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NGHIEN cUU MOT THUAT TOAN
GIAI HE PHUONG TRINH SONG NUGC NONG

THS. NGUYEN HOANG MINH

Tém tit: Bdo viét trinh bay mét thudt todn gidi hé phwong trinh séng nudc néng (song
déng lwc 2 chiéu ngang) dwa trén co sé phwong phdp phan tir hitu han Galerkin bién doi hé
phirong trinh vi phin dao ham riéng vé dang hé cdc phwong trinh vi phdn thwong va gidi hé
phirong trinh vi phan thwong véi diéu kién bién bang thudt toan Runge-Kutta va néi suy tuyén
tinh noi tiép.

Summary: This paper describes methods to solve finite element surface- water schemes
two dimensional flow in a horizontal plane.

Céc bai toan tmg dung trong co hoc chét 1ong nhu mo phong dong chay trong ving dong bang
ngap lut, tinh toan song v& dap, nghién ciru bdi x6i 10ng dan theo dudng bo, ... da dit ra yéu cau
nghién ciru cac thudt toan co hiéu qua vé tinh on dinh va d6 chinh xac dé giai hé phuong trinh song
nudc ndng. Trong sb cac thuat toan hién dang duoc st dung, phuong phap phan tir hiru han dang
duoc quan tdm nghién ctiu ¢ trong va ngoai nudc do phuong phap cé kha nang moé phong khong
gian voi do chinh xac cao. Trong bai bao nay chung toi s& trinh bay dudi ddy mot thuat toan chi tiét
giai hé phuong trinh séng nudc ndng dua trén co sé xap xi khong gian nghién ciru bang cac phan tir
hiru han, sir dung ham noi suy khong gian tuyén tinh dé dua hé phuong trinh dao ham riéng vé dang
hé cac phuong trinh vi phan thudng va giai hé phuong trinh vi phan thudng phi tuyén tinh bang so
d6 Runge-Kutta.

Hé phuong trinh séng nude nong dugce xay dung bang cach tich phan theo chidu sau dong chay
hé phuong trinh Navier-Stoke voi dong chay khong nén dugc:

- Phuong trinh lién tuc:

oh a(un) a(vh)

ot ox oy

:6_h+U8_h+ha_U+Va_h+ha_V:0
ot ox ox oy oy

- Phuong trinh dong luong:
ou oUu oU ©oh
—+U— —=glS,.-S 1
6t ax ay gax g( ox fx) ( )

a—V+Ua—V+Va—V+ga—h=g(Soy —Sfy)
ot ox oy oy

Trong do:

U, V- Van tdc dugc trung binh hoa theo d6 sau tng véi truc ox, oy tuong tng;
h - B¢ sau 16p dong chay;

Soxs Soy - DO ddc day theo truc ox, oy tuong ung;

Tox Toy - ung suat tiép theo hudng ox va oy;

St Sty - 1a 4o déc thuy luc (46 dbc can) theo hudng ox va oy twong (mg, trong truong hop chay
1di duoc xac dinh theo cong thire Manning nhu sau:
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UJU> +V? VU’ +V?
K= —VvVaSy=——5——
C°h C°h
Trong d6: C - Hé s6 Sédi
Theo phuong phap phan tir hitu han, khu vuc tinh toan dugc chia thanh cac phan tar. Cac phan tir
¢6 thé 1a hinh tam giac, t&r gidc déu hodc khong déu c6 kich thudce khac nhau va sb lugng nut khac
nhau [8, 9]. Trong trudng hop tong quat, cac phan tir tam giac v6i 3 diém nut thuong duge lya chon
(hinh 1).
Céc 4n ham U(x,y,t), V(x,, t), h(x, y, t) trong mdi phén to duoc Xép xi nhu sau:
N
U(x,y,0) = D U ()F,(x, )
l;l
V(x,y,0) = DV (OF (x,)
i=1 . .
1 J

N
h(x,y,t) = Zhi ()F,(x,y) Hinh 1. Phan ti tam gic

i=1

F = ! (ai +bix+ciy)

'T2A

Phuong phap sé du trong s6 Galerkin thé hién nhu sau:

b F;RAD=0 (3)

Trong dé: D: khdi chtra cac phan tir; R: s6 du khi xap xi cac bién s6 dong thoi phy thudc khong
gian-thoi gian bang tong cac ham s thoi gian va khong gian riéng ré.

Nhu vay, Phiong phédp Garlekin cho rang sé dw xudt hién khi mé phéng khéng gian bang cdc
phdn tir hitu triee giao véi cdc ham trong sé néi suy. Hay néi mét cach khdc ban chat cia phirong
phap Garlekin la véi ham trong s6 dwoc lua chon, tong sai s6 mé phong theo khéng gian trén toan
mién bang khong.

Ap dung phuong phap Galerkin cho hé phwong trinh (1), (2) d6i v6i phan tir i thu duoc:

Hé phuong trinh (4) sau khi duoc tich phan s6, dugc viét nhu sau:

f{Aﬁ%-’_Bt’jU;‘ +Dixhi +N1(Sox _SﬁV)z}ZO

1

0

> {AU d;" + BV, + D', +N(S, -5, )[}

1

NEA& BXU, + BV, +B.h. =0 (3)
2 i g TPVt Bt by =
1

Trong d6: Ne 1a s6 phan tir trén mién tinh Q .

Céac hé sd duoc xéac dinh theo cac biéu thire sau:

D@ nhan thiy rang tich phan Galerkin (3) dwa hé phuong trinh dao ham riéng (1), (2) vé dang hé
céc phuong trinh vi phan thuong. Hé phuong trinh (5) sau khi tong hop cho tat ca cac phan tir thudc
vung nghién ciru c6 dang phuong trinh ma trén:

A} _

— " {r}i-rciom; )



www.vncold.vn www.vncold.vn www.vncold.vn

Phuong trinh (5) véi diéu kién ban dau w}_, va diéu kién bién {W},_, dugc gidi theo thuat
toan Runge-Kutta bac m [6, 7] va kiém tra lai bién theo phuong phap ndi suy tuyén tinh ndi tiép
(successive linear interpolation):

Buoc 1: Giai hé phwong trinh (6) theo Runge-Kutta

AW ={TYO At —[C] W (1)} At

AW(I)
n
2AW 2

AW @ ={TVYO A —[C1V W (1) +

VAt

AW® ={TY® At —[C]® W (1) + VAL

AW ={T}" D At —[C1" W (1) +

(m—DAW "™ W)
n

- An cén tim sau khoang thoi gian A thu dugc cé dang
W1+ At = W, (1) + AW,

Trong do:
-AW; la nghiém ngoai suy:

m
AW, =Y yreaw ®
k=1

Y k lacéc trong sb ngoai suy tuy theo viéc chon bac m = 3 hodc m = 6.

Buéc 2: Gidi bai todn bién (phwong phdp ndi suy tuyén tinh néi tiép- successive linear
interpolation) [6] :

Tai bién, véi diéu kién bién Wr-o =W(t) cho trudc, dit:
W, (t+A)=W,, (t+A)=W, (t+At)

Xét ham sai s tai bién:

Fay(W) = (W, ~Wr)’

(i) Néu: fox)(W) > ¢ ude tinh:

Gan: Wr (t + At) = W tré vé budc 1 tinh lai xac dinh dugc W),
, _ W \2
Xét ham sai so6 tai bién: f(k+1) (W(k+1) ) - (W(k+1) -Wr )

(ii) Néu: f(k)+1 (W(k+1)) >~ € yéc tinh:
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k+2) — k+1
() (e (f(k)(W(k))_f(k+1)(W(k+1))/(W(k) _(W(k+1)))

Gan: Wr(t+At)=W,,, trd vé Budc 1 tinh lai.

(iii) Néu: [frior,(Wy)) <€, taco Wr(t+At)=W(t+At) qua trinh tinh dugc thyuc hién
ting budc cho khoang thoi gian tinh tiép theo.

V& co ban thuét toan trén 1a don gian, c6 d6 6n dinh cao, khong kho 1ap trinh so véi cac so do sai
phan khac da c6 do vay co thé img dung dé giai quyét cac bai toan ngap lut.
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