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Tom tat: Khi thiét ké bé tiéu néng ciia cdc ddp tran cao, lwu heong don vi Iom, viée bé tri cac thiét bj
tiéu ndng phu & trong bé (mé, dam...) gitip cdi thién diéu kién tiéu ndng, giam chiéu sdu dao bé, chiéu
dal bé. Tuy nhién chinh cac thiét bi tiéu nang nay lai rat dé bi phd hoai do khi thuc. Vi Vdy trong thiét ké
can tinh todn cdc gidi / phdp phong khi theec cho cac thiét bi ndy. Bai viét ndy gidi thiéu phirong phéip bé
tri va tinh todn dwong ong tiép khi cho cdc mé tiéu ndng, dp dung cho tran Nuéce Trong.

1. Pit van dé:

Khi bd tri cac thiét b tiéu ning sau dap tran
cao, véi luu lwong don vi qua dap tran 16n dan
dén cac thiét bi tiéu ning nay thudng bj xam thuc
va pha hoai do hién tuong khi thuc. Hién tuong
khi thuc thuong xay ra tai mat day, chan tuong
bén bé tiéu ning va tai cic md, tudng tiéu ning
dit trong bé (hinh 1). Vi vay can thiét phai

nghién ctru dua ra cac giai phap phong khi thuc
cho céc thiét bi tiéu ning sau dap tran cao dé
dam bao céc thiét bi tiéu nang nay lam viéc binh
thuong trong qua trinh van hanh. Noi dung bai
sau day sé gidi thiéu vé cac giai phap phong khi
thuc va tinh toan thiét ké bo phan tiép khi cho
c4c thiét bi tiéu ning sau dap tran cao, ap dung
tinh toan cho dép tran hd Nudc Trong.

Hlnh 1: Khl thuee tai cdc mé tiéu nang va mé phéan dong[2]

2. Cé&c giai phap phong khi thwe cho cac
thiét bi tiéu ning sau dap tran cao:

2.1. Gidi phdp ting dp bén vit ligu:

Pé phong khi thuc cho céac thiét bi tiéu ning
can chon vat liéu c6 Vog> Vy

Trong d6 Vng l1a lyu téc ngudng xam thuc
cta vat liéu; Vy 1a luu téc cuc bo sat thanh, xac
dinh tir cac s6 liéu thi nghiém mo hinh va tinh
toan chuyén doi (bai toan I6p bién).

Tir Vy s& khong ché Vg dé khong sinh ra khi
thuc, khi c6 Vg S€ lua chon vat liéu twong Gng:

— Vat liéu bétdng: Ry ~ Vg (Ung voi do ham
khi trong nude S = 0).

Thyc té 1a Ry S& rat cao, kho dat dugc. Vi vay
nén xem xét giai phap boc thép hoic 1a chat déo.

— Boc bang chdt déo: vat liéu chat déo d& bi

gia hda theo thoi gian va ndi chung chua dugc
kiém nghiém trong thuc té. Vi vay giai phap nay
mang tinh rai ro cao, khong khuyén cdo sir dung
— Giai phdp boc thép: Thép cb do bén khi
thuc cao hon rat nhiéu so véi bétdng. Theo tai
liéu thi nghiém cua Vién nghién ctru Thuy lgi
toan Lién Bang (Lién X&) [6] thi so v&i bétong
M25, thép cacbon CT3 c6 do bén khi thuc gép
500-700 lan, con thép khdng ri c6 do bén khi
thuc gap hon 1000 lan. Do d6 viéc boc thép &
khu vuc 1an can md phan dong chic chin s&
Chéng dugc hién tuong khi thuc ¢ day. Piéu can
lwu y dbi v6i giai phap nay I tai vi tri tiép giap
gitta 16p boc va phan khéng boc thép rat dé bi
nit tach, tao ra cac vi tri ghd ghé cuc bd, hinh
thanh ngudn khi thuc mdi pha hoai phan bétong
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phia sau. Dé tranh nguy co pha hoai ndy thi can
phai boc thép hét toan by cac md, toan bo chidu
dai day va chan tuong bén caa bé tiéu ning tinh
tor mat cat c6 md, va nhu vay khdi hrcmg boc
thép s& rat 1on, gia thanh cao. Do d6 can thiét
phai so sanh kinh té - ky thuat giita cac phuong
an dé lua chon.

2.2. Gidi phdp ddn nwéc vao vang ha dp:

Theo thi nghiém cua cac nha khoa hoc Lién
X6 [6] khi bé tri cac ong thong nude tir mat
trudc ctia md tiéu ning (noi co ap sut cao) den
mat bén va mit trén coa md (noi c6 ap suat
thip) thi nudc sé tu dong chay tlr noi ¢6 ap suat
cao sang noi co ap suat thap, 1am giam kha ning
khi hoa va do d6 chong duogc hién tuong khi
thuc & cac mat nay ciia md tiéu ning.

Piéu cin quan tAm & day 1a ching ta can
chéng khi thyc khong nhitng cho ban than mé
ti€u nang ma cho ca ban day va chan tuong bén
bé tiéu ning & cac mit cat sau md. Ma tai nhiing
vi tri nay thi ban than cac ong dan nuéc & mod
tiéu nang sé khong thé vuon tam anh hudng téi
dugc. Do d6 khdng thé chic chan 1a s& khong
xay ra khi thuc tai ban day va chin tudng bén bé
tiéu nang & cac mat cit sau mo.

Giai phap nay chi dugc xem xét khi chong
khi thuc cho ban thin cac mé tiéu nang va mo
phan dong ma khong thé ap dung dé chong khi
thuc cho toan bo tran.

2.3. Gidi phdp tiép khi dé phong khi thuee:

Khi tang lugng ham khi trong nude & 16p sat
thanh dong chay thi s& tao ra mot 16p dém rét c6
hiéu qua vé mat chong khi thyc. Thi nghiém cua
cac nha khoa hoc Lién X6 [6] cho thay luu tdc
nguong xam thuc (Vng) tang 1én theo mirc d
ham khi trong nude. Vivay day 1a mot giai phap
t6t can dugc nghién ctru ap dung.

Viéc tinh toan bd tri bd phan tiép khi
(BPTK), tinh toan Iwu lwong khi can tiép va
kich thu6c BPTK duwoc thuc hién theo tiéu
chuan 14TCN 198 — 2006 [1].

3. Phwong phap tinh toan thiét ké by phan
tiép khi cho cac thiét bj tiéu ning:

3.1. Nguyén tic chung:

Muc dich cua viée tiép khi vao dong chay 1a
lam tang d§ ham khi trong nudc & 16p chay sat
thanh, nho d6 ma ting dugc luu téc ngudng
xam thuc (Ving) va ngan ngtra dugc kha nang khi
thuc tai cac thiét bi tiéu ning cia CTTN, cho du
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& day co thé xuat hién khi hoa manh va duy tri
trong khoang thoi gian dai.

Trén mdi CTTN c6 nhitng vi tri cAn wu tién
xem xét b tri bo phan tiép khi 1a:

— Bé mat dap tran, déc nudc ma trén do co
thé ton tai cac mau ghd ghé cuc bd

— Budng van, noi c¢6 cac bd phan lam cho
duong bién caa dong chay thay doi dot ngot.

— Cac m va thiét bi tiéu niang, phan dong,
noi c6 ché d6 dong chay bao khong thuan.

3.2. Tinh toan thiét ké BPTK cho cdc thiét
bi tiéu nang:

Céc hinh thirc két cau co ban ciia BPTK I1a:
miii hat, bac thut, mang, cac dang hdn hop

Trinh ty va phuong phap tinh toan cac hinh
thic ctia BPTK néu trén da dugc trinh bay chi
tiét trong [1]. Trong ndi dung bai nay chi xin
trinh bay phwong phép tinh toan thiét ké he
thong 6ng tiép khi cho cic md tidu ning dit
trong bé tiéu ning sau dap tran cao.

3.2.1. B6 tri cdc ong tiép khi trong bé tiéu
nang:

B6 tri 1 6ng tiép khi chinh (d;) dudi mdi
hang md, sau d6 dan khi 1én cAc md tiéu ning
(phia trén dinh mo va hai mt bén mo) bang céc
duong dng nhanh nho hon (d2). Pong thoi & trén
dinh va hai mat bén ctia mo ti€u nang, ta bb tri
cac 16 tron duong kinh ds ndi thong tir ong dan
khi nhanh (dz) dén cdc mit ngodi cia md tiéu
nang (xem hinh 3).

3.2.2. Tinh toan éng tiép khi cho mé tiéu nang:

a) Tinh luu lwong khi can cdp cho ving tach
dong sau mé tiéu ning: (O5)

Luu luong khi cin cép duoc tinh theo cong
thire sau: (tinh cho 1 md) [1].

Q,,=01B,2Z,V 1)

Trong do:

— Qam: Iwu Iuong khi cin cip cho 1 md (m¥/s)

— Bm: bé rong ctia mé tiéu ning (m).

— Zum: chiéu cao ctia mé tiéu ning (m).

— V: Iuu téc trung binh caa dong chay trudce
mb tiéu ning (m/s), véi cac md tiéu ning dat
trong bé, 1dy V = V¢ (voi V. 1a luu tde trung
binh tai mat cat co hep), hoic lay theo sd liéu thi
nghiém mé hinh.

Trén mot hang mé tiéu nang c6 N md thi tong
luu lugng khi can cdp cho mdt hang md tiéu
nang 13: Qa =N X Qam (M%/s)



b) Tinh todn kich thuéc éng dan khi chinh:
Dién tich mit cit ngang ong dan khi chinh
tinh theo cong thirc sau:
Q
Wy = V_a

a

(2)

Trong dé: - Qa: luu lwong khi can dan (m’/s).
- Vq: luu toc dong khi trong dng, thuong
chon V,< 60(m/s) [1,5]

Néu ta bd tri hai dng din khi chinh ¢ hai
thanh bén cua bé tiéu ning thi dién tich téi thiéu
ctia mdi ong 1:

() 3)
¢) Chon kich thirée ong dan khi chinh:

Vi luu lugng khi can dan qua 6ng chinh l6n
nén thuong chon dng mit cat chir nhat, kich
thude mdi dng dan khi tinh theo cong thirc sau:

0, '=B, xt, 4)

Trong dé: - Ba: canh cia mit cat ngang dng
theo chiéu dong chay.

- ta; Canh ciia mit cét 6ng theo chiéu vuong
gOc v4i mat bén cia tuong.

Néu Iuu lwong khi can dan qua 6ng chinh
nho, ta c6 thé chon dng mat cét hinh tron.

d) Tinh todn kich thudc ong dan khi nhanh
(tir dng dan khi chinh dén cdc mdt bén cia mé
tiéu nang): (dz)

Dién tich mit cat ngang 6ng dan nhanh khi
tinh theo cdng thirc sau: (tinh cho 1 md)

__
wal -

Qun
Wy = V. )
Trong do:

- Qam: luru luong khi can dan (m® Is)

- Va luu tdc dong khi trong dng, thuong
chon V,< 60(m/s)

Néu ta bd tri hai 6ng dan khi & phia trong hai
mat bén cta md tiéu nang thi dién tich tbi thiéu
ctia mdi ong 14:
0= () (6)

e) Chon kich thirée ong dan khi nhanh:

Thudng chon dng mit cit tron, kich thudc
mbi dng dan khi tinh theo cong thirc sau:

P2’ () (7
T

Tai trén dinh va 2 mat bén cta mb tiéu nang,
ta chtra cac 16 tron duong kinh ds, thong tir 6ng
dan khi nhanh (d;) dén cac mat ngodi cia md

d, =2

tiéu nang.
f) Tinh d@é chdn khéng trong dwong ong dan
khi chinh (Ba X to):
Do chan khong trong dudng 6ng dan khi
chinh dugc tinh theo cong thirc:
2
hy = o ta 8)
2.9.4, ¥
Trong do: he: dd chan khong (tinh theo mét
cot nude); Va: luu te khi trong dng, m/s;
Ya v lan luot 14 trong lwong riéng cua khong
khi va nuéc;
W, hé sé luu lugng ciia 6ng dan khi, xac

_ )
i+ Z Si

D&t tong hé sO tOn that 4p lyc trén toan
6ng, bao gom ton that tai cira vao, cac doan udn
cong va doc duong.

Pé on dinh ciia dudong dan khi chinh thi tri s6
he < 0,5m. Trudng hop nguoc lai, can chon lai
V, (theo hudng giam) va tinh toan lai.

g) Tinh todn dg chin khéng ciia buong khi
phia sau mé tiéu nang:

dinh theo cOng thuc: 1, =

V 2
Ah=—Ya__7Ta
2.9
Trong d6: Ah la chénh léch cot nude gitra 2
dau ctia ong dan khi nhanh (d,)

Va, Ya, ¥, U, nhu da giai thich & cong thic (8)

Theo cong thuc: (20)

Do chan khong ctia budng khi sau md tiéu ning
= hy + Ah < 1,0m thi méi dam béo ché do 1am viée
6n dinh. Truong hop nguoc lai, can tinh toan lai mat
cat ong dan khi trén co s¢ giam bot tri s6 Va.

4. Ap dung tinh toin cho dap tran hd
Nuwéc Trong:

4.1. Gidi thiéu cong trinh: [5]

Ho Nudc Trong dugc xay dung tai tinh Quang
Ngéi la cong trinh cép II. Pap tran Nudc Trong 1a
dap tran thuc dung dang mit cat WES, tran gém 5
cira xa mat, kich thudc mdi cira BxH = 12,5x14,0
m, cao trinh ngudng tran: 115,50m. Cac hru luong
Xa va muc nude trong hd trong tmg:

— La thiét ké (p = 0,5%): Q; = 6728m’/s,
MNLTK = 130,00m.
— Li kiém tra (p = 0,1%): Q; = 7722m’/s,

MNLTK = 131,40m.
Két cau bé tiéu ning (phuong an d4 sta doi
sau khi thi nghiém mé hinh) nhu trén hinh 2.

67



15,38 23,00
|le—o

38,62

| 77,00

— Chiéu dai bé L, = 77m; bé rong Bg =
76,5m, B = 81,78m; Z4sy = 63,5m.

— Trong bé dat hai hang md, mat cat hinh
thang vuéng, chiéu cao md: 4m, chiéu rong mo:
4,80m, chiéu dai dinh md: 1,20m, chiéu dai day
mé: 4,80m; hang mé thir nhat gdm 7 md cach
dau bé tiéu nang 15,38m, hang md thi hai gom
6 mb nguyén va 2 md nira cach hang mé thir
nhat 23,00m (cac md o hang thir hai dat so le
v6i hang thir nhat)

— Cudi bé tiéu niang chinh co tuong tiéu
nang cao 8,50m (Vdinh wong= 72 Om) bé tidu
nang thr hai sau tuong co chiéu dai Loz =
28,0m, cao trinh day bé 63,5m (bang day bé tiéu
nang chinh).

Theo [3] d4 tinh toan kiém tra thi tai cac md
tiéu ning dat trong bé c6 mic do khi hoa manh
(K<<Kpg) va khong tranh khoi hién tuong bi
xam thuc khi 1am viéc. Vay can phal co cac gidi
phap dé chong khi thuc tai cic mé tiéu ning

4,00
Ong dOn khé nhonh

Ong dn khé chénh

| |
[
Hinh 2: Cdt doc bé tiéu néng (theo phirong an da sira doi)[4]

nay, ciing nhu ¢ ddy va thanh bén cua bé tiéu
nang. Theo cac gidi phap da néu ¢ trén thi tiép
khi la mot giai phap t6t can nghlen ctu ap dung.

4.2. Thiét ké h¢ théng éng tiép khi cho mo
tiéu nang:

4.2.1. B tri cdc éng tiép khi trong bé tiéu ning:

Theo tai liéu thi nghiém [4] ta c6 luu tdc dic
trung tai hang mé tiéu ning thir nhat 1a Vbt
= 25,98m/s >> Vg = 14,50 m/s (Ging voi bé
tong M30)

=> s¢ xay ra hi¢n tugng khi thuc tai cac md
tiéu nang.

Pé dam bao cho cac md tiéu nang, b6 tri 1
6ng tiép khi chinh (B, X ta) dudi mdi hang mé,
sau d6 dan khi 1én cac md tiéu nang (phia trén
va hai mat bén) bang cac duong 6ng nhanh nhé
hon (dy). Pong thoi & trén dinh va 2 mit bén cua
mé tiéu nang, ta chira cac 16 tron duong kinh ds
ndi thong tir ong dan khi nhanh (dy) dén cac mit
ngoai ctia mo tiéu nang.

|

1 . b)
|
|

Ba

[ —

4,80

[P

{0000do)

|

Hinh 3: So do bé tri bé phdn tiép khi trén cac mé tiéu ning

a) Mat dirng

Trong thyc té can tinh toan v&i mot sb
phuong 4n bé tri khac nhau, roi sau d6 so sanh
va chon phuong 4n hop 1y nhat. Nhung trong
ndi dung bai nay chi tinh toan kiém tra voi
phuong an b tri nhur trén
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b) Mdt bang

4.2.2. Tinh toan ong tiép khi cho hang mo
tiéu ndng thir nhdt:

a) Tinh heu lwong khi can cdp cho ving tach
dong sau mé fiéu nang: (Qa)

Luu lugng khi can cap dugc tinh theo cong



thirc (1): (tinh cho 1 md)

Q,,=01B,Z. .V

Trong do:

- Qam: lwu lwong khi can cép cho 1 mb (m®/s)

- Bn=4,80m; Zp=4,00m

- V: Iuu tdc trung binh cia dong chay trudc
hang md, theo [4] ta c6 V = 25,98m/s.

Thay céc gid tri vao cbng thac (1) ta
duqc:Qam = 0,1 x 4,80 x 4,0 x 25,98 = 49,882
m®/s

Tren mot hang md ¢ 7 mo vay tong luu lugng
khi can cdp cho mdt hang mé tiéu ning 1a:

Qa =7 X Qam = 349,171 m%/s

b) Tinh todn kich thuéc éng dan khi chinh:

Tinh theo cdng thirc (2) ta co:

o, _ Q. 349171 _ 6,983(m?)

V, 5

Dién tich mit cit ngang 6ng dan khi chinh
tuong ddi 16n nén ta b tri hai dng dan khi & hai
thanh bén cua bé tieu nang, dién tich téi thiéu
cia mdi ong 1a: o, =3,492(m?)

C) Chon kich thu’(fc d%g dan khi chinh:

Chon ong mit cét chir nhat, kich thudc mdi
6ng dan khi chinh tinh theo cong thirc (4):
=B, xt,=> tachon B, xt,=3,8x1,0=

3,8m

Khi d6 van téc khi trong 6ng dan khi chinh
lic nay la: V, = 45,94(m/s)

d) Tinh todn kich thuéc éng dan khi nhéanh
(tir Ong dan khi chinh (Ba X ta) dén cdc mdt bén
Ciia mé tiéu nang): (d)

Tinh theo cdng thirc (5) ta co:

= Qn _ 49882 998(m?)

[0)
2y 50

Dién tich mat cat ngang 6ng dan khi nhanh
tuong d6i 1on nén ta b tri hai 6ng dan khi ¢
phia trong hai mat bén ciia mé tiéu nang, dién
tich a’gm thiéu coa mdi o6ng &
0,,'= =0,499(m’ )

e) Cf‘%n kich thudc ong dan khi nhanh:

Tinh theo cdng thirc (7):

d, = 2\/ Daz_ _ 2\/ 0499 _o797(m) =
b4 314

ta chon d, = 0,8 (m)

Khi d6 van toc khi trong 6ng din khi nhanh
la: V, =49,62(m/s)

Pong thoi ¢ trén dinh va 2 mat bén cia md
tiéu ning, ta chira cic 16 tron duong kinh

ds = 25cm, thdng tur 6ng dan khi nhénh (d;) dén
cac mat ngoal cia md tiéu ning, dé cap luong
khi can thiét vao budng khi sau céc mo tiéu
nang, han ché dugc khi thuc tai cac md tiéu
nang.

/) Tinh dj chdn khéng trong dwong ong din
khi chinh (Ba X to):

Do chan khong trong duong ong din khi
chinh (Ba X t;) dugc tinh theo cong thire (8):

V6i V, = 45,94m/s. Tinh toan cac hé 50 ton
thit ap suat theo cac cong thirc thity luc thong
thuong (tham khao [1]) ta co: tai cira vao
£y =05 tai chd udn congé,=1,1; doc
duongé, =0,88

:>Z§i =&cy +8uc +6q =2,48;=> pa= 0,536

=> he = 0,480m < 0,5m dam bao 6n dinh
trong dudng dng dan khi chinh.

g) Tinh todn dg chan khéng ciia buong khi
phia sau mé tiéu nang:

Theo cbng thize (10): voi Vy = 49,62m/s ;

gcv =05 ; %u =l,l;§d = 0,21
=> 3¢ =181; =>p,=0597
=> Ah =0,452m

Viy d6 chan khong cia budng khi sau mé

tiéu nang la:
heaa = he + AH = 0,480 + 0,452 = 0,932m
< 1,0m d4m bao ché d¢ 1am viéc 6n dinh.

4.2.3. Tinh toan ong tiép khi cho hang mo
tiéu nang thir hai:

Theo tai liéu thi nghiém [4] ta c6 luu tdc dic
trung tai hang mé tiéu ning tht hai 14 Vpr =
5,32m/s << Vpg = 14,50 m/s (ing voi bé tong
M30) => s& khong xdy ra hién tuong khi thuc
tai hang mé tiéu nang thtr hai, vay khong can bd
tri BPTK cho hang mé nay.

4.3. Nhdn xét:

Tir két qua tinh toan & trén, hé thong 6ng dan
khi cho cac md tiéu ning véi cac kich thude B,
X ta= (3,8 x 1,0)m ; d2= 0,8m ; d3= 0,25m s& giai
quyet duoc hién tugng khi thuc tai cac md tiéu
ning sau dap tran, gilp cho cac md tiéu ning
nay lam viéc binh thuong. Tuy nhién, theo quy
pham [1] quy dinh thi d6i voi dap tran hd Nudc
Trong la cong trinh cap II, vi vay cac két qua
tinh toan thiét ké BPTK can phai dugc chinh
xac hoa thong qua thi nghiém moé hinh thay lyc.

5. Két luan:

— Khi tinh toan thiét ké b tri cac thiét bi
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phu trg trong bé tiéu ning & sau cac dap tran
cao, luu lwong don vi 16n, can phai c¢6 cac giai
phép va tinh toan thiét ké BPTK cho cac thiét bi
tiéu ning dé chung bao dam an toan vé khi thuc
trong qua trinh van hanh.

— Phuong phéap néu trong bai nay c6 thé ap
dung dé tinh toan thiét ké so bo BPTK tai cac
mé tiéu ning sau dap tran. Con dbi voi nhiing
cong trinh théo nudc tir cp 11 tro 1én, cac két
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Abstract:
SOLUTIONS OF PROTECTING CAVITATION FOR ENERGY DISSIPATERS
BEHIND HIGH SPILLWAY, APPLIED IN NUOC TRONG SPILLWAY.

When designing absorption basin of high spillway and high specific capacity, arrangement of
auxiliary energy dissipaters in basin (abutment, bar...) helps to improve energy dispersal condition,
decrease depth and length of basin. However, these energy dissipaters are destroyed by cavitation.
So calculating solutions of protecting cavitation for them is necessary in design.

This article presents method of air pipeline arragement and calculation for energy dispersal

abutments — applied in Nuoc Trong spillway.
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