KIEM TRA KHi THUC @ CAC BAP TRAN CRO,
AP DUNG CHO BAP TRAN CUA THUY BIEN LAI CHAU

Nguyén Chién', Nguy&n Thai Binh?’.

Tom tat: Dong chay #rén mdt cdc ddp tran cao ¢é lheu toc rdt 1om, thieong gdy ra khi héa va khi thue trén
mat tran, lam hw hong ddp. Trong bai Qidi thiéu phwong phdp kiém tra khi héa va khi thye trén ddp tran do
CaC go ghé cuc b gdy ra. Ap dung tinh todn cho ddp tran Lai Chdu da chi ra dwoc pham vi c6 phat sinh khi
hoéa va khi thuee itng véi cdc tri sé @6 go ghé cuc b khdc nhau. Véi cic ddp tran cao nhw ddp Lai Chéu thi
dir @4 sir dung vt liéu I bé tdng mac cao va hoan thién bé mat ¢ cap dé cao nhat nhung kha nang khi thuc
trén mét phan mat tran 1a khong tranh khoi. Do dé phdi dp dung cdc bién phdp dé phong khi thue.

Tir khéa: ddp tran, gé ghé cuc bé, khi hoa, khi theee, I toc.

1. D3t vin dé

Hién nay chiing ta dang xdy dung nhiéu hd chira
thuy lo1i, thuy dién c6 cot nude cao. Vai cac dap tran
cao, khi xa il s& ¢ luu téc trén mat tran rat 1on.
Ching han & cac dap tran cua thuy dién Son La, Lai
Chau, khi xa 1 thiét ké, luu toc binh quan & cac mat

cit cudi tran dat trén 30m/s. Trong khi dé, trén mat
tran ludn ton tai cac gd ghé cuc bd c6 ngudn gdoe
khac nhau (do thi cong, hay phét sinh trong thoi ki
khai thac). Dong chay cé Iuu tdc 16n trén bé mat co
g6 ghé cuc bo s& 1am phat sinh khi héa, din dén khi
thuc pha hoai mat tran (hinh 1).

a — Cac phan bi xdm thwc ciia mdt tran; b — Hinh danh hé xam thiee.

Vi vay trong tinh toan thiét ké cac dap tran nhat
thiét phai tién hanh kiém tra khi hoa, khi thuc va
thiét ké giai phap phong khi thuc khi can thiét. Véan
dé nay trudce diy chua dugce quan tim ding muc nén
& mot sé dap tran khi van hanh d4 c6 xay ra khi thuc
(nhu & dap Plei Krong, Ban Chat...). Gan day, &
nudc ta d ban hanh tiéu chuan huéng dan tinh toan

! Truong Pai hoc Thuy loi;
2Vién K§ thuét cong trinh, Dai hoc Thuy lgi.

khi thuc [3], va viéc nghién ctru dé 4p dung cho
cong trinh thyc té 1a rat can thiét, dac biét 1a cho cac
dap tran cao.

2. Phuwong phap kiém tra khi héa va khi thue
mat tran.

2.1. Kiém tra khi héa.

Khi hoa xuét hién trén bé mat 1ong dan khi duong
bién cua n6 khong thudn, ton tai cic vi tri ma dong
chay khong bam sat thanh, tao ra khu vyc giam ap.
Dbi v6i bé mat dap tran, khi hda c6 thé xudt hién &
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dang téng thé hodc cuc bd. Dang téng thé cua khi
hoa xuat hién khi ban than bé mit dap tran la mat
chay bao khong thuin. dong chay khong bam sat
mat tran. DAy l1a cac dang mat tran c6 chan khong.
Pbi v6i cac dap tran cao, theo diéu kién an toan
,thuong ap dung loai mat tran khong chan khéng
(dang WES hoac Criger-Ofixerov, xem [1]). Do d6
dang khi héa tong thé trén mat tran khéng xay ra.
Trong bai nay giéi han nghién ctu khi hoa trén mat
tran cd cac go ghé cuc bo.

Hinh dang va kich thudc cta cac go ghé cuc bd
phu thudc vao cdng nghé thi cong va xi Iy mat tran.
Trong xay dung thudong quy dinh cic cip do hoan
thién bé mit khac nhau; cp F1- hoan thién thong
thuong, mirc d6 gd ghé khéng ché khong vuot qua
7mm; cip F2- hoan thién cip cao, do gb ghé khéng
ché khéng vuot qua 5mm; cAp F3- hoan thién dic
biét, 46 gb ghé khong ché khong vuot qua 4mm. Bé
mit ddp tran can duoc hoan thién theo cip ndy. Tuy
nhién, khi luu toc trén mat tran qua I6n thi tham chi
céc go ghé cuc bo ¢o chidu cao nhé hon 4mm van ¢
thé tao nén khi hoa.

Theo [3], khi héa xuat hién khi thoa man diéu
Kién:

K <Koy (1)
trong d6: Kyg- hé s6 khi hoa phan giéi, phu thude
vao hinh dang cua cac gd ghé cuc bo, xac dinh theo
[3]; K- hé s6 khi hoa thuc té, x4c dinh theo cong thirc:

_Hor=Hy @
VZ. 129

o) day, cot nudc dac trung Hpr = Hy + h cosy;

H.- c6t nude ap luc khi troi; h- d6 sau nudce (theo
phuong vudng goc voi day) tai diém tinh toan; y-
géc giita tiép tuyén véi mat tran va phuong ngang;
Hpg- €Ot nude ap luc phan gidi, tac ap luc hoa hoi
cta nudc ing vai nhiét d6 T, xac dinh theo [3]; Vpr-
luu tdc dic trung x4ac dinh nhu sau:

Vor=Vy= Ve % 3)

Py

Vrg — Luu tdc trung binh mit cét; cac tri s ¢,
&1, & xac dinh theo chi dan cua [3].

2.2. Kiém tra khi thuc.

Tai nhitng diém c6 phat sinh khi hoa thi cin kiém
tra diéu kién khi thuc. Khi thuc khong xay ra khi:

Vy < Vng: / ‘ \ | (4)

trong d6: Vy — luu toc tai dinh mau go ghé co
chidu cao y = Zp, + A; Z, — chiu cao miu go ghé; A
- nhdm déu trén mit tran; Vi, — luu tdc ngudng xam
thuc, phu thudc vao mac vat liéu. Véi vat liéu bé

tong, khi d6 ham khi cua 16p nudc sat thanh S = 0,
tri s Vg xac dinh theo [3], cu thé véi bé tdng M20,
Vg = 9,2M/s; V6i bé tong M25, 30, 35, 40, tri s6 Vg
lan luot 12 12m/s; 14,1m/s; 16,4m/s va 18,5m/s.

Truong hop du bao cé khi thuc (khong thoa mén
didu kién 4) thi can thiét ké giai phap phong khi thuc
cho cdng trinh.

3. Tinh toan ap dung cho dap tran thiy dién
Lai Chau.

3.1. Gidi thi¢u céng trinh.

Thuy dién Lai Chau 1a bac thang trén cung cua
song Da, phan trén lanh thd Viét Nam. Cong trinh c6
nhiém vu chinh 13 phat dién voi cong suét lip may
1200MW. Dap tao ho chira 1a dap bé téng trong luc
¢6 chiéu cao 16n nhat 137m. Pap tran bd tri & 1ong
séng gdm 6 khoang tran mit x 14,5m va 2 cira xa
sau, kich thudc cua mbi cira BxH = 4x6m.

Trong bai ndy nghién ctru vé kha ning khi thuc ¢
dap tran (tran mat, xem hinh 2). Mot s6 thong sb cua
dap tran nhu sau:

- M3t cit dap tran: tran khdng chan khong kiéu
WES. Cao trinh ngudng tran: 275,0m; cao trinh mii
phun: 225,0m; géc hat miii phun oy = 30% ban kinh
cong ndi tiép: Ry = 40,0m.

- Mat bang tran: ngin cach giita cac khoang 1a
cac tru c¢6 d = 5,0m; dudi tru dugc kéo dai thanh cac
tuong ngin day 3,0m giita cac khoang, kéo dai dén
hét miii phun.

- X4 1ii thiét ké: qua tran mit, x4 day (mé hét cira
van) va cac to may thuy dién. Muc nudc lii thiét ké:
297,68m; codt nudc tuong ung: Hy = 22,68m. Luu
lugng xa tuwong ung qua 1 khoang tran mat 1a Q, =
2876,6m°s; qua 6 khoang tran mat 1a Q; =
17259,8ms.
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Hinh 2. Mt cdt ddp tran thiy dién Lai Chéu [4].
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3.2. Kiém tra khi héa trén mdt tran.

Viéc kiém tra thuc hién theo didu kién (1). Téc
nhan gay khi héa & day 1a cac gd ghé cuc bo. Trong
céc dang gd ghé cuc bd duogc tong két trong [3], loai
trir dang qua tho 1a dau cbt thép sic mép nho ra trén
mat tran thi dang béac 16i theo chiéu dong chay véi
g6c nghiéng o = 90° 1a bét loi nhat vé tao khi hoa,
twong mg vé6i hé s6 khi hoa phan gié Kyg = 2,3. Sau
day s& tinh toan kiém tra cho dang nay.

Hé sé khi hoa thuc té duge xac dinh theo cong
thire (2), trong d6 Hyg = 0,32m (Ung voi nhiét do
nuée T = 25°C).

Dé xac dinh Hpr, Vpr cho cAc vi tri khac nhau
trén mat tran (xem hinh 2), cAn v& dudng mit nudc
trén mat tran. Truong hop tinh toan ¢ day 1a khi tran
xa I thiét ké. Do mit tran c6 d6 dbc 1on va thay doi
nén dudng mit nude duge v& bang phuong phap sai
phén theo hé phuong trinh sau [2]:

2
hi+1COS\Vi+1 + \/Hl -
2

2
(h,cosy; + V—' )
29

= (Sinyg — Jrg) AL; )

q = hiVi = his1Visg, (6)

trong do h; hi.; 1a d6 siu (theo phuong vudng goc
VGi mit tran) ¢ dau va cudi doan tinh toén c6 chiéu
dai 1a AL; y- goc giita tiép tuyén véi mit tran va

phuong ngang; V- luu tdc trung binh mat cit, chi s6
i, i+1 twong tng v&i vi tri ddu va cudi doan tinh
toan; J- d6 doc ma sat; g- luu lwong don vi.

Puong mat nudc dugc ve bat dau tr diém 3
(diém cao nhit trén ngudng tran), do sau twong tng
tai day 1a hs = 0,668H;. Hé sb nham cua mit tran liy
n = 0,014. Do sau nudc tai diém B (diém thip nhat
cia mit tran) va diém C (tai mii phun) dugc xac
dinh c6 xét dén luc ly tdm trén doan nbi tiép cung

tron, theo cac phuong trinh sau [2]:
V2 _ AV .
Ya + hacosya + 2—A =hg+ =B + Bu+]aglag (7)

29 v
2 2
hg + ﬁ +Pu = Ve + hecosay +i + Jaclec; (8)
29 v 2

Trong d6 ya va yc la d6 chénh cao cua A va C so

vGi B (xem hinh 2); Pu 13 thanh phan ap luc ly tam,
Y

xac dinh theo cong thirc:
P, _2h, Vi
Y Ry . 29
O day Ry = 40m; diém A tring voi diém 11 trén
mat tran (hinh 2).
Két qua tinh va v& dudng mit nude khi tran xa 1
thiét ké dugc ghi trén bang 1.

9)

Bang I- Két qua vé duong mdt nuée trén tran.

Mt cat B (m) q (m*/s.m) h (m) V (m/s) siny Jis DL L
3 14,5 198,4 15,15 13,096 0 - - 0
4 14,5 198,4 13,82 14,357 0,128 0,005 54 54
5 14,5 198,4 10,29 19,273 0,512 0,007 11,4 16,8
6 14,5 198,4 9,33 21,272 0,563 0,011 5,7 22,5
7 14,5 198,4 8,51 23,306 0,639 0,015 5,9 28,4
8 16,5 174,3 6,84 25,494 0,683 0,020 6,0 34,4
9 16,5 174,3 6,08 28,649 0,772 0,026 10,8 45,2
10 16,5 174,3 5,56 31,377 0,776 0,035 10,8 56,0
11 16,5 174,3 5,15 33,851 0,781 0,044 10,8 66,8
B 16,5 174,3 5,27 33,061 0 0,047 37,1 103,9
C 16,5 174,3 4,87 35,820 0,500 0,050 20,9 1248

Viéc tinh toan kiém tra khi hoa duoc thuc hién
theo chi dan cua [3], véi cac cong thic (1), (2), (3)
néu trén. Tién hanh tinh toan véi cac tri sb d6 gd ghé

trén mat tran Z, = 2, 3, 4, 5, 6, 7mm. Két qua tinh
toan duoc tong hop trén bang 2, 3.

Bang 2- Két qud tinh todn kiém tra khi héa khi Z, = 4mm.

Mat cat | h(m) V (m/s) Hpr (M) o(m) | &(10°) [ Vpr (m/s) K Kha niang khi hoa
3 15,15 13,096 25,301 0,040 4,0 9,518 5,384 khéng
4 13,82 14,357 23,968 0,045 3,8 10,18 4,451 khéng
5 10,29 19,273 20,453 0,060 3,7 13,55 2,139 co
6 9,33 21,272 19,491 0,070 3,5 14,58 1,758 co
7 8,51 23,306 18,683 0,080 3,3 15,56 1,478 co
8 6,84 25,494 17,015 0,090 3,1 16,62 1,178 co
9 6,08 28,649 16,274 0,120 2,7 17,51 1,013 co
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Mat cat | h(m) V (m/s) Hpr (M) o(m) | &(10°) | Vpr (m/s) K Kha nidng khi hoa
10 5,56 31,377 15,757 0,130 2,6 18,71 0,858 co
11 5,15 33,851 15,364 0,150 2,5 20,12 0,723 co
B 5,27 33,061 15,507 0,200 2,4 19,26 0,797 co
C 4,87 35,820 15,096 0,250 2,2 20,40 0,687 co
Bang 3- Tong hop két qua tinh todn kiém tra khi héa véi cdc tri s6 Zm Khac nhau.
ey Kha niang khi hoa mg véi tri s6 Z, (mm)
Mat cat | L (m) h (m) V (m/s) 7. =2 3 2 c 6 Z
3 0 15,15 13,096 khéng khéng khéng khéng khéng khéng
4 5,4 13,82 14,357 khéng khéng khéng khéng khéng khéng
5 16,8 10,29 14,273 khong khong co co co co
6 22,5 9,33 20,272 khong co co co co co
7 28,4 8,51 23,306 co co co co co co
8 34,4 6,84 25,494 co co co co co co
9 45,2 6,08 28,649 co co co co co co
10 56,0 5,56 31,377 co co co co co co
11 66,8 5,15 33,851 co co co co co co
B 103,9 5,27 33,061 co co co co co co
C 124,8 4,87 35,820 co co co co co co

Tir bang 3 cho thay kha ning phat sinh khi hoa
phu thudc vao do gb ghé thyuc té trén mat tran. Voéi
dap tran Lai Chau khi xa Ii thiét ké, v6i Zy, = 2mm
thi khi héa phét sinh & pham vi 102 m & cudi mat
tran; pham vi phat sinh khi héa véi Z, = 3mm la 108
m cudi mat tran; con khi Z,, = (4-7)mm thi khi héa
c6 thé phat sinh trén pham vi rong (119m cudi mét
tran, tirc 86% dién tich mat tran). Nhu vay du mat
tran hoan thién ¢ cdp dic biét thi kha niang xuat hién

khi hoa trén phan 16n dién tich mat tran 1a khong thé
tranh khoi.

3.3. Kiém tra khi thwe trén mdt tran.

Kha nang khi thuc trén mat tran duogc kiém tra
theo diéu kién (4). Tri s& Vpr dugc 1ay theo bang
tinh todn kiém tra khi hoa. Téng hop cac két qua
tinh todn khi thyc trén mat tran Lai Chau, tng véi
cac tri s gb ghé cuc bo khac nhau duoc trinh bay
trén bang 4.

Bdng 4- Tong hop két qua kiém tra khi thuc mdt tran Lai Chau (BT M40, V,,, = 18,5m/s).

Mat Z =3mm Z =4mm Z=5mm Z =6mm Z=7mm

cat Vpr | Khithue | Vpr | Khithue | Vpr | Khithue | Vpr | Khithue | Vpr | Khithuc
3 8,76 0 9,52 0 9,88 0 10,22 0 10,56 0
4 9,37 0 10,18 0 10,57 0 10,94 0 11,30 0
5 12,46 0 13,55 0 14,06 0 14,55 0 15,03 0
6 13,41 0 14,58 0 15,13 0 15,67 0 16,18 0
7 14,31 0 15,56 0 16,15 0 16,71 0 17,26 0
8 15,29 0 16,62 0 17,25 0 17,85 0 18,44 0
9 16,11 0 17,51 0 18,17 0 18,81 co 19,43 co
10 17,22 0 18,71 co 19,42 co 20,10 co 20,76 co
11 18,51 co 20,12 cod 20,88 co 21,62 co 22,33 co
B 17,22 0 19,26 cod 19,99 co 20,69 co 21,37 co
C 18,82 co 20,46 cod 21,23 co 21,97 co 22,69 co

Nhan xét:

- V61 mat tran thuy dién Lai Chau c6 mac bé tong
bé mat 1a M40, kha ning xuit hién khi thuyc phu
thudc vao mirc do gb ghé thuc té trén mat. V6i Zy =
3mm, khi thuc c6 kha ning xuét hién tir mit cat 11
tré vé cudi, tirc toan bo phin cong tron cudi mit
tran; voi Zy, = (4-5)mm, khi thuc c6 thé xuét hién tir
mat cit 10; con khi Z, = (6-7)mm thi khi thyc tiém
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tang tinh tir mat cét 9.

- V/&i mat tran ¢6 luu tée 16n nhu & dap Lai Chau,
mac du da chon vat liéu 1a bé tdbng mac cao (M40),
nhung khi thyc & phan cubi cia mat tran 1a khong
thé tranh khoi, do d6 budc phai ap dung cac bién
phap dé phong khi thuc. Vin dé ndy s& dugc trinh
bay trong 1 bai bao khac.
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4- Két luan.

1) Céc dap tran cao thudng c6 luu tbe trén mét tran
I6n, va khi trén mat tran c6 cac gd ghé cuc bo thi
khong tranh khoi tao ra khi hoa, dan dén khi thyc 1am
hu hong dép tran. Do d6 viée tinh toan kiém tra khi
thuc va thiét ké giai phap phong khi thyc 1a can thiét.

2) Két qua thi nghiém mé hinh dugc trinh bay
trong [4] méi chi két luan dugc vé kha ning khi hoa
tong thé trén mat dap tran. D& két luan duoc kha
ning khi hoa, khi thuc do cac gd ghé cuc bd gy ra
thi cin 4p dung phuong phap tinh toan theo [3],

TAI LIEU THAM KHAO

trong d6 duong mat nudce trén tran dugc veé theo cac
chi dan & [2].

3) Ap dung tinh toan cho dap tran Lai Chau d4
xac dinh dugc pham vi khi hoa trén mat tran (mg vaoi
céc cip do gd ghé cuc bo khac nhau. DA xac dinh
duogc rang voi d6 gd ghé khéng ché hién tai 1a 4mm
thi khi hoa c6 thé xay ra trén 86% dién tich mat tran.
Va véi vat lidu 1a bé tdng M40 thi khi thuc co thé
xuit hién trén 81% dién tich mat tran (tir sau mat cat
10), do d6 phai ap dung cac giai phap dé phong khi
thuc cho dap tran Lai Chau.
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Summary:
THE CONTROL OF CAVITATIONARY EROSION ON HIGH SPILLWAYS, APPLIED
FOR LAI CHAU HYDROPOWER

The flow on high spillways has quick velocity, thus it often creates cavitation and cavitationary erosion
on the surface. This paper presents the method to check the cavitation and cavitationary erosion caused by
local roughnesses on the surface of the spillways. The calculation of the flow regime on the Lai Chau
spillway shows the range of cavitation and cavitationary erosion resulting from different levels of surface
roughnesses. Although the spillway is made of high intensity concrete and the surface is constructed at the
highest level possible, cavitation and cavitationary erosion is unavoidable. In order to minimize this, some

special measures are needed.

Key words: spillway, local roughness, cavitation, cavitationary erosion, velocity of flow.
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