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XAY DUNG THUAT TOAN VA CHUONG TRINH TiNH SONG
DUONG TRONG KENH CUA TRAM THUY DIEN

ThS. Pham Thanh Nam '; KS. Nguyén Puc Hanh ?

Tém tat: Bai bao trinh bay tém tat két qué nghién ctru xdy dung thuét toén va
chuong trinh tinh séng duong (ché dé khéng én dinh thay déi gép) trong kénh cia
tram thay dién. Thuét toan va chuwong trinh tinh toan nay la céng cu hitu ich tro
giup céac gidng vién, sinh vién va ky sw nganh Xay dung céng trinh thdy trong dao
tao, nghién ctru khoa hoc va thiét ké cong trinh.

Summary: This paper summarizes resutls on the algorthm and programme
development for calculation of positive surge in channels of hydro power project
(the rapidly change unsteady flow in open channel). The algorthm and programme
will help engineers, lectures and students of the hydraulic structure department in
trainning works, investigation and the design.

Nhan ngay 10/8/2011; chinh stra ngay 08/9/2011; chap nhén dang 30/9/2011

1. Dat van dé

Trong cong tac tinh toan va thiét ké cac tram thay dién va nhiét dién, ngoai tinh toan ché
do thay lwe trong trang thai 6n dinh, con phai gidi quyét bai toan dong khéng 6n dinh & cac cong
trinh dan nwéc nhw kénh hé, dwdng ham, giéng diéu ap, dudng éng tudce bin va kénh xa. Day
la bai toan phirc tap. V& mat co s& ly luan, dé la hé phwong trinh vi phan co ban ctia dong chay
(phwong trinh dong lwong va phwong trinh lién tuc), nhwng viéc gidi hé phwong trinh nay dé
dat mirc dd chinh xac yéu cau thi con phai tiép tuc nghién ctru.

Déi v&i dong khong 6n dinh trén kénh hé cha tram thuy dién (d&c biét 1a séng dwong), do
mang ban chét ctia séng gian doan (dong khéng én dinh bién déi gp) nén cac phwong trinh
lién tuc va phwong trinh déng lwong, mé ta sw dich chuyén clia séng gian doan, khéng phai 1a
hé phwong trinh Saint-Venant, ma dwoc viét cho mét doan dong chay ¢ chira séng gian doan.

Mét sb co quan tw van trong nwdc da thwe hién viéc tinh toan ché do khoéng én dinh doc
tuyén nang lwong clia tram thiy dién bang Microsoft Excel hodc viét chwong trinh tinh toan don
gi&n cho tirng hang muc céng trinh, ma chua cé chwong trinh phan mém déng bd. Trong khi do,
nhu cAu tinh toan, thiét k&, thdm tra, kiém dinh cac cong trinh thay dién, nhiét dién trong nuéc,
trong khu virc va trén quéc té lién quan dén bai toan thay lwc dong khong 6n dinh thay déi gap
doc tuyén nang lvong khéng ngirng tang cao.

Bai bao nay trinh bay cac két qua nghién clru xay dwng thuat toan dé viét chwong trinh
phan mém tinh toan séng dwong cao nhét trong kénh dan cla tram thdy dién. Thuat toan va
chwong trinh tinh toan nay la céng cu hiru ich tro gilp cac gidng vién, sinh vién va ky sw nganh
Xay dwng cong trinh thiy trong dao tao, nghién ctru khoa hoc va thiét ké céng trinh.

" Khoa Cobng trinh thay, Trwong Dai hoc Xay dung.
E-mail: giangnguyen9@yahoo.com
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2. Séng trong kénh dan cta tram thiy dién - Cac phwong trinh co’ ban

Thuc té k§ thuat quan tam dén viéc xac dinh cao trinh 1&n nhat cé thé hinh thanh, do két
qua cla viéc cat tai dot ngot trén kénh dan, tlr d6 xac dinh dwoc chiéu cao clia twdng bén cia
kénh dan, dé tranh nwéc tran khoi bo kénh.

Hinh 1 duéi day mé ta sy hinh thanh va phat trién séng dwong trong kénh c6 ma sat, do
cat phu tai dot ngot va toan bo. Hinh 1-a thé hién trang thai ctia dong 6n dinh ban dau trén kénh
dan. Budng mat nwéc va ton that do ma sat da duoc tinh toan. Khi cat phu tai dot ngot, séng
xa dwong lam nang cao myc nuwéc vé phia thwong Iwu dwoc hinh thanh, nhw Hinh 1-b. Theo
nhi*rng quan sat théng thuwéng, mat nwéc ab & phia ha lwu clia dau séng gan nhw ndm ngang.
Nhw vay, khi ddu séng vwon dén hé chra, dwdng mat nwéc trén toan bo chiéu dai kénh sé
nam ngang (Hinh 1-c). Tuy nhién, thé tich nuwéc bi tich lai trén kénh dan van tang 1&n dan dan
sé phai di qua dau song dé lap day vao khodng twong trng véi abe. Do tac déng nay va anh
hwdng clia ma sat, chiéu cao séng va van tbc séng sé gidm rat nhanh trén dworng di dén hd
chva. Hon thé nira, khi séng vwon dén hd chira, van tbc cia dong chady trong kénh phai thé
hién sy gidm dan tir gia tri cwe dai tai hd chiva dén gia tri khong tai cudi kénh dan, & d6 khong
con thao lwu lwong ra niva. Két qua 1a, nwéc sé tich lai dén cao trinh 1&n nhét tai cubi kénh dan
(Hinh 1-d), @i khi ngay sau lGc dau séng dén hé chira [13].
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Hinh 1. Sw hinh thanh va phét trién séng xa duong trén kénh c6 ma sét

Trong thiét ké kénh dan cta tram thuy dién can thiét phai xac dinh cac tri s6 I&n nhat va
nhd nhat clia mwe nuwéce trong bé ap lwe, cling nhw tai cac mat cat khac ctia dwdng dan, dé trén
co s& do, xac dinh cao trinh dinh cac cong trinh dan nwéc khong ap va bb tri clra lay nwéc cla
tram thuy dién. V&i moét mirc d6 chinh xac twong ddi, cé thé giai quyét theo phwong phap gan
dung cta M.D Tre-tu-xop [6, 7].

Xét trwdng hop sdng dwong trén hinh 2-a, véi chiéu cao séng Ah, di chuyén vai van tée
séng Vs, theo chiéu dong chay véi van toc ban dau Vo va chiéu sau ban dau 1a ho. Van téc sau
khi séng di qua (trong pham vi séng) 1a V (Mdi tén lién nét twong (rng véi séng thuan khi chidu
clia van tbc séng tring véi chiéu cuia van tbc dong chay ban dau; khéng lién nét (rng véi treong
hop séng nghich khi van téc séng va van tbc dong chay ngwoc chiéu nhau). S& dung phuong
phap “séng dirng” khi xét chuyén déng ctia séng thuan dwong, mbi lién hé gitra van téc song
Vs, van toéc va dién tich mét cat wét clia dong chay trwde khi séng di qua (V4 va o4) va sau khi
song di qua (V, va wy) dwoc thé hién trong phwong trinh lién tuc:
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Q =(Vs -Vy) @, =(Vs -V, ) o, (1)

Ap dung phuong trinh nay cho so d6 Hinh 2-a, khi d6 c6 thé coi nhw séng dirng yén va van
tbc dong chay ban dau sé a (V, £ V; ), con van téc trong vang song 1a (V + V), (Hinh 2-b).
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Hinh 2. So db Chuyén déng cua mét séng

Viét phuwong trinh lién tuc cho hai mat cat 1 va 2, ta co:
(V, £V5) @, =(V £V).(o, + 4hB') 2)

trong do, B’ 1a chiéu réng trung binh cla ldng dan & trong vung séng dang Ah (Hinh 2-c).

Thay vao phwong trinh (2) cac gia tri lwu lwong cla dong chay ban dau Q, = V,.w, va gia
tri lu lweng clia dong chay sau khi song di qua (trong vung séng) Q =V.((x)o +Ah.B’), ta co
phwong trinh xac dinh lwu lwong song:

AQ=Q, -Q=+V,.Ah.B (3)

Lwu y rang, trong phuong phap nay, dau (+) &ng vé&i séng nghich, con dau (-) (ing voi
séng thuan.

Viét phwong trinh bién ddi dong lwong cha dong chay trwéc séng tai méat cat 1 va trong
viing séng tai mat cat 2, ta co:

2
p.,.(V, £V )2 —p.((o0 + Ah.B/).(V Vi )2 =p.g.Ah.o, +p.0. A; B' (4)
T phwong trinh (2), rat ra:
V, +V, ).
(v v )= Yo 2Ve )00
(coo +Ah.B/)
Thay vao phwong trinh (4), suy ra:
/ 1\?
Vo= 0.2 14 3an By Tane[ B |2y, (5)
B 2 o, 2 o,

Néu bd qua thanh phan vé cung bé bac hai Ah? clia biéu thirc trong cén, ta co:

o, 3 B’
Vs :\/g.§.£1+§.Ah.—] Vv, (6)

,

0

TAP CHI KHOA HOC CONG NGHE XAY DUNG SO 10/9-2011 39



KET QUA NGHIEN CUU VA UNG DUNG

Bang cach lap luan twong tw, ta cé thé xay dwng céc biéu thire tinh cho séng am:

AQ=Q-Q, =+V,.Ah.B (7)
o) 3 B’

Vi = [g.—2%.|1-=.Ah.— | £V 8

s \/g B’ ( 2 woj ° ®)

Dwa vao cac phuong trinh (3), (6), (7), (8), ta ¢ thé xac dinh chiéu cao séng ting va
giam &p trong cac dwdng dan hé. Bai bao nay sé dwa vao cac phwong trinh dé dé nghién ctru
xay dwng thuat toan giai bai toan xac dinh cao trinh I&n nhat va nhé nhét tai bé ap lwc khi thay
ddi phu tai dot ngot.

3. Xay dwng thuat toan tinh séng dwong cao nhat (Hinh 3)
Trinh ty ap dung thuét toan:

a. Chia toan b6 chiéu dai kénh dan thanh N tuy y doan c6 chiéu dai Ax, bang nhau:

AX, ZW 9)

b. Dwa vao cac phwong trinh co’ ban trong muc 2, c6 thé giai bai toan theo cac médun nhw sau:

<
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Hinh 3. M6 phdng tinh toén suw dich chuyén cda séng nghich duong
- Médun 1: Tinh Ahg va Vs o, tai tuyén O cla bé ap luc.
+ Budrc 1: bd qua anh hwdng clia chiéu cao séng, v&i Vo, = 0, tinh Vs o) 1an thir nhét theo cong thire:

9.0q o

(10)
BO,O

Vs,ou) =
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trong d6: o va Bo o dwoc xac dinh theo céng thirc:
@00 =(D+mhy).ho (11)
Boo =(b+2.mh,,) (12)
Thay gia tri Vs o() @& tinh Ahgg1an thir nhét theo cong thire:
Vs o1yBop + Vo) B2 +4MAQ,

Ah,, .\ = 13
o) om (13)
Tinh gia tri By, , tir cac phuong trinh trén ta co:
Bby =b+m.(hoo+Ahy ) (14)
+ Budc 2: Tinh Vs ogy 1an thir hai theo cong thirc:
, 3 B.,,.Ah
VS'O(“) _ g /0,0 1+2. o(l) o(l) (15)
BO(I) 2 Mg 0
Thay gia tri Vs oqiy vao phwong trinh dé tinh Ahgg,1an thi» hai theo cong thirc:
_VS,O(II)'BO,O + \/VSZ,O(H)-BS,O + 4-m-AQo
Ahyyy, = (16)
2m
Tinh gia tri Bg(”) theo cong thire:
Bc/)(u) =By, +MAhy (17)

Tiép tuc I&p lai trinh tw tinh toan nhw trong buéc 2 cho dén khi cac gia tri da tinh dwoc
Aho va Vs & hai bwédc ké nhau x&p xi bang nhau (v&i sai s6 cho phép) thi dirng qua trinh I&p.
D6 chinh Ia hai gia tri chinh xac can tim cla chiéu cao séng Aho va van téc séng Vso & thoi
diém ban dau, ngay sau khi cat phu tai dot ngot va hoan toan, tai tuyén O cla bé ap luc.
Cao trinh dinh séng nghich dwong ngay sau khi cat phu tai dot ngét va hoan toan, tai
tuyén O cla bé ap lyc:
Vo =V, + AN, (18)

- Médun 2: Xac dinh Ah, va Vg ; & tuyén 1 ké tiép v&i tuyén O clia bé ap luc.

Loai bd van téc séng Vs, tr cac phwong trinh trén, thay ©, 0= (b +mh , )'hn,o ,voéin=1,tacod

phuwong trinh hé qua sau:

2
2AX,.AQ,
(B, + m.Ahl)[ +Vi, _Vs,oj
Ah =2 o ' -1 (19)
3(B,, +mah) 9.0y 4

+ Budc 1: Gan Ah, & vé phai cia phuong trinh (19), lan thr nhat, bang Aho da tinh duoc &
médun 1, tec 1a: Ahy yp gy = Ahg, s& tinh dwoc Ahy vy & V& tréi cla (19), Ian thiv nhat; Gia tri W,

da duoc tinh; By dwoc tinh theo cong thire B, = (b + 2.m.h1’0) .

+ Buéc 2: Tlép tuc gén |én th&r hai Ahq vp am= Ahy V(1) sé tinh dU’Q’C Ah; vT(Il) (o] Vé trai cla (19),
lan thr hai.
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Tiép tuc I&p lai trinh tw tinh toan cho cac buwéc tiép theo, twong tw nhw trong bwéc 2, cho
dén khi gia tri cha Ah; & hai vé clia phwong trinh (19) xap xi bang nhau (v&i sai sb cho phép) thi
dirng qua trinh 18p. D6 chinh 1 gia tri chinh xac cn tim clGa chidu cao séng Ah,. Thay gia tri
Ah4 vao cac phuwong trinh c6 dang (14) va dang (6), sé tinh dwoc V.

+ Buwdc 3: Tinh thoi gian truyén séng nghich dwong tir tuyén O dén tuyén 1 (At;) theo cac
phuwong trinh da néu

L3p lai cach tinh & médun 2 dé tinh chiéu cao séng Ahy, van téc séng Vs, tai tuyén 2 ndm
ké tiép v&i tuyén 1 va thdi gian truyén séng tir tuyén 1 dén tuyén 2 At,. Lam tiép tuc nhw vay
cho céc tuyén sau dén tuyén N & dau kénh ndi véi ho chira. Tai tuyén N, tinh dwoc chiéu cao
séng Ahy. Chu y rang, méc du theo gia thiét 3 la séng khong cé sirc can, cac két qua tinh toan
can phai thoa man diéu kién sau:

Ah, <Ah ;AQ, >AQ, ; Vg, <V, At > At (20)
Thoi gian truyén séng nghich dwong tir tuyén O tai bé ap lwc dén tuyén N tai dau kénh
néi v&i ho chiva:

N
T=>At;n=1..,N (21)
n=1

Cao trinh mwc nuwdc tai tuyén N:
V=V, +Ahy (22)

trong dé: Vy, la cao trinh muc nwéc ban dau cia dong 6n dinh tai tuyén N & dau kénh nbi véi
hd chra.

Cao trinh muc nwéc tai tuyén N (V) cling 1a cao trinh mwc nwéc tai tuyén O (Vg ), ’ng
voiluct=T,ticla V=V .

Khi séng nghich dwong truyén dén tuyén N & dau kénh ndi véi hd chira, nd sé bi phan
xa, tao thanh séng thuan am, truyén xuéng phia dudi, vé bé ap lwc lam ha thdp mwc nuwéc. Tuy
nhién trén thyc té, séng thuan am lam gidm mwc nuéc chi ton tai (xuat hién) trén doan dau
kénh dan. Sau dé, s6ng thuan am suy thoai lam d&nh mirc nwéc 1én cao hon ca cao trinh V|

trén doan cubi cta kénh dan. Vi vay, khi tinh toén cao trinh mwc nuwéc bj dénh 1én, do anh
hwéng (tac dong) ciia séng thuan am bi suy thoai, s& g&p nhiéu kho khan.

Dé tinh gan dung, coi thdi gian truyén song thuan am T’ bang thoi gian truyén séng
nghich dwong T, (T’ = T) va cao trinh mwc nwoc tai bé ap lwc cd quan hé tuyén tinh voi thoi
gian (Hinh 4).

Tw do, ta co:

Vo =Va+(Vo -V5) (23)

O, max
Theo (18): Vg =V, +Ahy, nén phwong trinh (23) tré thanh:

Vo,max = ng _vo,o - Aho (24)
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Hinh 4. Quan hé murc nwoc - thoi gian séng duong
4. Sor d6 khéi chwong trinh va kiém tra chwong trinh

4.1 Sor d6 khéi chwong trinh tinh séng

BAT DAU

/ NHAP SO LIEU /

‘ DO HOA SO DO KENH DAN ‘

TRUONG HOP TiNH TOAN

‘T=0, N=1 XAC DINH CHE DO DAU‘

T=T+AT; N=N+1

‘ TiNH CHE DO BUSGC N ‘

4.2 Kiém tra chwong trinh

D& kiém tra chwong trinh “Unsteady Channel 20117, trong bai bao nay chi trinh bay mét
két qua tinh toan séng nghich dwong trén kénh ctia TTD Ta Loi 2 trong trwéng hop cat tai dot
ngdt 100% toan tram thdy dién do sét danh hodc sw cb, mwc nuwéc thuwong lwu cao nhét
(MNDBT), Qo = Q™ max gidm xudng Q¢ = 0, dd nham trong k&nh nhé nhét (Hinh 5). Theo ching
t6i, cac két qua tinh toan trén chap nhan duworc trong tinh toan thiét ké cong trinh.
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Hinh 5. Két qua tinh séng duong & TTP Ta Loi 2
5. Két luan

Bai bao da trinh bay cac két qua nghién ctru xay dwng thuat toan va da viét chuong trinh
phan mém tinh toan séng dwong cao nhat trong kénh dan cta tram thay dién. Day chi la mot
phan két qua cta dé tai cAp Bo B2010-03-70 "Nghién ctru xay dwng thuat toan va phan mém tinh
toan thiy lwc trang thai khéng én dinh doc tuyén nang lwong cac cong trinh thay dién & Viét
Nam". Thuat toan va chwong trinh tinh toan nay la cong cu htru ich trg gilp céc gidng vién, sinh
vién va k¥ sw nganh Xay dwng cong trinh thiy trong hoat déng gidng day, nghién ctru va thiét ké.

Chuwong trinh phan mém tinh séng trong kénh khi két ndi véi chwong trinh phan mém
tinh toan cGia hang muc cdng trinh khac trén tuyén nang lwong, ma dé tai cap B6 B2010-03-70
da thuc hién, s& gop phan nang cao mirc do tw dong hda trong tinh toan va thiét ké cac cong
trinh thay dién & nwéc ta.

Tuy nhién, cac tac gia ciing thdy rang, cac chuong trinh phan mém tinh toan nay can
dwoc tiép tuc nghién clru cai tién ve mat thuat toan dé nang cao do chinh xac cﬂg két qua va
tinh tién ich cua chwong trinh, nham dap (ng tot hon nira yéu cau cua thuc te. Bé tang do tin
cay cla phan mém tinh toan, cac ket qua tinh toan clia chwong trinh can phai dwoc kiém dinh
bang cac cong trinh thyc té.
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