NGHIEN CUU BIEU KIEN KHi HOA VA KHi THUC G CAC MO0 TIEU NANG
SAU CONG TRINH THAO NUOC

Nguyén Chién ', Vii Ba Chi '

Tom tat: CAC mé tiéu nang dwoc bo tri sau cong trinh thao nude c¢é ché dé noi tiép ha heu la
chay day ( qua bé tiéu ning ). Do ché dé chay bao quanh cdc mé thirong 14 khdng thudn dong nén
tai ddy rdt dé phdt sinh khi héa dan dén khi thwe lam hie héng mé. Trong bai ndy trinh bay phuong
phap tinh todn diéu kién phdt sinh khi héa, khi thwc & cdc mo tiéu ning cé mdt cat hinh thang, ing
VGi Vi cdc cdp e lrong don vi va C&C cdp nang lwong todn phan khdc nhau. Tir 36 xdy dung duwoc
biéu dé xdc dinh trang thdi khi héa trén mé tiéu ndng, la co sé dé lwa chon gidi phdap hop 1y cho

thiét bi tiéu nang phu sau céng trinh thao nusde.

Tir khéa: cong trinh thao nwdc, khi héa, khi thuc, mé tiéu ning.

1. it van dé

Dong chay qua cong trinh thdo nudc do
xudng ha lwu voi ning luong thira 16n c6 thé
gay X0i l& manh 10ng dan ha lyu va lan vao dén
cong trinh. Péi voi cong trinh thdo nude co ndi
tiép ha luu dang chay ddy, bo phan dé tiéu hao
ning luong 14 bé tidu ning, tudng tiéu ning hay
bé tuwong két hop. Trong nhiéu trudng hop cac
mé tiéu ning dugc bd tri & day bé tiéu ning dé

tang kha nang xao tron dong chay, lam cho nang
luong thira duge tiéu hao nhiéu hon, do d6 giam
dugc chiéu sau dao bé, chiéu cao tudng va rit
ngan dugc chiéu dai bé.

Nhung ban than cac md 1a vat chay bao
khéng thuan, khi gap ludng cha luu c6 luu toc
I6m s& sinh ra hién twong tach dong, dan dén khi
hoa va khi thyc 1am hong md ( hinh 1).

. Hlnh 1: Khi thu’c tai mo tleu nang[3]

Trong tinh toan va nghién ctru giai phép tiéu
ning ddy cho cac cong trinh thao & nudc ta
trudc day van dé khi thuc tai cac md tiéu nang
chua dugc quan tam nhiéu. Tuy nhién viéc xay
dung ngay cang nhiéu cac dap tran cao, luu toc
dong chay cu6i mat tran hay doc nude 16n doi
hoi phal xem xét day du hon vé kha nang khi
hoa va khi thuc tai md tiéu ning. Noi dung
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nghién ciru sau day nham chi rd cac diéu kién vé
nang luong toan phan va luu luong don vi cua
dong chay co thé gay ra khi hoa, khi thyc & mé
tiéu nang sau dap tran, doc nudc.

2. Noi dung va phuwong phap nghién ctru.

2.1. Ludn diém chung.

Déi tuong nghién ciru 1a cac mé dit ¢ day bé
tiéu ning dé ting kha ning khuéch tan dong
chay, 1am giam nho kich thudc bé tiéu ning.
Noi dung nghién ctru la xac dinh kha nang phat
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sinh khi hoa, khi thuc tai md tiéu ning.

Phuong phap nghién ciru: tinh toan diéu kién
phét sinh khi hoa, khi thuc tai md tiéu ning theo
TCVN 9158:2012 [1], st dung tai lidu thiét ké
va sb liu thi nghiém cua mot sO cong trinh thao
nudc d4 co [4] va ddi chiéu két qua tinh toan voi
céc tai liéu khac (vi du [5]).

a) Piéu kién phdt sinh khi héa:

Hién tuong khi hoa trong dong chay sé xay
ra khi théa man diéu kién:

K < Kpyg,

trong do:

Kpg: hé s6 khi héa phan giéi, phu thuoc vao
dac trung hinh hoc cta vat chay bao.

K: hé sb khi hoa thuc té, xac dinh theo cac
diéu kién thuy lyc tai vi tri cia vat chay bao.

b) Piéu kién phat sinh khi thie: Khi thuc s&
xay ra khi c6 khi hdéa du manh, tdc dung trong
thoi gian du dai va dong chay ¢ 1an can vat chay
bao thoa man diéu kién:

VDT > Vng i ( 2 )

trong d6: Vpr 1a luwu toc dic trung cta dong
chay tai by phan cong trinh dang xét; Vg 1a luu
tdc ngudng xam thyc, phu thudc vao do bén cla
vat li¢u.

2.2. Xdc dinh kh4 ning khi héa ¢ mé tiéu ning.

2.2.1. Cac cong thiec tinh todn:

a) Hé s6 khi hoa phan gidi: Tri s6 Kyg dugc
xac dinh theo [1], d6i voi md hinh thang néu
ché do chay qua md 1a khéng ngap thi Ky =
2,1. Truong hop c6 xét dén nude nhay ngép thi:

(Kpghh = Kpg - (o, -1), (3)

trong d6 ung voi mé hinh thap hé sb
o =0,64, thay vao ( 3 ) duoc (Kyg)n=2,036.

b) Hé sd khi hoa thuc té: Theo [1], tri s6 K
duoc xac dinh theo cong thuec:

(1)

HDT—_ZHDQ, (4)
Ve,

29

trong d6: Hpr- Cot nude ap luc toan phﬁn dac
trung, Hpr = Ha + h; Ha- ¢Ot nudce ap luc khi
troi, phu thudc vao cao do diém tinh toan; h-
chiéu day 16p nudc trén dinh m tiéu ning, xac
dinh theo tinh toan thuy luc; Hyg- €Ot nudce ap
luc hoa hoi, phu thuéc vao nhiét do; Vpr- luu
téc dic trung cua dong chay tai bd phin cong
trinh dang xét.

c) Hé s0 giai doan khi hoa dugc xac dinh nhu
sau:

po

Py
trong d6 ky hiéu cac dai luong nhu da néu
trén. Khi B > 1: khéng c6 khi héa; = (0,8 -
1,0): khi héa ¢ giai doan dau; 8= (0,1 — 0.8):
giai doan khi hoa manh; f <0,1: giai doan siéu
khi hoa.

2.2.2. Xdc dinh pham vi nghién Curu:

Tién hanh tinh toan cho cac truong hop nhu
& bang 1, trong d6 ning luong toan phan cia
dong chay (Eo) bién doi tir 10m dén 120m, luu
luong don vi (q) bién thién tir 10 dén 180
m3/s.m, 1& phé bién véi cac cong trinh thao nude
da xay dung ¢ Viét Nam.

Dang mb tiéu ning chon loai thuong st dung
hién nay 12 md c6 mat cat hinh thang dat o day
bé tiéu ning, ¢ chiéu cao hy. Theo kinh nghiém
cta cac cong trinh d@ xay dung nhu dap Nudc
Trong ( hm = 4m, he = 2,615m, hy/he = 1,53),
tran Ta Trach ( hy = 3,2m, he = 2,42 m, hy/h, =
1,32), ta lay binh quan hy, = 1,4.h.. Hé s6 nuéc
nhay ngap la o, =11.

K=

(5)

Bdng 1: Cdc truong hop tinh t0dn img véi cdc cdp nang heong va luu leong don vi.

Truong Truong Truong Truong Truong Truong

Truong hop 1 hop 2 hop 3 hop 4 hop 5 hop 6 hop 7

Eo q Eo q Eo q Eo q Eo q Eo q Eo q
10,00 20,0 20,0 40,0 40,0 60,0 80,0
20,00 40,0 40,0 60,0 60,0 80,0 100,0
10| 30,00 20| 60,0 | 40 | 60,0 | 60 | 80,0 | 80 | 80,0 |100|100,0|120|120,0
40,00 80,0 80,0 100,0 100,0 120,0 140,0
50,00 100,0 100,0 120,0 120,0 140,0 160,0
120,0 120,0 140,0 140,0 160,0 180,0
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2.2.3. Tinh toan xdc dinh kha nang khi hoa,
khi thuee tai mo tiéu ndng:
So dd tinh toan nhu trén hinh 2. Ta c6 do6 sau
co hep he & dau bé:
q
h, = (6)
Q)\/Zg (EO - hc)

Trong thuc té van tc tai mit cit co hep rat

I6n nén s& khong bd tri cac md tidu ning ngay
tai miat cat co hep C — C vi dé gay ra hién tuong
khi thuc, ma bd tri cach mit cat co hep mot
khoang cach x;. Khi d6 dong chay bao quanh
md c6 luu toc 1 V = Vg < V., Vg duoc xac
dinh bang thi nghiém thity Iyc, vi du nhu & ho
Ta Trach Vg = 24,39 m/s, & hd Nude Trong c6
Ve = 24,66 + 25,89 m/s...

Hinh 2. So' d6 xdc dinh Ve 6 mé tiéu ning

Trong diéu kién chua c6 thi nghiém mé hinh,
Ve dugce ndi suy tuyén tinh voi gia thiét rang
trong doan nudc nhay, ranh gidi gitra dong chu
luu ( sat day ) v6i phan nudc cudn phia trén la
duong nude dang Co Xuat phat tir mat cit C — C,
g v&i d6 ddc ddy bé i=0. Do dong chay bi co
hep manh theo phuong dtng nén Iy luu tdc cuc
b tai md Vg bang luu tdc binh quan mat cit
ngang trong ludng chi luu. Ung véi mdi truong
hop tinh toan, tién hanh vé duong nudc dang Co
va xéac dinh luu toc tai md tiéu ning dat cach

mat co hep (C — C) 1 doan x,=3,5. ¢

Do sau nude trén dinh md duoc suy tir cong
thire (6-25) cua [3] nhu sau:

h=on {0,85[1—0,553/%—1J\/'§—7— 2}1k —n (7)

Véi: hy 1a d6 sau ha luu, 1ay hy = . h, (lay
o =1,1); hyn: chiéu cao md tiéu ning, & day lay
theo kinh nghiém hy,=1,4.h..

Két qua tinh toan xac dinh kha ning khi hoa
va khi thuc cho mé tiéu ning cho cac trudong
hop néu ¢ bang 1 dugc trinh bay & bang 2 va
hinh 3.

Bang 2. Két qud tinh toan kiém tra khi héa va khi thyee tai mé tiéu nang hinh thang

Eo(m) | g (m/sm) (\r;d/;) (':ﬁﬁ K| B =Kk K:t?iriar;g mihlff i)
10.00 11.93 | 12.65 | 1.68 0.83 Bat dau Khéng
20.00 11.70 | 14.22 | 1.97 0.97 Bat dau Khéng

10.00 30.00 11.12 | 14.99 | 231 1.13 Khong Khong
40.00 10.22 | 14.98 | 2.73 1.34 Khong Khong
50.00 8.23 | 13.33 | 3.73 1.83 Khong Khong

20.00 20.00 17.02 | 13.74 | 0.90 0.44 Manh Cé
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Vit Hat Kha nan Kha nan
Eo(m) | a(mrsm) o Loy || AR | gy wéa | kni thuc i)
40.00 16.95 | 16.59 | 1.10 0.54 Manh Co
60.00 16.56 | 18.47 | 1.29 0.63 Manh Co
80.00 15.94 | 19.59 | 1.48 0.73 Manh Co
100.00 15.14 | 19.69 | 1.67 0.82 Bit dau Co
120.00 14.05 | 19.40 | 1.88 0.93 Bit dau Co
20.00 2294 | 11.72 | 0.42 0.21 Manh Cé
40.00 24.04 | 15.00 | 0.49 0.24 Manh Co
40.00 60.00 2434 | 17.67 | 0.57 0.28 Manh Co
80.00 2433 | 19.91 | 0.65 0.32 Manh Co
100.00 2422 | 21.84 | 0.72 0.35 Manh Co
120.00 24.04 | 2350 | 0.78 0.38 Manh Co
40.00 32.26 | 12.95 | 0.30 0.15 Manh Co
60.00 32.08 | 15.71 | 0.35 0.17 Manh Cé
60,00 80.00 31.91 | 18.15 | 0.39 0.19 Manh Co
100.00 31.73 | 20.35 | 0.44 0.21 Manh Cé
120.00 31.54 | 22.34 | 0.48 0.24 Manh Co
140.00 31.36 | 24.16 | 0.52 0.26 Manh Co
40.00 32.18 | 10.93 | 0.20 0.10 Manh Co
60.00 33.34 | 13.65 | 0.23 0.11 Manh Cé
80,00 80.00 33.96 | 16.12 | 0.27 0.13 Manh Cé
100.00 34.28 | 18.38 | 0.30 0.15 Manh Co
120.00 34.39 | 20.48 | 0.33 0.16 Manh Co
140.00 3455 | 22.43 | 0.36 0.18 Manh Co
60.00 36.51 | 11.63 | 0.16 0.08 Manh Co
80.00 37.35 | 14.06 | 0.19 0.09 Manh Co
100.00 100.00 37.86 | 16.32 | 0.22 0.11 Manh Cé
120.00 38.19 | 1844 | 0.24 0.12 Manh Cé
140.00 39.18 | 20.44 | 0.26 0.13 Manh Co
160.00 38.55 | 22.33 | 0.29 0.14 Manh Cé
80.00 40.27 | 12.04 | 0.14 0.07 Manh Cé
100.00 40.95 | 14.27 | 0.16 0.08 Manh Co
190.00 120.00 41.41 | 16.38 | 0.18 0.09 Manh Co
140.00 41.73 | 18.38 | 0.20 0.10 Manh Co
160.00 41.96 | 20.29 | 0.22 0.11 Manh Cé
180.00 4213 | 22.12 | 0.24 0.12 Manh Cé
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*) Ung voi vat liéu mé 12 bé tong M25
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Hinh 3: D6 thi xdc dinh trang thai khi hoa tai mé tiéu nang
(1) — Vang khdng xudt hién khi héa; (II) — Viing khi héa giai doan dau;;(III) — Vung khi h6a manh.

3. Phan tich két qua tinh toan.

3.1 Vé kha ning khi héa ¢ mé tiéu nding.
Nghién ctru cho loai md tiéu niang mit cat hinh
thang trng v&i cac cap nang luong va luu lugng
don vi khac nhau cho thay:

a) Kha ning khi héa & md tiéu ning phu
thudc nhiéu vao ning lugng toan phan cua dong
chay tinh dén cao trinh day bé tiéu ning ( Eo ).
Khi Eg < 10 m thi tai m tiéu ning khong phat
sinh khi héa hoac chi c6 khi hoéa & giai doan
dau.

b) Khi Ey > 20m thi c6 khi hda manh ¢ md
tiéu nang, kha nang khi thuc 1 rat 16n. Tri sé Eo
cang I6n thi kha nang khi hoa cang manh mé.
Cu thé véi Eg = 20m thi khi héa manh xuét hién
khi g < 100 m*/m.s. Con vé6i Eq > 40m thi khi
hda manh bat dau xuat hién & tat ca cac cip luu
lugng don vi dugc xem xét.

¢) Kha ning khi héa & md tiéu ning co phu
thudc vao luu lugng don vi, nhung khong nhiéu,
su phu thudc ndy giam dan khi Eq ting. Voi cap
Eo thap, tri s6 q cang nho thi kha niang phéat sinh
khi héa cang nhiéu. Con khi Eo > 20m thi s& co
khi h6a manh véi tat ca cac cap luu lugng don
vi nghién ctru va tri sé B ( phan anh giai doan
khi héa ) thay d6i rat it theo q ( bang 2 ).

3.2 Khd néing khi thuc tai mé tiéu ning.

Khi thyc xay ra khi c6 khi héa va luu toc dic

trung thoa man diéu kién (2). Vé&i vat licu
thudong dung cho bé va md tiéu ning 1a bé tong
M25 khi khdng c6 tiép khi (S =0 ) 1a Vo =
12,1 m/s ( theo [1] ), do d6 khi Eq < 10m s¢&
khdng cé khi thuc, con khi Eg > 20m thi sé c6
khi thuc.

Néu chon vat liéu mé tiéu ning 1a bé tong
M35 thi ¢ Vg = 17 m/s (tng v6i S = 0 ) va khi
thuc s& xay ra khi Eo > 40m, do d6 van phai ap
dung cac bién phap phong khi thuec.

Trong thiét ké c6 thé chon cac giai phap khéc
nhau dé phong khi thuc ( xem [3] ), hoic ciing
c6 thé xem xét phuong an khong lam md tiéu
ning ma ting kich thudc bé dé dam bao dicu
Kién tiéu ning. Vi du quy pham thiét ké tran xa
li SDJ 341 — 89 caa Trung Qudc [5] khuyén céo
khi Iuu téc trung binh tai mat cit cudi mit tran
I6n hon ( 16 — 18 )m/s thi khdng b tri md tiéu
ning trong bé. Piéu ndy phu hop voi két qua
nghién ctru kha nang phat sinh khi thyc ¢ trén.

4. Két luén.

1) Viéc bd tri cac md tiéu ning sau cong
trinh théo nudc c6 ndi tiép chay day co tac dung
l6n trong viéc hd tro tiéu ning, giam duogc kich
thudc cua bé tiéu ning. Tuy nhién trong thiét ké
can kiém tra diéu kién khi héa va khi thuc tai
day dé co bién phap xir 1y can thiét.

2) Kha niang xuat hién khi hoa & cac mé tiéu
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nang phu thudc vao luu lugng don vi va ning
luong toan phan cua dong chay d6i véi day bé
tiéu nang. V&i loai md hinh thang vudng, quan
hé B = f(q, Eo) dugc biéu dién trén hinh 3. Biéu
dd hinh 3 c6 thé str dung trong thiét ké so bo dé

3) Khi ning luong toan phan cia dong chay
I6m, diéu kién dé phong khi thuc 1a phtc tap va
t6n kém thi nén xem xét phuwong an khong lam
mé tiéu nang trong bé. Khi d6 kich thudc bé
phai chon 16n hon trudng hop ¢6 md tidu ning.

Phuong an hop ly dugc lwa chon thong qua so

phén tich lya chon giai phap ti€u nang sau cong ’
sanh kinh té ky thuat.

trinh thao nudc.
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Abstract
COMPUTATION OF CONDITIONS CAVITATION AND CAVITATION EROSION
IN THE DIFFUSIONS BEHIND OUTLET

The diffusions are arranged behind outlet have downward is flowing bottom (throught
drainage). Therefore the flow regime around the the diffusions are not convenient so very likely to
occur cavitation. In this paper presents methods of calculation arising cavitation, and cavitation
erosion in the diffusions of abutment of trapezoidal cross-section, corresponding to the unit-flow
and the total energy — flow. From that may be built the chart to determine the status of cavitation
at diffusions, that is the basis for the selection of a reasonable solution for device after drainage
works.

Keywords: discharge structures, cavitation; cavitation erosion; diffusions.
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