TINH TOAN THIET KE THUY LUC THAP PIEU AP CUA TRAM BOM

PTS. Luong Tudn Anh, KS .Tran Bich Nga
Trung tam Nghién ctu Thiy vin

bé’ glam nguy co ngap lut & thanh pho Ha NOl trong mua mua, mot cong
trinh ddu ma&i quan trong trong dy an "Thoat nudc va céi thién moi trudng thanh pho
Ha Noi" 1a viec thiét k& xay dung tram bom Yén S& d€ bom nudc tr hd Yen SO ra
sOng Hong khi hudng thoat chinh truGc day theo phuong phap tu chdy ra song Nhue
khong thé thyc hién dugc.

Tram bom Yeén SG& theo hé so thiet k& giai doan I[3], gdm cac may bom voi
tng cong sudt thiét k& 45 m’ *fs, thap diu ap va 3 duong hiam ap lyc qua de hinh
vuong, kich thudc 3m x 3m cd cao do day 2,5 m (hinh 1). Thap, diéu ap dugc xay
dung d€ 1am gidm 4p luc nudc va len cic khoa ctia may bom khi cic miy bom bat
diu hodc ding hoat dong dot ngot. Tinh toan thi€t k& thuy luc thap diéu ap cua tram
bom 14 viéc xac dinh kich thudc cha thap thong qua viec tinh toan su dao dong cua
nudc trong thap dléu ap.

1. Cac phuong trinh co ban
He phuong trinh co ban d€ tinh toan dao dOng cta nudc trong thap diéu ap la
phuong trinh Bernoulli ddi véi dong chdy khong 6n dinh [1]:

(2) Phuong trinh dong luc:

Z=h, +h =h, + =Y 1)
g dt
Trong dé: ‘
7 Po cao nude dang hodc nudce ha trong thap so voi mic 6n dinh, m;
hw:  Téng tén that cot nude trong dudng him qua de, m;
he Tén that do quan tinh, m.

Néu bd qua tén that cuc bo, phwong trinh (1) ¢6 thé viét thanh:
\% dv,

Z - )\‘_I_J_ hd -+ L 8

4R 2g g dt

v, _Z

hodc: = == - — V| (2)
dt L -8R
Trong do:
% He so t6n that doc dudng.
I: Chiéu dai cia duwong ham qua de, m.
R: Ban kinh thuy luc cia dudng him, m.

V. Van toc dong chay qua duong hiam, m/s.
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(b) Phuong trinh lién tuc:

Hinh 1: So' dé tram bom Yén So

Qr=0Q, +Q, ‘ 3)

Trong d6:
Qp:  Luu lugng ctia cac may bom?
Qi :  Luu luong nudc vio thap;
Qs Luu lwong nude chdy qua dudng him.

Luu lwgng chay vao thap dugc tinh tir phwong trinh:

: dz
Q=V,. W, =— W,
dt

Trong db: ‘
Wi Mit cat ngang cla thap diéu ap,

Vv, = % Van téc dong chdy trong thap.
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Luu lwong chdy qua dwong hdm duoc tinh theo cong thic:
Q.=V, W,

Nhu vay, phuong trinh (3) dugc viet dudi dang:

dz
=W, 22+ WV,
QP 1 dt s §
W
hay _idz = .QL - _“_‘\/g (4)
dt W, W,

Phuong trinh (2) va (4) tao thanh h¢ phuong trinh vi phan co bin dé tinh dao
" dong nude trong thap didu ap. Nghiem clia h¢ 1a Z(t) va V(1) voi diéu kien ban dau
cho trude Z (t=0) = Z,; Vi(t=0) = V. '
Tinh toan dao dong cta riwde trong thap diéu ap duge thyc higén cho hai
truong hop:

Bom bat ddu hoat dong déng thoi:
Cic diéu kién trong truong hop nay nhu sau:
Q, =Q, =45m’/s
Vso = 0

dV< gZ )\‘ 2

= &£ . ___\]q
dt L S8R (5}
z _Q W,

Bom dung hoat dong dot ngot:

Cac diéu kién cho trudc trong truong hop ndy nhu sau: Qp = 0;
Vo = Vo =1,677 m/fs; Z, = hw,. H¢ (2) va (4) cO dang:
ERR A
t
(6)
_d_‘_Z‘ - - WS VQ .
dt w,
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2. Phuong phap giai hé phuong trinh vi phan

He phuong trinh vi phan (5) hoac (6) duoc gidi bing phuorng phap Runge-
Kutta [2]. Theo phuong phap Runge-Kutta bac n, thuat toan gidi he (5) hodc (6) dugc
thuc hién nhu sau:

Buoc I: Tinh;
AV, = Atf, (Z;, V)

i

A7' = A, (V)

Buoc k: AV} = At f, (ZJ + k- IAZ(k-l)’ v, + k- IAVS(H))
n ) n
AZ" = At f, (v;i + ﬂAvgi‘k'“)
’ n :

Nghi¢m s6 ctuia h¢ doi vai bude thoi gian At duge tinh nhu sau:
Vsj+1 =V * AV,

sj

Z,=Z, +AZ
Trong do6:
AV, =3 v, . AV
k=1
AZ=73"y,.AZ®

k=1
j Chi so thoi gian.
v TrongsGvoi Dy, = 1
k=1

(voin=3; y,=0,25; v,=0;v; =0,75).

3. Két qua tinh toan

Muc nuéc ngoai dé song Hong (ng véi tin sudt thlet k¢ 10 nam lap lai
Zo = 11,6 m dugc lya chon [a myc nudc chudn 6n dinh cha thap. Cac diéu kién cho
trude la:
- Chi€u dai dudong ham: 180 m.
- He¢ s0 nhAm Manning: 0,014.
- Kich thude mat cit cla thap diéu ap W, = 6m x 58,35m.
- Kich thudc mjt cit cda duong him: 3 (3m x 3m).

Qua trinh tinh toén duge thuc hi¢n voi khodng thai gian At = 1s. Két qua tinh
toin dugc thé hien & hang 1.
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Hinh 2.1. NUGC VA KHIBOM BAT DAU HOATDONG PONG
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Bang 1. Két qua tinh toan dao dong muc nudc trong thap diéu ap
ctia tram bom Yén S¢

‘
Tmax

Theo két qua tinh toan & bang 1, chiéu cao t5i thifu cia thap 1a:

H=Z, + Zmax = 11,6 42,079 = 13,679 m.

Néu chon muc nudc ngoai de song Héng tmg voi tin sust 100 niam lap lai
7, =13.5m, khi d6 chiéu cao t6i thi€u cla thap diéu ap la:

13,5m +2,079m = 15,579 m

Qua trinh V1), Z(t) tinh toan dugc th€ hieén & hinh 2.

Nhu vay, co6 thé ting dung thuat toan vira trinh bay trong viéc tinh toan thiét
k& thap diéu ap. Phuofng phap tinh toan don gidn, két qua tinh toan lai th€ hién duorc
bén chat vat 1y clia hién tugng nudc va khi bat ddu hoac dimg dot ngot hoat dong cda

- tram bom.
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Trang théi Zo . Zmax Tmin Zmin‘
(m) (s) (m) (s) (m)

Bit ddu hoatdong | - 11,6 25 1,996 73 -1,219

Dirng hoat dong 11,6 73 2,079 25 -1,888
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