat tran
dén dinh md phun).

h, : chiéu cao cOt nude tai mit cét co hep ung
v6i luu luwong 1i thiét ké (mat cat di qua diém
thip nhit cia mili phun), 4, = 5m.

Pé khao sat chidu cao tuwong dbi ciia md
phun, d3 nghién ctru v6i 3 chiéu cao mb d = 2,5m;

d =0,5;0,7;1,0)

3,5m; 5,0m (ty sb h_

- Goc hit cta ranh 6; = 25° (Goc hit ctia ranh
1a goc mii phun lién tuc chon 6; = 25°, vi hau
hét cac tran dat gitta long soéng, nhu: Song
Tranh 2, Sé San 4, Song Bung 4, Ban V&... déu
thiét ké voi 0; = 25°)

- Goc hit ctia md 6, =30° (60; - 6, =5°).

- Chiéu rong cudi mo: By = 10,0m.

- Ban kinh cong cua khe ranh R;=25,0m; ban
kinh cong ctia md phun R,=21,0m.

- Hé sb mai bén caa mb m = 0,5.

- Hé sb mai sau cua méb m, = 1,0.

I1.2.1.2. Két qua nghién ciru lea chon chiéu
cao twong doi ciia mé phun

Dé lwa chon chiéu cao tuong ddi cia md phun,
da thi nghiém 3 cép Iuu lwong O = 3.200; 5.800 va
7.400m’/s (twong tmg cac ty luu luong ¢ = 53,33;
96,67; 123,33 m’/s.m) v6i 3 ty s6 hi trén.

0

Pé so sanh lua chon chiéu cao tuong ddi cua
md phun dd xem xét cac yéu td: ché do thuy luc,
chiéu dai phun xa, chiéu sau xoi...

a. Ché dj thiiy luc

Qua thi nghiém mé hinh thay rang:

- Khi ty sb hi =0,5(md phun dang 1) thi
chum dong phun khuéch tian ngang kém do
dong chay phan bd & khe ranh va trén md phun
khong déu; lugng nudc trong khe ranh it.

hi=0.7(m6 phun dang 2) thi

o

- Khi ty sb

dong chay phan bd & khe rinh va trén dinh md
kha déu nhau, khuyéch tan tét, ludng phun trudc
khi d6 xuéng 16p nuéc dém ha luu da céd su va
dap nhau manh li¢t lam ti€u hao ndng luong
dang ké.

4

- Khi ty sb p =1.0(md phun dang 3) thi

dong chay tap trung nhiéu hon & khe ranh, luu
luong trén dinh md phun giam, do d6 ma ludi
nuéc cua dong phun thu ngin lai.

b. Vén téc dong chay & dinh mé phun va
dinh miii phun

Két qua do van tdc cho 3 dang mb phun néu
o bang 2.
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Bang 2. Van toc dinh mé va miii phun

Dinh md phun Dinh miii phun
Dang m6 Mt cét Piém do 174 115
phun v oy 4 oy

(m/s) (m/s) (m/s) (m/s)

g = 53,33 (m’/s,m)
Dang | M& phun Day 23,13 0,33 21,87 0,25
- Miii phun Pay 22,28 0,50 24,41 0,45
Dang 2 M& phun Day 20,50 0,63 21,95 0,69
- Miii phun Pay 21,27 0,57 21,92 0,60
Dang 3 M& phun Day 19,57 0,46 23,74 1,55
- Miii phun Pay 22,15 1,23 24,28 0,65

g =96,67 (m’/s,m)
Dang | M6 phun Day 21,25 0,77 24,34 0,66
- Miii phun Pay 24,84 0,68 25,55 0,69
Dang 2 M& phun Pay 23,28 0,25 25,06 0,45
- Miii phun Pay 23,26 0,57 24,36 0,53
Dang 3 M& phun Day 21,80 0,92 24,65 0,96
- Miii phun Pay 23,90 0,96 24,10 0,93

g = 123,33 (m’/s,m)
Dang | M& phun Day 24,49 0,94 23,13 0,96
- Miii phun Pay 25,92 0,93 26,68 0,95
Dang 2 M& phun Day 22,23 0,81 22,76 0,82
- Miii phun Pay 24,63 0,93 24,12 0,92
Dang 3 M& phun Pay 17,69 1,90 23,60 1,22
- Miii phun Pay 20,89 0,62 22,06 0,98

c. Chiéu dai phun xa va xoi sdau

Két qua thi nghiém chiu dai phun xa va x61 n€u & bang 3 va 4.

Bing 3. Chiéu dai phun xa (m)

T | Thong g = 56,33 (m’/s.m) g =96,67 (m’/s.m) g = 123,33 (m’/s.m)
SO Dang 1 | Dang?2 | Dang3 | Dang1 | Dang?2 | Dang3 | Dang 1 | Dang?2 | Dang 3
1 | L;(m) 86,20 88,00 86,80 90,40 92,80 91,60 89,20 92,00 90,60
2 | L,(m) 94,60 95,20 95,00 96,20 98,40 97,20 97,20 | 100,00 98,80

Bing 4. Cac thong sb x6i

- ThQng g = 56,33 (m’/s.m) g =96,67 (m’/s.m) g = 123,33 (m’/s.m)
SO Dang 1 | Dang?2 | Dang3 | Dang 1 | Dang?2 | Dang3 | Dang 1 | Dang2 | Dang 3
T (m) 17,47 15,25 16,97 29,48 28,81 29,17 39,19 36,58 38,41
Lx;(m) 82,40 84,80 83,60 85,00 88,00 86,60 90,60 92,80 91,40
3 | Lx;(m) [ 156,00 [ 154,40 | 158,40 | 238,40 | 232,00 | 240,00 [ 278,00 | 276,00 | 284,40
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I1.2.1.3 Két qua lwa chon chiéu cao twong

doi ciia mé phun a
Cian ctr cac danh gia vé tinh hinh thuy luc,
chiéu dai phun xa va cac thong s vé x6i cua 3
dang md phun tng voi 3 cép luu luong xa (g =
56,33; 96,67; 123,33 m’/s.m) ta nhan thiy rang
d

md phun véi ty s6 = 0,7, 1a t6i vu hon so voi
0
md phun dang co ty sb hi:l,o va md phun
(o
dang c6 ty sd hi:())s. Do d6 chon ty 1& chiéu

0

hizog dé khao

0
ctru céc thong s6 khac cua mo phun.

cao tuong doi cia mod phun

I1.2.2. Nghién civu liva chon géc hit ciia mé
phun (6;)

I1.2.2.1. Chon so d6 nghién ciru

Tir két qua nghién ctru lya chon chiéu cao
twong ddi cia mb phun. Theo cac tac gia [1],
cac két qua nghién ciru vé mili phun khong lién
tuc cua Vién khoa hoc Thuy lgi Nam Kinh,
Trung Quéc [4], Vién Khoa hoc Thuy loi Viét
Nam [3] va mdt sd nghién ctru thi nghiém mo
hinh thuy luc céc cong trinh thuy loi, thuy dién
déu khuyén nghi lay hiéu s6 (6>-6;) = 5°+10°.
Pé tim goc hat ciia mb phun (0,) dé tai lya chon
ba so d6 mb phun dé nghién ciru.

a. Théng s6 chinh ciia mé phun dang 4 nhu sau:

+ Chiéu cao mb phun d = 3,5m (ty sb hi =0,7)

+ Goéc hat caa ranh 0; = 25° goc hat ctia md
92 = 300 (92 - 91 = 50; A92 = 50)

+ Chiéu rong cudi mé: B, = 10,0m.

+ Ban kinh cong cua khe ranh R; = 25,0m;
ban kinh cong ctia md phun R,=21,0m.

+ Hé s6 mai bén cia md m = 0,5.

+ Hé s6 mai sau ctia md my = 1,0.

b. Théng s6 chinh ciia mé phun dang 5 nhu sau:

+ Chiéu cao md phun d = 3,5m (ty sb hi =0,7)

+ Goéc hat caa ranh 0; = 25° goc hat ctia md
6,=33°(6,- 6,=8° A0, =8°)

+ Chiéu rong cudi mé: B, = 10,0m.

+ Ban kinh cong cua khe ranh R;=25,0m; ban
kinh cong ctia md phun R, = 20,0m.

+ Hé sb mai bén ctia mb m = 0,5.

+ Hé s6 mai sau ctia md my = 1,0.

c. Théng sé chinh ciia mé phun dang 6 nhi sau:

+ Chiéu cao md phun d =3,5m (ty s6 hi =0,7)

+ Goéc hat caa ranh 0; = 25° goc hat ctia md
6,=35°(6,- 6,=10% A0, =10°)

+ Chiéu rong cudi mé: B, = 10,0m.

+ Ban kinh cong cua khe ranh R;=25,0m; ban
kinh cong ctia md phun R, = 19,0m.

+ Hé s6 mai bén cia md m = 0,5.

+ Hé s6 mai sau ctia md my = 1,0.

11.2.2.2. Nghién ciru xdc dinh gbc hdt mo phun

a. Xdc dinh chiéu dai phun xa va cdc thong
$6 X6i

Trén moé hinh xac dinh chiéu dai phun xa,
chiéu sau x6i dé chon hoc hat mé phun hop 1y.
Két qua xac dinh chiéu dai phun xa va céc thong
s6 x0i néu ¢ bang 5 va 6.

Bing 5. Chiéu dai phun xa (m)

Théng g = 56,33 (m’/s.m) g =96,67 (m’/s.m) g = 123,33 (m’/s.m)
" 50 Dang 4 | Dang 5 | Dang 6 | Dang4 | Dang 5 | Dang 6 | Dang 4 Dang 5 | Dang 6
1 | L;(m) | 88,00 | 84,60 77,60 92,80 86,50 80,80 92,00 90,70 87,20
2 | Ly(m) | 95,20 | 98.00 99,20 98,40 | 101,00 | 104,80 | 100,00 107,40 | 112,80

+ Két qua thi nghiém x6i (xem bang 6)
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Bing 6. Cac thong sb x6i (m)

o1 | Thong g = 56,33 (m’/s.m) g = 96,67 (m’/s.m) g = 123,33 (m’/s.m)
SO Dang4 | Dang5 | Dang6 | Dang4 | Dang5 | Dang 6 | Dang4 | Dang 5 | Dang 6
1 T (m) 15,25 16,30 17,55 28,81 30,70 31,65 36,58 37,19 38,77
2 | Lx;(m) | 84,80 82,50 80,00 88,00 87,10 86,60 92,80 91,75 91,00
3 | Lx;(m) | 154,40 | 158,70 | 160,00 | 232,00 | 239,30 | 245,80 | 276,00 | 281,20 | 284,60

b. Xdc dinh dp xudt trén dinh mé phun (xem
hinh 1)

Trén mo hinh do 4p suat & dinh md phun cho
3 goc hat md phun 6, = 30%; 33° va 35°. Két qua
cho thiy; ap sudt 4m sudt 4m xudt hién ¢ dinh
md phun (mit cit 4-4), nhu sau:

- Véi goc 0, = 30° trén dinh mb phun tri s6
ap suat am khong dang ké.

- Véi goc 0, = 33° trén dinh mb phun tri s6
ap suat am khoang 0,7 mét cot nudce (0,7m H,0)

- Véi goc 0, = 35° trén dinh md phun tri

s6 ap suit am khoang 1,3 mét cot nudc
(1,3m H,0).

Diéu nay ciing pht hop véi két qua nghién
ctru [3]: v6i md phun khong lién tuc cta tran co
déc nude, khi goc 0, > 30° xudt hién ap suit am
trén dinh mb phun.

c. Xdc dinh vin toc dong chay trén dinh mé
phun va dinh miii phun

Nhu di néu trén sy khac biét rd rét nhat vé
cac thong sb thuy luc 1a dang 4 va 6 nén ching
t61 néu van tdc cho 2 dang nay.

Bing 7. Van téc dinh md va miii phun

2 Dinh md phun Dinh miii phun
£ . L DPiém
Dang m6 phun Mat cat do
v oy v Oy

(m/s) | (m/s) | (m/s) | (m/s)

g = 53,33 (m’/s,m)
Dang 4 Mb phun Day 20,5 0,63 21,95 0,69
- Miii phun Day 21,27 0,57 21,92 0,64
Dang 6 Mb phun Day 22,43 0,52 20,92 0,99
- Miii phun Day 21,85 0,93 22,54 0,96

g =96,67 (m’/s,m)
Dang 4 Mb phun Day 2328 0,55 23,06 0,45
- Miii phun Day 23,26 0,57 24,36 0,53
Dang 6 Mb phun Day 23,89 0,97 2381 0,84
- Miii phun Day 25,42 0,59 25,37 0,56

g = 123,33 (m’/s,m)
Dang 4 Mb phun Day 22,23 0,81 22,76 0,82
- Miii phun Day 22,63 0,93 22,82 0,95
Dang 6 Mb phun Day 23,24 0,88 23,82 0,96
- Miii phun Day 25,44 1,03 25,70 1,09

I1.2.2.3. Két qua xdc dinh géc hit (0y) ciia
mo phun

Theo cic danh gia vé tinh hinh thuy luc,
dong phun xa va hé x6i hinh thanh cta vat liéu
101 ta nhdn thay:

+ Khi hiéu sb (0, - 0;) = 10° dang 6 thi: sy
khuyéch tan dong chay trong khe rdnh xay ra
mianh liét, van téc va mach dong van tde trong

khe ranh tang 1én. Puong mat nudc trén mat
tran tai cdc mat cat cudi tran khong duoc déu
theo mit cit ngang. Muc nudc trong hd xoi
giam 1am cho chiéu sau x6i tang. Trén dinh md
phun xuat hién 4p suat am.

+ Khi hiéu s6 (0, - 0,) = 8° dang 5 tuong tu
nhu trén: su khuyéch tan dong chay trong khe
ranh xdy ra manh li¢t, van tdc va mach dong van
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toc trong khe rinh ciing ting 1én. Pudng mit
nudc trén mat tran cling tai cac mat cat cudi tran
khong dugc déu theo mit cit ngang. Muc nudc
trong hd x06i giam ciing lam cho chiéu sau x6i
tang. Trén dinh md phun xut hién ap suit am.

+ Khi hiéu s6 (6, - 0;) = 5° dang 4 thi: sy
khuyéch tan dong chay trong khe rinh giam di,
phan bd lugng nuéc trén dinh mb phun va khe
ranh déu hon; gid tri van téc va mach dong van
téc trong khe ranh gidm nhe. Puong mit nude
trén tran tai cac mat cét cudi déu hon. Gia tri mép
ngoai ludng phun xa giam do goc 0, giam nhung
gia tri mép trong ludng phun xa tang Ién, do d6
hé x6i hinh thanh cach xa chan cong trinh hon.
Goc d6 cua ludng phun xa ciing giam, 16p nudc
dém trong hd x6i tang lam giam chiéu siu x0i.

1am co s& nghién ctru cac thong sb tiép theo.

III. KET LUAN

Miii phun hai tang (gém cé mili phun lién tyc
va cac md hinh thang) c¢6 nhiéu vu diém hon
miii phun lién tyc, vi dién tich dong d6 xudng ha
lwu tran 16n, nén van toc ¢ ha luu giam, do do
x01 16 ¢ ha Iuu cling gidam; mat khac do hiéu qua
tiéu nang tang khoang 5-8% nén song ¢ ha luu
cling giam, can dugc nghién ctru ap dung vao
thyc té. Chiing t6i néu mot phan két qua nghién
ctru mili phun hai ting dung cho tran xa i dat
giita 10ng séng: Chon chiéu cao twong d6i cua

md phun, goc hit cia md phun (hi =0,7,0, =

0
30%); nhirng thong sb trén chu yéu vé thong sb

hinh hoc theo chiéu diing cia moé phun. Két qua
nghién ctru vé bo tri mat bang miii phun hai tang
s€ dugc néu ¢ cac so tap chi ti€p theo.

Tt cac nhan xét danh gia néu trén chung to1
dé nghi chon hiéu sb (0, - 0;) = 5°, goc hat mb
phun 6, = 30° (dang 4) 14 phuwong an chon dé
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Abstract:
THE DETERMINATION OF HYDRAULIC PARAMETERS IN EXPERIMENTAL
RESEARCH FOR DOUBLE LAYER FLIP BUCKET STRUCTURE APPLYING
IN SPILLWAY IN THE MIDDLE RIVER

Design of spillway locating in middle of river having flow connection between spill body and
energy dissipator in kind of flip bucket is depending on various factor such as discharge, velocity,
depth of downstream flow, topographic and geological condition at downstream of spillway.
Hence, design of flip bucket’s structure requires satisfying rational economic and technical
conditions. For hydraulics, it is required the longest ski flow with conforming to bed material at
downstream and pressure in flip has to be lowered critical negative pressure value of which
cavitation can not appear in surface of flip and depth of downstream scouring pool is minimum. Up
to present, the formula is not available for calculation while selecting sustainable double flip bucket
structure but having to conduct in hydraulic model research. The paper is to present hydraulic
model tests for determination of hydraulic parameters in order to choose structure of double layer
(slotted) flip bucket applying in spillway locating in middle of river.

Key words: Double layer flip bucket.
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