TINH TOAN BO PHAN TIEP KHI PE PHONG KHI THUC TREN MAT TRAN VA DOC
NUGC CUA CONG TRINH THAO NUGC
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TOM TAT: Doi vdi cdc cong trinh thdo nudc ma dong chdy cé luu toc lon, viéc tinh todn va bo
tri cdc boé phdan dé phong khi thuc la rdt cdn thiét. Trong bai trinh bay co sé Iy thuyét va thuc
nghiém ciia viéc bo tri bo phan tiép khi (BPTK) dé phong khi thuc trén mdt tran, doc nudc; dua ra
quy trinh tinh todn thiét ké'cdc BPTK nay. Viéc tinh todn dp dung cho tran Cita Pat cho thdy cdc
két qud khd phi hop voi so' liéu thi nghiém mé hinh. Kién nghi cho dp dung rong rai phuong phdp
nay trong thiét ké cdc cong trinh thdo nudc.

1. bat van de.

Trong su nghiép phét trién thuy 1oi, thuy dién hién nay, chiing ta dang va s& xay dung cdc ho
chita 16n v6i dung tich hang ty mét khdi, dap cao hang tram mét va duong tran thdo 1a lam viéc véi
luu lugng x4 t6i hang nghin m*/s. Véi cdc cong tinh thdo 1ii ¢ cot nuéc cao, luu téc dong chdy
trong l1ong dan c6 thé dat t6i 25-30 m/s, hoic cao hon ( nhu & mit doc nuée ho thuy dién Son La,
V... = 35,16 m/s; mat doc nudc hé Clra Dat, V,, =35,82 m/s...). Khi d6, kha nang xam thuc do khi
thuc trén bé mat long dan 1a rat 16n, doi hoi trong thiét k€ can phai tinh todn va dp dung céc bién
phdp cong trinh dé dé phong khi thuc, dim bao an toan cho cong trinh. C6 thé 4p dung nhiéu loai
bién phdp khic nhau dé dé phong khi thuc, trong dé gii phédp tiép khong khi vio dong chdy di
dugc dp dung thanh cong vao nhiéu cong trinh 16n trén thé gidi, va bude dau duge dp dung & Viét
Nam (duong tran ho Cura Dat [4]). Sau day s& xem xét cdac van dé vé nguyén ly lam viéc va quy
trinh tinh toén bo phan ti€p khi dé phong khi thuc trén mat tran va doc nuéc.

2. Co ché pha hoai do khi thuc trén bé mat long dan dap tran, déc nudc.

Trén bé mat long din, do nhiéu nguyén nhan khéc nhau c6 thé ton tai cdc gb ghé cuc bo duéi
dang céc bac 16i, bac thut, mau 16i don doc...Khi dong chay véi luu toc 16n di qua cac vi tri ¢6 gb
ghé cuc bo ndy, s& c6 hién tugng tdch dong, titc chi luu khong bam sdt vao thanh rin, trong ving
tach dong dp sudt s€ giam va hinh thanh khu vuc c6 chan khong. Néu dp suit trong nudc giam
xuong dudi mot tri s6 gidi han goi 1a dp suat phan giéi (p,,) thi s& c6 hién tuong khi hod, tic hinh
thanh hang loat cic bong bong nho chiia hoi nudc, xuat phét tir khu vuc ¢6 p<p,,. Cic bong béng
bi dong chay cudn di, sang ving cé dp suét cao hon, chiing s& bi phd huy va gay ra mot xung luc
16n. Néu cac bong béng khi bi phd huy dén dap & gdn bé mat 1ong dan thi s& lam cho ting suét
trong vat liéu thanh long dén déi dau lién tuc, 1am cho vat liéu bi phd hoai do méi, bi bong roi ra
khdi bé mat long dan tao thanh cac h6 xam thuc. Hién tuong nay goi 1a khi thuc.

O nudc ta, trong thoi gian gan day da ghi nhan duogc ngay cang nhiéu cac trudong hop phd hoai
mat tran, doc nudc do khi thuc, nhu & ho Thac Ba, Yén Lap, Ké G, Phi Ninh, Nam Thach Han
([11, [21, [3D.

3. Tac dung cua viéc ti€p khong khi vao dong chay

Nhiéu thi nghiém da chi ra rang khi taing ham luong khong khi & 16p dong chay sat bé mat
long dan thi hién tugng khi thuc s& gidm han, hodc bi triét tiéu hoan toan. 0 Trung Quéc, kiém tra
trén dap tran Wujiangdu vé6i g6 ghé mat tran Z_ <60 mm,luu téc V=44 m/s, khi ham lugng khi &
16p nudc sat thanh S=4% thi khong xay ra xam thuc. 0 dap Fengman [6], v6i bé tong mat tran
R,=15 MPa, V=34 m/s, khi S=4% ciing khong c6 hién tuong khi thuc. 0 Nga, bang thi nghiém
trong phong v6i nhiéu loai bé tong khac nhau, Galperin(1971), Semencov va Lentiaev (1973) da
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dua ra quan h¢ gilia luu t6c ngudng xam thuc V,, v6i cudng do bé tong R, va do ham khi & 16p

nudc sat thanh S nhu trén hinh 1 [5].

Hién tugng giam kha nang xam thuc bé mat long dan
khi tang ham lugng khong khi & 16p dong chay sat thanh
duoc giai thich nhu sau. Khong khi ton tai trong nudc
dué6i dang cac bot khi nho li ti. Ham lugng khong khi
trong nudc cang cao, so lugng cic bot khi cang nhiéu,
lam cho nuéc ¢6 kha nang dan hoi cao hon so véi nudc
khong chita bot khi. LGp dong chay st bé mit long dan
c6 ham khi cao sé& c6 tic dung nhu mot 16p dém trén bé
mat long dan, ti€p nhan va hod giai cac xung luc do su
pha huy céc bong bong hoi truyén t6i. K&t qua 1a 16p vat
liéu bé mat 1ong dan dugc bao vé khoi su phd hoai.

Tuy nhién, cin luu ¥ rang tic dung bao vé chéng khi
thuc chi dugc phat huy khi ting ham lugng khong khi &
16p dong chay sat thanh. Néu ti€p khong khi vao tir mat
thoang cua dong chay thi s€ khong dat hiéu qua can
thiét.
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Hinh 1. Quan hé 'V, = f(R,,S) ctia vt
liéu bé tong [5]

4. Bo tri bo phan tiép khi dé phong khi thuc trén mat tran, déc nuéc.

4.1. Hinh thitc b6 phdn tiép khi (BPTK)

BPTK c6 thé bo tri & ddy hodc thanh
bén long dan, hodc phdi hop ca hai. Daoi
vGi cac mat tran va déc nudc rong thi dat
BPTK & day la thich hop.

Vé céu tao, mdéi BPTK gbém c6 2
phan: phan tao budng khi va dudng dan
dé cung cdp khi vao budng khi.

Bo phan tao budng khi: c6 thé thiét k&
dang mii hat, bac thut, mdng hay dang
hoén hop (hinh 2).

Puong din khi c¢6 thé bo tri dang
mang hé hay 6ng dan khi nhu trén hinh 3.

N6i chung, c¢6 nhiéu phuong an bo tri
bo phan tao budng khi va duong ti€p khi
khac nhau. Trong thiét k& can dua vao
quy mo cong trinh va dac diém cta dudng
thdo nudc dé lva chon cho phit hgp.

4.2. Vi tri dit BPTK

Vi tri dat BPTK trén mat tran, doc
nuGe phu thudc vao yéu ciu bao vé phong
khi thuc. Khi tinh toan thuy luc mat tran,
doc nudc, sau khi v& dudng mat nude cin
tién hanh tinh todn xac dinh kha nang
phéat sinh khi hod va khi thuc tai cdc mat
cét doc theo dudng thdo (xem [1]).

Hinh 2- Cdc loai BPTK

1- Miii hdt; 2- Bdc thut; 3- Mdng; 4- Buong khi

Méng ddn khi

Hinh 2- Cac phuong dn bo'tri duong ddn khi
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BPTK d4u tién (theo chiéu dong chay) can dat ¢ trudc mat cat ma theo tinh todn du bdo s& xuat
hién khi thuc.

Mobi BPTK sé tao ra sau né mot viing tach dong goi 1a buéng khi. Tir day, khong khi sé duoc
hoa tron vao dong chay. Tai mat cit dau tién phia sau budng khi, 16p dong chay sét thanh ¢6 do
ham khi cao nhét. Sau d6, theo chiéu dong chay, cdc bot khi s& din thoat 1én phia trén, 1am cho
ham luong khi & 16p sat thanh giam dan. Khi do ham khi & 16p sat thanh giam xuong dudi mot gia
tri gi6i han S, thi can bo tri BPTK ti€p theo.

Tri s6 S, phu thuoc vao vao do bén cia vat liéu 1ong dan va luu téc dong chay sat thanh, cé thé
noi suy theo hinh 1.

Nhu vay, khodng cach gitta cdc BPTK trén long dan phu thuoc vao nhiéu yéu t6 khiac nhau.
Theo nghién citu téng két cia Trung Qudc va céc nuée khic ([4], [6]...), khoang céch hop 1y giita
cac BPTK khoang 60-120m. B¢ doc 1ong dan cang 16n thi chon khoang cich nay cang xa. BPTK
cudi cling chon cach mit cit cudi déc khong duéi 50m dé tranh dnh hudng dén ché do tiéu niang
phia sau.

Trong thiét k& cin tinh todn v6i mot s6 phuong dn bé tri BPTK khac nhau dé so sanh chon
phuong an hop ly.

5. Tinh toan cac thong so6 cna mét BPTK.
5.1. Tinh todn chiéu cao miii hat Zm

Chiéu cao mili hat phu thudc vao chiéu dai doan long dan dugc bao vé phia sau né (L), vao do
doc doc 1ong dén, luu téc dong chay va nhiéu yéu t6 khac. Theo téng két ctia Trung Qudc [4], c6
thé tinh theo cong thiic kinh nghiém sau:

L, -cos2y

Z,= 2 —=C .m; (1)
25(Fr 1)

trong do:

L,- chiéu dai can bao vé phia sau BPTK, m;
v - gbc nghiéng cua day doc doi véi phuong ngang;
Fr - s6 Frut cia dong chay phia trén BPTK.
5.2. Chon dé nghiéng cia miii hat: thudng chon do nghiéng tuong doi cia miii hit so véi ddy

long dan Zn = é + % , trong d6 Z, 1a chiéu cao miii, tinh theo phuong thing ding; L, 1a chiéu dai

miii, tinh theo phuong nam ngang.

5.3. Xdc dinh chiéu dai buong khi tao ra sau mii hat (L,). Tri s6 L, dugc xac dinh trén co so giai
phuong trinh cta tia nuc phong tir mii hit vé6i luu téc binh quan trén d6 1a V, do sau nudc trén
mii 12 h, khong xét dén chan khong & trong budng khi. Cong thitc xdc dinh nhu sau [4]:

L,=_" Z’“+\/ﬁms(w_9)(ﬁsine+\/Fr-sin29+zzmcosz//); (2
cosy| h Cos h

O day, 6 12 géc nghiéng clia miii so v6i phuong ngang; Fr - s6 Frut ctia dong chay phia trén
miii hit Fr = V*/gh;

Céc thong s6 khac nhu da giai thich & trén.
5.4. Xdc dinh luu luong khi don vi can cdp

Luu lugng khi cin cap phu thudc vao dién tich ti€p xic giita budng khi véi dong chay va van
toc dong chay & trén d6. Tu nhitng nghién ctu, do dac trén cong trinh thuc t€ tran xa 1a
Baphutualia, Dospinto va cic cong su da dé nghi cong thiic kinh nghiém [4]

Q,=0,033.BL,.V; 3)
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trong do:

B- bé rong long dan, m; L,- chiéu dai budng khi, m; V - luu t6c¢ binh quan cua dong chay phia
trén budng khi, c6 thé 14y bing luu t6c binh quan clia dong chay phia trén miii hat, m/s.

5.5. Tinh dién tich téng cong ciia mat cit ngang cac ong dan khi:

,m’; 4

trong d6: V, - luu t6c khi khong ché trong ong, chon V, < 60 m/s d€ tranh gay ra tiéng rit va
rung dong khi BPTK lam viéc

Thudng bé tri 2 6ng cép khi & 2 tudng bén cta dudng tran. Truong hop dudng tran ¢6 bé rong
B 16n, yéu cau luu lugng thong khi Q, 16n thi phai bo tri thém cac tru trung gian & trong 1ong dan
va dat thém cdc ong dan khi trong cdc tru nay. Khi d6, hinh dang, kich thudc cic 6ng dan khi nén
lam gidng nhau.

o, = 22 (5) S6 lieu ban ddu: Q,, kich thudc, vat ligu long dén

n !
trong do, n 1a téng s6 6ng dan khi. - V& dudng mit nudc
— Kiém tra khd ndng khi thyc

Mbi 6ng dan khi thudng c6 mat cat chit nhat,
kich thuéc B, x t, l
Xac dinh vy trf BPTK

trong d6, B,- do dai theo chiéu dong chay; t, -
do dai theo chiéu day tuong hay tru

—Tinh chidu cao mai hdt Z,,(1)
—Chon géc nghiéng mai 6
Do chan khong & trong budng khi chinh 1a l

5.6. Xdc dinh do chdn khong o trong buong khi

chénh léch cot nudc ap luc & dau va cudi clia 6ng

dan khi, s€ tao nén dong khi & trong d6. N6 duoc

xéc dinh theo cong thic quén thudc cua thuy luc,

khi thay dong nuéc bang dong khi:
2

R NG

29.u," v

trong do: V, - luu toc khi trong ong, m/s; g -

gia téc trong trudng, m/s* p, - hé s6 luu luong

ctia 6ng dan khi; xdc dinh theo cdc cong thiic

thuy luc ; vy, - trong luong riéng cua khong khi,
KN/m’; y - trong lugng riéng ctia nudc, KN/m’.

Trong di€u kién binh thudng, 14y oo L

y 780"

Pé dam bdo 6n dinh dong chdy trén doc va
khong ché luu toc V, trong ong dan khi, thuong
gi6i han h, <0,5m.

5.7. Tinh toan Kich thuéc mang dan khi
Mang bo tri lién tuc phia sau mii hat va noi

thong véi cac 6ng dan khi tir tuong bén hay tru.

—Tinh chiéu dai bubng khi L, (2)
—Ldu lugng khi Q, (3)

1

Chon luu t6c khfV, (< 60 m/s)

|

—Tinh dién tich 6ng d&n khi o,
—Chon kich thudc 6ng (B , ta )

|

Tinh d8 chan khéng hy (6)

e

D

Tinh kich thuc mdang dan khf

|

Chuyén sang BPTK ti&p theo

Hinh 4. Luu dé tinh todn BPTK trén mdt tran,

doc nudc

Kich thudc mang 14y nhu sau: Bé rong (theo chiéu dong chay) B,, = B,; chiéu cao: t,=t,- Z,;
trong d6 B, va t, 1a céc kich thudc mat cit 6ng dan khi (xem muc 5.5); Z,, - chiéu cao miii hat.

To6m tat quy trinh tinh todn BPTK nhu trén hinh 4.
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6. Vi du tinh toan cho déc nude duong tran ho chita Cira Dat
6.1. SO liéu ban dau
So d6 dap tran va doc nudc nhu trén Hinh 5. Chiéu dai déc nuée L, = 220m (trén mat bang);

do doc i = 0,2 (goc doc y = 11,3°); vat liéu than déc: BTCT M30. D6 nham bé mit: n = 0,017
(A=0,5mm); do gb ghé cuc bo tai cidc khép néi : Z, = 6mm. Mit cit ngang doc chit nhat, B =
67,0m. Luu lugng thiét k&: Q. = 8200 m?/s; do sau ddu doc: h, = 5,44m. Két qua tinh todn thuy
luc cho thay c6 kha nang khi thuc tai cac gb ghé trén mat doc tir mat cét cach didu doc 70m. Yéu
cau thi€t k€ BPTK dé phong khi thuc.
6.2. Bo'tri cac BPTK.
Dé bao vé cic doan déc c6 kha niang bi khi thuc, chon phuong 4n b6 tri cic BPTK nhu sau:

- BPTK 1 dat tai mat cat M,, cach dau déc 40m;

- BPTK 2 dat tai mat cat M,, cach dau doc 100m;

- BPTK 3 dat tai mat cat M,, cach dau déc 160m.

Hinh 5. So dé doc nudc sau ddp tran

Bing noi suy tir dudng mat nudc, xdc dinh duoc cdc thong s6 thuy luc tai cac mat cit 6 bo tri
BPTK nhu sau (bang 1)
Bang 1. Thong so tinh todn cac BPTK

Vi tri L (m) L, (m) h (m) V (m/s)
BPTK 1 40 60 4,78 25,60
BPTK 2 100 60 4,19 29,21
BPTK 3 160 60 3,81 32,12

6.3. Tinh toan cac thong s6 cia BPTK

St dung céc cong thuc tir (1) dé€n (6) va theo quy trinh nhu Hinh 4, xac dinh dugc cac thong s6
cua cac BPTK nhu sau (bang 2):
Bdng 2. Két qud tinh todn cic BPTK

Thong so Ky hiéu Don vi BPTK1 | BPTK2 | BPTK 3
Vi tri dat L m 40,0 100,0 160,0
Chiéu cao miii hat - m 0,81 0,62 0,52
Chiéu dai miii hat L, m 3,0 2,6 2,3
Géc nghiéng miii 0 do 4,0° 2,2° 1,5°
Chiéu dai buéng khi L, m 18,6 16,3 14,3
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Luu luong khi Q, m’/s 1052,8 1052,7 1015,1
S6 6ng dan khi n 4 4 4
Kich thudc ong B xt m 3,5x1,6 | 3,5x1,6 3,5x1,6
Do chan khong hex m 0,41 0,41 0,41
Bé rong méang khi B« m 3,5 3.5 3,5
Chiéu sau mang tok m 0,8 1,0 1,1

Céc két qua tinh todn vé kich thuGc budng khi va luu téc khi trong 6ng kha phu hop véi két
qua thi nghiém mo hinh thuy luc do Vién Khoa hoc thuy 1gi thuc hién.
7. Két luan

1) Khi thiét k& cdc mat tran va doc nuée v6i dong chay c6 luu t6c cao, cin thiét phai kiém tra
khi thuc bé mat 1ong dan va lua chon bién phédp phong thich hop.

2) Viéc ti€p khong khi vao 16p dong chédy sat bé mat 1dong dan 1a mot bién phdp c6 hiéu qua
dé phong khi thuc.

3) Phuong phap bo tri va tinh todn cdc BPTK néu trong bai nay 1a két qua ctia viéc téng hop
nhiéu tai liéu nghién citu 1y thuyét, thi nghiém trong phong va do dac tai hién truong ¢ nhiéu nudc
trén thé gidi. Viéc ap dung tinh toan vé6i duong tran ho Cira Dat cho céac két qua kha phu hop véi
s0 liéu thi nghiém mo hinh.

4) Khi thiét k&€ cac cong trinh tlr cdp II trd 1én, cin ti€n hanh nghién cttu trén mo hinh thuy luc
dé kiém chiing cac két qua tinh todn.
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The calculation of aerator to prevent cavitation on spillways and chutes

Abstract:

The calculation and arrangement of aerators of spillways to prevent cavitation are very
necessary in the spillway with high velocity. Follow theory and pratice of arrangement of aerators
to avoid cavitation on the spillway and the chute, calculation and designing processes of cavitation
were showed in this paper. We see that, the results obtained from calculation in CuaDat spillway is
in accordance with the results of experiment modelling. The mothod is proposed to be appied
widely to spillways
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