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MO HINH TOAN 1D+2D TiNH LU BIEN POI CHAM
Phan 1 : M6 hinh todn

Nguyén Théng
Truong Pai hoc Bach Khoa, PHQG-HCM :
(Bai nhdn ngay 30 thdang 01 nam 2007, hoan chinh sita chita ngay 23 thdng 08 nam 2007)

TOM TAT : Mé hinh duoc thiét ldp nham muc dich mé phong hién tuwong lii bién déi
cham trong mét ving dong béng. Pdy la mé hinh todn két hop giita gidi hai mé hinh dong
chay: mé hinh mot chiéu (1D) mé phong dong chdy cho mang hedi song rach va md hinh hai
chiéu (2D) mé phéng cho dong chay tran mdt trong cdc 6 ruong Su két hop giita hai mé hinh
toan 1D va 2D théng qua hién twong trao doz nuoc gilta cdc 6 nam canh song. throwg trinh -
dong luc mo ta dong chay theo 2 phuong ném ngang duoc xap xi theo quan diém song khuéch
tdn, theo do chi hai s6 han quan trong la do déc muc nuée va hec ma sdt ddy s& dugc xét. Sai
phdn sitr dung theo so dé an Preissmann. Mang lwdi 2D duoc thuc hién trén ludi so le. Cidc é
ruéng bi ngdp hodc khéng ngdp sé dwoc xir Iy sau méi buée thoi gian.

1. MO HINH DONG CHAY MOQT CHIEU (1D) TRONG MANG LUOI SONG

Mb hinh toén biéu thj dong chiay mét chiéu trong mang ludi song la hé Phuong trinh bao
gbm phurong trinh lién tuc va phurong trinh Saint Venant trong d6 c6 ké dén tit ca cac sb hang.

1.1.Hé phwong trinh vi phéan co ban _

Dong chay trong 1ong din dugc mé ta bai cac phuong trinh sau day :

Phuong trinh lién tuc: '

B—4+—== 1
o ox ! D

Phuong trinh dong luc (phuong trinh Saint Venant) cho bai toan mét chiéu :

BQ 6 2Q8Q Q BA 0Z 0|0

O Bl oy, DO, @)

ot 6x A ox A 8x Ox C*AR
trong do : ;
C=R"/n (3)
R = A/ y : béan kinh thay lyc.
& bién thoi gian3 khong gian.
A, B, Z: dién tich uét, chiéu rng mat thoang, cao trinh muc nudce. )
Qq: luu lugng qua dién tich u6t A, luu lugng don vi bd sung doc tuyén (thing goc

voi truc song).

% : chu vi uét.

n : hé sé nham.
1.2 So @6 sai phan khéng gian va thoi gian
So d6 sai phéan dugc thuc hién trén mang ludi 1D nhu sau :
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(AZ.-'HI’AQJHI) (Azilrll:Aerjll)
i i 1 i
j i n i+l k

Hinh 1.So d mang luéi sai phan khong gian 1D

AZ{™', AQ!" chi céc 4n s6 tai cdc nut i mang lu6i tai thoi diém (t+1), dinh nghia nhu sau :
AZ =7 —Z; véi Z; chi myc nude tai nut i & thoi diém t.

AQ =Q' —Q! v6i Q! chi luu luong tai nit i & thoi diém t.

Sai phan thoi gian dugc sir dung theo so dd 4n Preissmann duoc dinh nghia nhu sau
6f 1 le —f.[ f.H-l —ff A 't+l +Af—t+l
( +1 e i i - f1+I i (4)

i+l i
At At 2At

o 2

of fi[:l _fiHl it+ _fit 1 t t t+ t+
a—x'—_ 9T+(1_9)T=E[ﬂ+i =& +9(Afi+:l - Af; l):| (5)
P=L () S8 + )

= 0.5[ £, +£ +y (AL +AF™ | (6)

f: ham sb can sai phan hoa.
véi 2/3<6,p <1
1.3 Phwong trinh sai phin
_ Phuong trinh sai phén s& viét cho doan thr (n) bat ky cia mang ludi 1D, v&i ky hiéu nat
dau (i) va nat cudi (i+1) nhu sau :
Phuong trinh lién tuc (1) viét dudi dang sai phan nhu sau :
+ 1- AZM + AZH
(e (By+ B )+ R (B4 B, ) |
2 2 2At
B,(Qit1 - Q") +(1-6)(Q1 - Q™)
AX
Day 1a phuong trinh tuyén tinh theo AZ!*'. Thu gon phuong trinh néu trén cho ta phuong

trinh lién tuc viét dudi dang sai phan nhu sau:

=y, q" +(1-y)q ™

a,AZ" —a,AQ!™ +a,AZ}!} +a,AQ;) =a, (8)
Vol : '
Ax dB! dB!
a =—|B' +B' 4y (—ELAZL +—AZ) | .
1 4 |: i+l i WB( dz i+l dZ 1)]
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a, = 6,At

ay =-Ay(Q;,, — Q)+ Ax.At [qum +(-y, )ql]

Céc hé sd trong phuong trinh dong luc (2) viét dudi dang sai phan da duoc tuyén tinh hoa
nhu sau :

9Q _ AQ;;, +AQ™

o 2At
2Q &Q _ Qf+.+Q‘ QL. —Qi +6,(AQ11 - AQ™)
A x Al +Al Ax
Q OA _ Q;,, +Q))° (B,+1+B) Zm —Z; +0,(AZ — AZ™)
A? x (AL +AY 2 Ax

0Z A, +A Zf+l—Z{+92(AZ}j:—~AZ‘”)
BA.——=g

ox 2 Ax

QlQ| _en’[0.5(z,+ )" ] QL +Q}|

C’AR [05AL, +AY"] 4 [QL +Q +wo(AQ +4Q) ]

Thay tét ca vao phuong trinh (2) s& nhén duoc phuong trinh dong luc viét dudi dang sai
phén :

i+l

b AZ;" +b,AQ" +bAZI +b,AQ) = - ©)
vai :
b, =AtU’B.@, —gA.Até8,

Ax

b2=7—2AtU9 +gAtAny/Q

b, =-At.U’ B_HZ + gA.At.@Z
b= % + 2At.ﬁ.t9Q +g.AtAx.D Y

by =-2At0.(Q},, - Q)+ ALU’B(Z},, - Z!) - gAAYZ!,, - Z}) - gAtAx.D(Q!,, + Q")

B
A=(Al +AY/2

[0S+ D]
I:O S(Al+| A;)F"B] -IQ1+| +Qi]

1.4 Piéu kién tai niit hi tu cic nhanh séng, didu kién bién, didu Kién dic biét
e Diéu kién tai nit hoi tu nhiéu nhéanh (>2) ciia mang luéi:
Goi N 1a s6 nhanh héi tu tai mot nit bat k¥, céc diéu kién sau day s€ duoc sir dung :
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- Cao trinh muc nuéc tai cic mat cit hoi tu vé nit 13 bing nhau. Tir d6 ¢6 (N-1) phuong
trinh c6 dang nhu sau :

DR =BT (10)
v6i k, p 1a cdc tén mit cét hoi tu vé& nut hoi ty dang xét. |
- Téng luu lugng nudc hdi ty vé nit bang tong luu luong ra khéi nat. Tir d6 c6 1 phuong
trinh ¢6 dang nhu sau :

N
> AQM =0 (11)
k=1

Tém lai, tai mdi nat hoi ty N nhanh s& 1ap dugc N phuong trinh doc lap tuyén tinh.

o Diéu kién bién : Mo hinh dugc thiét 1ap cho phép md ta cac diéu kién bién loai myc
nude AZL! va loai luu lugng AQYS,

o Diéu kién diic biét : Trong tfu’(‘mg hop dong chay di qua cac loai cong trinh : cbng 1am
viéc theo 1 hodc 2 chiéu, dép tran, ddp ngan ... phuong trinh dong luc Saint Venant (2) s
dugc thay thé bai phuong trinh biéu dién quy lut thiy luc qua cong trinh thich hgp twong
ung. '

1.5 Thiét 1ap v giai h¢ phwong trinh tuyén tinh héa

Vi du minh hoa sau day cho thdy nguyén tic thiét 14p h¢ phuong trinh tuyén tinh dé giai
bai toan. Xét mot mang ludi nhu sau :

1 2
%, %
1 2
\ \ 6
Cy W tri ¢6 diéu kién bién 8 \O
@ : Nut mang ludi '

Vi mang luéi néu trén c6 9 mit cét, do d6 co6 18 in s6 (2*9=18). Do do, can c6 hé 18
phuong trinh doc 1ap tuyén tinh dé xac dinh 4n s6. Cac phuong trinh s& duoc thiét 1ap nhu
sau :

- Mang ludi trén gdm c6 6 doan, do d6 s& thanh 14p dugc 12 phuong trinh. That vay, mdi
doan lap dugc 2 phuong trinh : 1 phuong trinh lién tuc (8) va 1 phuong trinh d¢ng luc (9).

- Mang lué6i néu trén c6 1 mit (ky hiéu ) gbm N=3 nhanh h¢i tu do d¢ s& thanh 14p dugc
3 phuong trinh (c6 2 phuong trinh tir didu kién muc nudc tai cdc mat cét 3, 4, 7 va 1 phuong
rinh vé didu kién téng luu lugng vao mit bing tng luu lugng ra khéi nit tai moi thoi diém).

- Tir céc mit ct tai bién (1, 6, 9) s& c6 3 phuong trinh bicu thi didu kién bién.
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Tém lai, ta thiét 1ap duoc mt he gdm 12+3+3= 18 phuong trinh dé x4c dinh 18 4n s6 tai 9
nit cua mang ludi.

2. MO HINH HAI CHIEU (2D) CHO DONG CHAY TRAN MAT

M6 hinh nay chi gi¢i han nghlen ctru hién twong trong dé dong chay c6 chiéu sau trung
binh h cia 16p nuéc 1a bé so véi hai phuong nim ngang (dong chay nuéc ndng) va dong chay
tran ddng din bién theo thoi gian tuong d6i cham. Tir dic tinh nuéce nong, dong chay s& dugc
mo hinh héa theo hai phuong ndm ngang. Viéc giéi han nghién ctru dong chay bién ddi cham,
mo hinh todn s& dugc mo phong bing m6 hinh dang séng khuéch tdn. Didu nay co nghia chi c6
hai s6 hang biéu thi 6 doc muc nuéc va ma sat day tdc dung lén dong chay 1a dugc xem xét
trong phuong trinh déng lIuc.

2.1 H¢ phuong trinh vi phan co bin
Dong chay tran mit dugc mé ta béi cac phuong trmh sau ddy.

Phuong trinh lién tuc :
QZ_'_ B o(Uh) & o(Vh)

— (12)
o o "

Phuong trinh dong luc dang séng khuéch tan theo phuong X va phuong Y :
—_— (13
Bx Cfo Rx )
6_Z 9 IQ (14)
oy C ﬁ Ay Ry

trong do :

uv: vén téc trung binh (theo phuong thing dimg) theo phuong x va y.

Z h: cao trinh myc nuée, chiéu sau trung binh cia 16p dong chay.

Q, = U(hAy) : luu lugng theo phuong x.

Q, = V(hAx) : luu luong theo phuong y.

A,;A,: dién tich uét theo phwong x va phuong y.

R,;R, : bin kinh thiy lyc theo phuong x va phuong y.

gss : chiéu day 16p nuéc (m/s) b sung (ldy ra) hé théng trong mét don vi thoi gian.
C =R\ n;C, = R;’ﬁ /n, : ny,ny chi hé s6 nham theo phuwong'x va phuong y.
2.2 So' dd sai phan khéng gian va thoi gian

Sai phan khéng gian 2D dugc thuc hién trén luéi so le. Vi tri xac dinh gia s§ muc nuéc
AZ ™! (hodc Ah’“ ) tao thanh mét ludi. Céc vi tri tinh vén téc U,V s& dirge x4c dinh & vi tri so

le tao thanh mang luéi riéng, trinh bay trén so db sau.
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Y

Hinh 2.So db sai phan khong gian 2D

Sai phén thoi gian theo so d6 4n Preissmann.

2.3 Phuwong trinh sai phin

' A 3 s r \ - A ’ . A LA 7 r t+1 .
An sb bai toan 2D 14 gia s6 myc nudc tai cac diém nat cho mang ludi AZfI , dugc dinh

~ LN ol ot
nghia nhu sau: AZ; =Z; Z,;

Tir phuong trinh séng khuéch tan, voi gia thiét 12 chidu sau trung binh dong chay h la bé
50 v6i kich thuée theo phuong ngang ciia 6 ludi (Ax,Ay), ta o

AL

(o8], =+ [ax|z.,-2,]" (20-2s)=a (2= 211) (15)
B3

[Vh] (Zi.j—l _Zi.j):ﬂi(zi,j—l "Zf,j) (16)

i n, [AYIZ,-“,-_I _ Z,-u,- Hl/z

Thay vao phuong trinh lién tuc va thu gon ta c6 phuong trinh sai phin viét tai 6 thir AZ, ;
chota:

dt - _dt " dt ¥ dt i
_'92 -A_x aiAZi—l],,f - 92 E ajAZ:-t-ll.j - 92 E;:ﬂiAZir,jl—i - ‘92 Z; lBjAZr’t,‘le +

dt dt dt dt A
(1+86, ot 6,0+ 6, Ty B.+06, oy BIAZ = E(aj Zl, ezl )+

it A

At ’ . At At ; :
A—y(ﬁ,. Zl . +BZ, )—[E(ai +a_f)+-5(ﬁ,. +B, )}Zu +q,, (i) * At (17
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trong do :
(0.5, +n)]" _ [osth, +h, )"

o= s P
m[anlze, =217 n[alg,-2,]

(Ghi chu: Vi tr tmh i tring voi vi tri tinh U;; va vi tri tinh ; tring véi vi tri tinh V).

Day la phuong trinh tuyén tinh theo AZI.’;.] , biéu thi méi fwong quan giira gia s6 muc nuée
trung binh tai 6 (i,j) va gia s6 muc nudc trung binh cta 4 6 chung quanh (i-1,j), (i+1,j), (i,j-1),
(g+1).

2.4 Thiét 1ap va giai hé phwong trinh tuyén tinh héa

Ta c6 M*N én 56 gid trj gia s6 myc nu6c trung binh AZ["! (v6i i=1,M va j=1,N) tai cdc

tdm 6 can x4c dinh. Trén co s& phuong trinh (17), viét phuong trinh sai phan cho tét ca cac &
ctia todn mang két hop Vé’l cac didu klen bién tir cac 6 ngoai blcn ta s& nhin dugc hé M*N
phuong trinh ddc 1ap tuyen tinh (M: s6 6 theo phuong ngang, N: s6 6 theo phuong dimg) véi
cac hé sb phu thudc vao 4n sé can giai. Ding phwong phép giai lip dé x4c dinh nghiém so.

3. MO HINH TOAN KET HOP (1D+2D)

M5 hinh toan 1D va 2D s& duoc giai tach bi€t nhau. Su quan hé giira hai mé hinh théng
qua phuong trinh trao ddi nugc ¢ cac § rudng cd canh tlep x0c voi song. Xem dong chay tir
song tran vao ddng & cac 6 ndm canh song hodc tir ddng d6 vao séng xem nhur dong chay qua
mot ddp tran dinh rong. Luu lugng trao ddi don vi q dugc xé4c dinh.béi phuong trinh sau :

J2glz. -z, (m%s)
trong dé :

o, : hé s luu lugng, phu thudc vao diéu kién dia hinh.

q=*o,

h : chiu sdu nude trung binh ctia 6 trao dbi nudc vd‘i song.
Z_,Z_: cao trinh muc nudce trong séng, 6 rudng.

Gia trj luu lugng don vi q s€ tinh VO‘l so dd hién sau mbi lan lép va s& dugc dua vao
phuong trinh 1D va 2D dé tinh céc hé sb lién quan cho lan lip ké tiép.

4. SO PO KHOI CHUONG TRINH
M5 hinh tinh duge td chirc theo so d6 khéi nhu sau:
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v \ 4
COEF_1D > FLOW 2D
[ |
ASSEM_1D 7ZQ FRON_ 1D
[ | [
BCS 1D ZQ _FRON_2D
LSLRG ECHANGE_1D 2D
S
RAIN 2D
a
b
FLOW_1D ISLANDS_2D
COEF_2D
: RESULTS
ASSEM 2D
BCS_2D
'LSARB
SO PO KHOI

FILTER 2D
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Chirc ndng ciia cac Subroutine trong so d6 khoi noéi trén duge xac dinh nhir sau:

COEF_1D
ASSEM_1D
BCS 1D
LSLRG
LSARB
FLOW_1D
COEF_2D
ASSEM 2D
BCS 2D
FILTER 2D
RAIN 2D
mua néu cd.
ECHANGE_1D_2D:
ISLANDS 2D
RESULTS

: Hé s6 phwong trinh dong chay 1D.

: Thiét 1ap hé phuong trinh dong chay 1D.

: Piéu kién bién dong chay 1D.

: Ham thur vién giai hé phwong trinh tuyén tinh.
: Ham thu vién gidi ma trdn band.

: Tinh vén téc, luu lugng chay 1D.

: Hé s6 phuong trinh dong chay 2D.

: Thiét 1dp hé phuong trinh dong chay 2D.

: Piéu kién bién dong chay 2D.

: Lam tron két qua trudmg van téc 2D : U va V.
: Tinh 16p nude tuong duong trao déi giita song va 6 rudng va nudc

Xac dinh luu lugng don vi trao déi nuée gilta song va dong.

: Xdc dinh ving khong ngdp, vung ngap sau moi budc lap.
: Xuét két qua trung gian.

COMPUTATION MODELLING 1D+2D
FOR GRADUALLY VARIED FLOOD FLOW

Nguyen Thong
University of Technology, VNU-HCM

ABSTRACT: The proposed model was established to simulate the propagation of
gradually varied flood flow in deltas. The model incorporates two flow models: a one-
dimensional flow model for the river network and a two-dimensional flow model for the flood
plain. The combination of the two models was carried out through the exchange of flow
between the river and the adjacent flood vlain subareas. The momentum equation of two-

. dimensional flow model was approximated by a diffusion model; in which only two terms
representing the water surface slope and the friction slope are considered. The implicit
Preissmann scheme was utilized to discretize the governing equations in an alternate grid. The
flood plain subareas whether inundated or not will be treated after each time step.
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