UNG DUNG HE PHUONG TRINH KHUECH TAN PE TINH TOAN
PUONG MAT NUGC TRONG SONG \

PGS.PTS. Ngo Trong Thuan
Vien Khi tuong - Thuy vin

1- Cosé

H6 chtra Hoa Binh thuoc cong trinh thity dién d4 hoan thanh va di vao van
hanh trong mot vai nam gin day. Trong diéu kién xa Idi, dzc biet 12 phdi x4 1d 16n,
hée thong dé & ha Ivu song Pa c6 nguy co bi uy hiép do muc nudc dang cao. Do do.
viec xac dinh duong mat nudce khi x4 18 cao 1a mot van dé rdt ¢6 § nghia trong
cong tac bdo ve deé nobi rieng va cong tac phong i & ha luu song Pa néi chung.

bé xac dinh dudng mat nude trong song, ¢6 thé st dung phuong trinh Saint
- Venant mot chiéu:

- Phuong trinh lién tuc:

% IA
2y =0 (D
0 X ot

- Phwong trinh chuyén dong:

2
1 0Q Qzay a({&Q_aQ}%+6_y+S_S 0 (2)
gA Ot gA ot gA® Ox gA’ O0x ., 0x

Trong d6: Q - Luu luwong (m3/s),
A - Dien tich mat cit u6t (m?),
y .- Do sau dong chay (m),
St - Po dée thuy luc, |
Se - Do doc 1ong song,
a - He s6 sira chita dong nang, c6 thé chon o = 1.

Néu bd qua thanh phan quén tinh trong phuong trinh (2), thi he ph\xofng trinh
trén trg thanh he phuong trinh khuéch tan sau:

3Q
=0 3
ox 0"’t 3
oy . ’
x S;- S, @)

Trudc day, viec nghién ciru thuong tap trung va khdo sat toan hoc, tim phuong
phap gidi gan dang he phuong trinh thiy dong luc (1), (2) ddy du cae thanh phan.
Nhitng két qua nghién ctu gin day cho thdy, nghiém gin diing cla phuong trinh
khuéch tan c6é d6 chinh xac twong dwong vGi nghiém cta hé phuong trinh (1) - (2),
trong ci trudmg hop song 1ii 13 song x4, trit khi ¢6 dnh hudng cla thuy triéu [1, 2,
3]. Do d6, co thé tng dung hé phuong trinh (3), (4) d€ tinh toan dudng mat nudc
clia doan Hoa Binh-Trung Ha. Hién nay, mot trong nhitng phwong phap hieu qua
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d€ giai phuong trinh song dong luc hoc v séng khuéch tan 1a phuong phap phan ti
hitu han [1, 2].

Theo phuong phap phén ti huu han, trong khodng (X, Xiu), cc dn s6 cla
phuong trinh lien tuc (3) dugc x4p xi theo ham noi suy N(x) nhu sau:

[AGD = Nix) Ai(t) + Ni+1(x) Ai +1() ®)
Q(x,1) = Ni(x) Qi(t) + Ni+1() Qi +1()
“Trong d6: N,(x)= Z(_ﬁAl_;'_’f ; N ()= XA-X?(i

1

AxX; = AXiy - X3 = d0 dai cla phén tg.
P& xdp xi khong gian cho phuong trinh lién tuc, &p dung phuong phap
Galerkin d6i v&i phuong trinh (3) thu dugc:

Ax;
’J;(?’—Q f—A)Nidx -3 (59- +—55)N-dx ©)

| ox o 5o \ox ot/ i

Trong d6: L - Do dai doan song cén tinh,

_ N, - S6 cic phén tg.

Thay A(x, t), Q(x, t) tir (5) vio (6) va xét mot phan tlk s€ co:
X, éNj
fIN.— {Q} + N.N. {A}| dx =0 (7
X, 1 ox 1] i

0

Trong d6: A 1aky hiéu dao ham theo thoi gian.
D& dang tinh dugc ring:

f( ﬁNj [-1/2  1/2]
X1N17 dx. {Q} = L-l/2 1/2J{Q}

[1/3 1/6]

L1/6 1/3J{A}

T(Ni NJ.) dx. {A} = Ax

X1
Sau khi téng hop cac thanh phin c6 thé dua vé dang phuong trinh vi phén sau: -
. [/3 1/6] (A, [-1/2 1/21{Q,} . .
+ =
*lire ws)la,] Tlasz v2]le, ®)
Néu x4p xi dao ham theo thoi gian bang so d6 hién nhu sau:
A, % [ Aua - AJ/2 thi phwong trinh (8) trd thanh:
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Ax [1/3 1/6] [A, Ax [1/3 1/6] [A, -1/2 1/2] (Q
A = - ©)
t [1/6 1/3]|4A,],,, At [1/6 V/3[[A,| [-1/2 1/2]|Q;],

Phuong trinh (9) 1a phuong trinh viét cho mot phin t . Néu k¢ hiéu:

(13 /6] Ax v (-2 /2]
[E] _|_1/6 1/3] At [Q] *L-I/Z 1/2

thi phuong trinh (9) tr& thanh phuong trinh dai s6 tuyén tinh sau:

[Fal {A}oa = [Fal {A), - [Fol {Q), 10)

An s6 phdi tim 13 {A }ua. V€ phdi duge xac dinh theo diéu kien ban ddu 1a cac
dai lugng da biét, do d6 c6 thé gidi phuong trinh trén bing cac phuong phap gidi
hé phuong trinh dai s6 tuyén tinh thong thuong.

Viét phuong trinh (7) cho 2 phin t (3 diém), sau khi téng hop cic hé s6 c6 thé
dwa vé dang (10), trong do: '

[ A A
X A% 0
3 6
Ax, Ax, + Ax, Ax,
(5] = 6 3 6 ’
Ax, Ax,
|0 6 3
11 ]
——~ =0
2 2
, 1 1
Fl= |3 0 3
o 11
L 2 2]
Al Ql
{A}:‘ A,f s {Q}: Q,
A3 Q3

1 Ax, 2 Ax, 3
So do 1: Hai phén t&, ba diém: | |
PT1 PT2

Trong truwong hop doan Hoa Binh -Trung Ha dﬁgc chia thanh 13 phéin t&

 (14 diém) nhu so.d6 2 - bang 1, cAc ma tran cb dang sau:
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Ax, A% 0
3 6
Ax; Ax, + Ax, Ax, 0
6 3 6
0 Ax, Ax, + Ax;  Ax, 0
6 3 6
Ax Ax, + Ax, Ax
[F.] = Llo 0 2 o
~l t 6 3 6
Ax,, Axy, + Axy, Ax,
........................ . 3 .
0 0 Ay Axy
6 3
i :
r 3 o 3
Al Ql
Az Qz
A Q,
w=1"r s @
LA L Qu
i ]
1 1 ,
- = 0. 0
2 2
1 1
-—— 0 — 0 .. 0
2 2
1 1
0O -—— 0 = 0
2 2
1 1
[F] =0 o0-2 05 0
0 ! 0 1
---------------------------- —2 2
. 11
.................................... 5 3
L i

Nhu vay, phwong trinh (10) véi diéu kién ban ddu Q, = Qo va diéu kién bién
Qi = Q, c6 thé tinh dugc dien tich mjt cit tai thoi di€m (t+At) 12 Aya. Liru lugng
tai cac diém tinh dugc x4c dinh theo cong thirc Manning nhu sau:
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L[S, @+ay]”

. /3
Qt+At) =— At + A’ (11)
Trong d6: P((t+At) - Chu vi u6t, xac dinh theo A(t+At),
Se(t+At) - Do doc cén (do doc thiy lyc) xac dinh t phuorng
trinh chuyén dong (4):
S;(t+At) = S (ﬁyj (12
f( ) 0o - a X e )

Vi y 12 do sau dong chdy, xac dinh theo A(t+At).

Theo so dd tinh trén, c6 thé tinh duoc cac dic trung nhu: dién tich mat cat wot,
luu lwong va do sau dong chdy tai mdi diém tinh trong sudt qua trinh xa 1d. Muc
nude tai mdi di€ém duogc xac dinh nhu sau:

Zi=Zy Y, ‘ (13)
Trong dob: Zoi - Cao do day song. ' :

Trong tinh toan thuc t&, diéu kieén ban ddu thudng chon luu lugng Q, tai chan
li. BE xac dinh A, cho cic diém tinh, c6 th€ gid thi€t dong chdy 1a én dinh
(Q=const) va ap dung phuong phap tinh 1ap sau:
n (P ) . Q,
(8" A"

Véi r 1a bude 1ap. Qua trinh 13p dugc thuc hien cho t&i khi ddm bio do chinh xac

AT = (14)

yéu ciu.

So' dé 2: 13 phan tir, 14 diém

Bdng 1 - Vi ri cac miit cit ngang song Da (tir ddp Hoa Binh dén Trung Ha)

Thirty | Thir tu trong | Khodng cach tinh tir dap | Khodng cach giita 2 mat cit Ax;
do dac so d6 tinh (km) (km)
0 0 0
1 1 0,30 0,30
2 2 0,60 0,30
3 3 1,00 0,40
4 4 1,50 0,50
6 5 2,80 - 1,30
9 6 4,50 1,70
11 7 5,45 0,95
14 8 7,00 1,55
21 9 14,00 7,00
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31
39
45
47

10 -

11
12
13

27,70
38,85
45,00
55,00

13,70
11,15
8,15
10,0

2. Két qua tinh

Pé€ kiém nghiém va hiéu chinh mo hinh, da s& dung so lieu x4 lu thlrc t&

ngiy 19-VII-1991, trong d6 Ivu lugng xa i tai Hoad Binh 14 Qq = 11433 m *fs.

Twong ing myc nudc tai Hod Binh 13 Zyp = 23,41 m va tai Trung Ha 1a Hy =

' 16,43 m. Hé s6 nham tai cAc mit cét duge chon dé hiéu chinh mo hinh nhu sau:

Mat cét

1

2

3

4

5

6|7|8|9‘10|11|12‘13

Bo nham

0,0050

0,0049

0,0047

70,0046

0,0045

- 0,0044

Trong d6 mit cét 2 twong (ng v&i vi tri tram Hoa Binh (ctl) va mat cht 14 tuong
Gng voi vi tri trz_lm Trung Ha.

Keét qud hiéu chinh va tinh toan luu luo’ng duong mat nudc song ba duorc trinh

bay trong bang 2.

Bang 2. Két qua tinh luu luong va duong mat nudc song Da
khz Qi = 11433 m’ls
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Mt cat

Qm °fs Z (m)
1 11433 23,35
2 11430 22,84
3 11425 21,06
4 11420 20,92
5 11408 20,63
6 11390 20,59
7 11381 20,25
8 11366 20,37
9 11296 20,17
10 11159 18,99
11 11047 18,36
12 * 10986 16,60
13 10886 15,57




, So sanh v&i myuc nude thyc do tai Trung H3, sai s6 mic phdi AZ = 0,17 m,
ndm trong pham vi cho phép.

Trén co s& do, da si dung mo hinh d€ tinh toan cho 2 phuorng an sau:
- Khi lru Iugng xa tai Hoa Binh Q;= 15000 m /s
- Khi luu lugng x4 tai Hoa Binh QXa = 16000 m’fs.

Két qua tinh toan duorc trmh bay trong bang 3.

Bang 3. Két qua tinh cho hai luu luong x3

Mt ct Qu=15000m’*/s | Q= 16000 m’/s

Q Z Q Z

mfs) | m | mf) | (m)
1 15000 | 25,63 | 16000 | 25095
2 14995 | 2540 | 15994 | 25,68
3 14994 | 24,03 | 15988 | 24,62
4 14978 | 23,82 | 15979 | 24,31
5 14961 | 23,53 | 15957 | 23,86
6 14937 | 23,15 | 15928 | 23,61
7 14922 | 23,14 | 15912 | 23,56

8 14899 | 22,82 | 15886 | 23,23

9 14794 | 2279 | 15767 | 23,20
10 14589 | 21,11 | 15534 | 21,50
11 14421 | 20,33 | 15344 | 20,71
12 14329 | 19,50 | 15240 | 19,80
13 414179 | 19,39 | 15070 | 19,78

Nhu vay, voi lwu lugng x4 cla cong trinh Hoa Binh Q,; = 15000 m’/s, muc
nuoc tai khu vyc gan thi xa da vugt mic 25,00m; khi Qxa = 16000 m’/s, mu’c nudc
x4p xi § mitc 26,00m. Diéu d6 nghia 13, khi luu lu’orng x& Qs > trén 15000 m’/s, thi
xd Hoa Binh c6 kha nang bj ngap sau néu khong c6 bién phap nang cao cao trinh
miat de. :
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