NGHIEN CUU UNG DUNG MO HINH 2 CHIEU
TINH TOAN BIEN DANG LONG DAN
TS Nguyén Hiru Khai, ThS Nguyén Tién Giang
- Trudng PHKHTN - PHQGHN
1. Pat van dé - .4 ,
‘ Viéc nghién citu x6i 16 long gc‘ing da dugc ti€n hanh & nhiéu noi trén the giGi.
Nhiéu phuong phdp va mé hinh bién dang long song da dugc xay dung, gép phan giai
quyét nhitng bai todn thuc t& dat ra. N
0 trong nudc da sit dung mot s6 mo hinh nhu HEC-6, MIKE1] dé phan tich,
tinh todn x6i 16. Tuy nhién, cdc'mo hinh trén chi gidi quyét bai todn 1 chidu, chi xem
x€t x6i ddy, v6i gié thiét chiéu sau x6i 1 nhu nhau trén toan mét ngang, chua xem xét
van chuyén bin cdt va x6i 16 khong déu theo chiéu ngang. ‘

Mot s6 mo6 hinh thity luc 2 chiéu nhu TELEMAC hay MIKE?21 ciing méi chi
xét & pham vi phan b4 t6c do dong chiy. Gan day véi MIKE 21C, viéc tinh todn bién
dang 16ng déan 2 chiéu di dugc dé cap. Tuy nhién, do nhimg khé khan khéch quan,
viéc ti€p nhan MIKE 21C con gip nhiéu trd ngai. o

~* Cho dén nay, hé thong soéng ngdi Viet Nam bi x6i 18 theo ci chidu doc vi
chiéu ngang rat manh mé, ching ¢6 tic dong tuong h v6i nhau. R4t nhidu noi, su x6i
1& theo hudng ngang méi ¢6 vai trd quan trong nhat, béi vi hai bo song 12 noi tap trung
cdc diém dan cu va cdc co s& kinh t&. Trén he théng song Hoéng, tinh-hinh x6i 1& da
dién ra nghiém trong, sau khi hd chita Hoa Binh van hanh, qué trinh x6i 16 lai cang
nghiém trong hon. Phia sau dap tai thi xd Hoa Binh, cdc doan song Da tir Tu Vii dén
Trung Ha ciing thudng xuyén x4y ra sat 1&. Pic biét, doan song Hong sau nga ba Viét
Tri, khu vue Tan Diic-Cé Do (Ba Vi-Ha Tay) va Trung Ha (Yén Lac-Vinh Phiic) x6i
16 da l1am mat gan hét dat clia ca xd Tan Diic va Trung Ha, gay nhiéu thiét hai va khé
khan cho nhéan dan noi day. Vi vay, cén thiét c6 mot mo hinh 2 chiéu dé giai quyét bai
todn nay. M6 hinh bién dang long din 2 chiéu trong hé toa do phi tuyén khong truc
giao (Two-dimensional- River bed Evolution Model- TREM-constructed in the non-
orthogonal curvilinear coordinate system) d4p ting duoc yéu ciu trén. M6 hinh dugc
GS. Norihiro Izumi v ThS. Nguyén Tién Giang x4y dung chuong trinh trén ngon ngi
Fortran77. Mé hinh st dung phuong phdp thé tich hitu han FCV (Finite Control
Volume) véi hé théng toa do phi tuyén 2 chiéu khong truc giao va so dé 4n. Phén tinh
todn dong khong 6n dinh 2 chiéu sir dung ket qua ciia GS. Toshinobu Nagata (Dai hoc
Téng hop Kyoto-Nhat Ban). Keét qué. thuc hi¢n mo hinh cho cdc gié tri clia do cao déy
song, toc do huéng doc va hudng ngang, do sau va néng do bun cdt tai cdc diém niit
tuong ting véi cdc thoi khodng tinh todn. Sau d6 bing so dé tinh n dinh mai déc
trong cd hoc dét xdc dinh pham vi sat 16 bd & noi bi x6i manh theo huéng ngang.

2. Co s6 Iy thuyét ciia moé hinh
a. Cdc phuong trinh co bdn
1) Phuong trinh dong chdt 1dng
He phuong trinh 2 chiéu nuéc néng trong hé toa do Décac bao gom 1 phuong
trinh lién tuc va 2 phuong trinh momen ' ' .
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1.3)
G day: : , ,
t - thoi gian; X,y - toa do theo dong chay va ngang;
h - do sau; zg- muc nudc; S- mat do (trong hrdng neng)
g - gia téc trong trudng (=9, 81m/s%);
M,N - thanh phén vecto thong lugng dong chay; .

u,v - thanh phén t6c d¢ trung binh thity tryc hudng x,y, N
Tieo ’L‘by thanh phan ling sudt tiép day,

—-u” -—u V', —v'? - thanh phan tenxo ung sust Raynon trung bmh thuy truc.

’ > ouy) . 2 o : :
_y? =2D,| —|-=K : 1.4
u - h(ax) 3 ( )
— ou .Ov
. ¥ l:, D + . : 1.5
vy "(6x axj o (1.3)
3 ou 2 ' V '
_y?=2D | = |-=K SRR ' 1.6
vEo "[6y ) 3 o S (1-6)
D, = ahu : : , ‘ (1T

D, - 46 nhét xody; K - nang lugng r6i thty truc; o - hing s6;
’ - . T . iy A . .

U, - lou t6c ma sét (u, = \/: 7 - Ung sudt ti€p ddy).
: p .

Cé4c phuong trinh trén duge chuyén thanh hé toa d¢ phi tuyen khéng tryc giao
theo Nagata (2000), tic 12 hé toa d¢ theo hudng chay. ,

2) Phuong trinh lién tuc bun cdt’ [

Phuong trinh lién tuc bun cat 2 chiéu cho 16p m& rong tr day den bé mat nuéc
trong hé toa do chung dugc viét:

A, 1 a(Jq")+a(Jq".)+I(ER—DR) =0 (1.8)
0Z 1-A| oy A
4 Dao ham & trén cin cif vao quan hé sau:
leC_l z.l_ggq_') (1.9)

T e,
Trong d6: 1 - cao trinh ddy; ,o: tryc toa d§ ch’ur'lg;: A-do r6ng vat liéu ddy;



. J- Jacoblan clia viéc c/huyen tlr toa do Décac sang toa do phl tuyén khong
truc giao. N6 dugc viét nhu sau:

X‘" X(p

Yo Yo
G day: Xy, Xo ,y\,,;y(p - cdc dao ham riéng bac 1 cla x, y. -
qy.qy - luu lugng thi cat ddy trén don vi do rong trong y va ¢. Ching
dugc tinh tir stfc tai cat ddy theo hucng S (hudng dong chay) va hudng n (huéng vuong
gbc v6i dong chéy). Qud trinh chuyén déi nhu sau:
"

v Oy 5. 0, ox ox oy
qt:l"—_qh—l-.—qh (\Vx ay)‘lh (Wx—+ ay)Qh (L.1D)

J= (1.10)

2, " as" ¥ as o ' on

9, . 0, . . o & o ayj‘ |
0= Zogsy Zogn o 0, %y I
Qs asqh n (‘P‘as wyasjqb (@xan cpyanqh (1.12)

Trong do: y,, vy, ,, Py - cdc dao ham rleng bac 1 theo W, (p
- Sau khi bién' dé1 thu dugc:
v u) oo 1y s
(\‘Vx .{/‘ + Wy '{/—)qh +(— Wx v + Wyv\)qh = W(Ju\:lq‘: - Umqb) (1 1 3)

wo__

9, =

. V. v u), 1 -
ar= (cpx e g)qi +(— %5+, g;)qb =7 Gt -u,a) L
3) Cdc plhuwong trinh siic tdi cdt '

Dé gii phuong trinh lién tuc chuyen cat & trén, cdc thanh phan chuyen céat
theo huéng S va hudng n vudng gdc véi dong chdy trong nghién citu nay, st dung céc
phucrng trinh Tkeda cho duo’ng cong stic tai cat cling v6i hiéu qué clia dong chay xoan
va do doc doc song. Chiing c6 dang:

o alL L on |- wn 1 aq 1 on
=— — = | Bl .
N e [T Tu,(lfuc 65{][ 11+ ?-uc 2 }(l e Bs ) (1.15)

. 172 % % ’*ukz. ' *I 2 S ‘ '
Q@ =@ ) )[V" — (= °°)”2 ﬂ (1.16)
Co F T I e . U A A
Trong do : , ' ; .
qh ,qb - ty sudt stc tai cit day vo hu’o‘ng theo huomg s va i1 chia hé toa do cong
‘7' ting suét ti€p day Vo hudrig: : FERE
S - d6 doc mat nudc; g - gia toc trong truorng, v
v - toc do mat ngang; h - d¢ sau; d - dudng kinh hat cét;
R - trong lugng riéng tuong d6i clia bun cat (vcn cét 1dy 1a 1,65);

: T,, - Ung sudt ti€p téi han v6 hudng, ¢6 thé tinh todn theo phucmg phép bat
ky, & day dung cong thitc clia Iwagaki (1958): -
;,L - nhan 6 sifc can Coulomb, 14y bing 0,7; a'” - hé s6, Hy bang 8,5;
ub,vh— toc do gan ddy, thanh phén theo hudng dong chiy va vuéng géc

trong hé toa do phi tuyén (s, n).
Ciac ky hiéu khac nhu trude day.
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4) Bién doi phuong trinh tdi cdt ddy

Pé giai phuong trinh lién tuc, phuong trmh (1.15) va (1.16) dugc. bién déi

| thanh cdc toa do (y,o) thay cho toa do(s,n). M01 s6 hang trong cic phucmg trinh nay-
dugc bign ddi nhu sau:

A(l)Sohang?—]l' %;— \1/23111"’ g:;U“’)

(2) S6 hang - on_1 Oy Opgeyon_ 1 ong —@—U“’) (1.18)

(1.17)

| o Ve ay- om Wap oy
@) sohang 2 t=tluv| Dy Py )iue @u--a-‘-l-v O (L19)
r r V- \oy oy - \op O¢ .

5) Phutong trinh lién tuc ciia ban cdt lo limg .
Trong toa do Décac, phuong trinh’lién tuc cia bin cat 1o limg c6 dang nhu

sau: :
a(Ch)  AQ0) , AQ'0)_ D (hg i?_),?. he, %S|~ (B, ~Dp)=0 " (1.20)
o o | oy ox\ tox) oyl Yoy )

St dung gia thiét hé s khuéch tdn cuc b theo hudng ngang khong déi, nhan
dugc phuong trinh chuyen dai:

g2 6C _&n &

g225C 81, &C
J— —(JCcQH+—3Jc ————hS W= ;
(CTD 5( Q) &p( Q@) 5 13 J&p) 5 h(JE ]5) o
_5 8, C gzn .;
—aphg T2 T &p) J(ER -Dg)=0

Trong d6 Cla nong do biin cét tai myc nudc Z
b. Loi gidi 56

1) Quan niém ciia gidn doan hod trong thé tich hitu han FVM (finite volume. method)
Co s& clia phuong phap thé tich hitu han (FVM) can cif trén nguyen tdc bao

toan khéi nuée cho mot thé tich hitu han. N6 thudng dung dang tich phan clia phuong

trinh can bing nhu diém khoi ddu. Phuong trinh can béng cho mot lugng van chuyen

vd huéng ¢ boi dong chay cé dang tich phan:

-é?f!-pcbdﬂ + Sjp¢Vnd§ - jrgrad¢nds + J q,dQ ;122) :

o @ 3 (4)
Trong phuong trinh- (1.22), Q va S Ia thé tich va dién tich bao quanh thé tich
kiém tra CV(control volume)
n - vecto don vi vudng géc v6i mat S va huéng lén trén,
v - vecto toc do chét 16ng,
S - mat*do ctia hdn hop nude va bin cat. .
S6 hang (1) 1a ty s6 sy bién ddi cla lugng bén trong thé tlch klem tra CV.

So hang 2y 1a thong luong tmh clia luorng van chuyén <1) qua bién CV bai co
ché trao déi. .
/
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S6 hang (3) la thong lugng tinh ciia lugng van chuyén ¢ qua bién CV bdi co
chg khuéch tan. :

'S6 hang (4) 12 b6 sung hoic thao cia luong ¢ x4y ra bén trong CV

Viéc 1di rac hod FVM bao gorn 2 buée. Trude hét 1a xap xi tich phan trong
biéu thiic (1.22) va budc thi hai 1a noi suy. Két qua cudi cling clia qué trinh 18i rac
hod 1a mot hé thong phuong trinh dai s6 cin thiét dé gidi béing céc phuong phap qui
uéc. N6i chung, FVM 1a mot x4p xi wu th€ clia phuong phapssai phan hitu han (FDM),
& d6 dac trung cia can bang kh6i nude 12 chinh lugng trit trong CV bao quanh mot
mét tinh todn.

. Phuong trinh lién tuc ctia nong dd bin cit lo lung trong hé thong toa dé chung
co dang

. ) g, 8C g, OC
JT=—(C — ] Y 2T L P gz 7 gl - |
5t(h)+aw(CQ )+a(p(CQ ) awhsh[ =5 a@]

- _6_ _gi..a_g _82 0C ) _ - =0
a,(pheh( T 9 7 oy ) J(ER DR)—

Sir dung so d6 Crank Nicolson trong tich phan, dang twong ting cia’(1. 23) cd
thé biéu thi nhu sau :

(1.23)

n+l
oy + 22 o)y + 22 (o) -4 2 hh(g»v_@_&lé@] _
20y ° 2 %9 2 oy Tog T do),
n+l :
A0 (B e N e p A0 ogrym A0 2 goQ s +
PR ( o o+ o A nel
5 e, 2 B ) 20 o XC gy C +ICh =0 (1.29)
2 oy T oy Top), 20 I oo T oy), :

2) Lot gidi ma trdn hé s6'9 duong chéo ) - ]
Tir cac dao ham trén, phuong trinh van chuyén bun cét lo limg trong hé toa do
khong tryc giao trong dang gidn doan cho thé tich kiém tra CV (i,j) la:

C,“”l'J +a,Cl7 +a C:‘:J +2,Ci7 +a,Cly + a,Cli +2,Cl +a,Cl L+
a,Clilu=b ~ (1.25)
Tur day gidi ra dugc ndng do bun ct tai cdc niit ludi trong budc thoi gian thit (n+1).

trong do: .
a, =*KG.,,+1 ~Gi_j)+ Ay +Di_jJ ,
a, =(Ai+1,j“Ai,j)+(Bi.j+1 ‘Bi.j)+( Di..;+D;; ) ( Eju +F )"‘J?,Hu
a3 =A;,; Dy +,(Gi,j+l —Gi.j) |
a, z—[(EH»!.j —‘Ei.j)+Bi.j +Fi.j] ‘
a; =B, -F;, +(Ei+l,j _Ei.j) (1:26)
ag =E,; ; +G..
=-E;; -Gj;,
ay = ‘“Emj -G
a, = EH,, +Gi
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Phuong trmh (1 26) dutoc khai trién nhu sau: ZaK =b
T
Két qud hé théng phuong trinh bao gém 9 4n cho méi phuo‘ng trinh don trong
mdi budc thoi gian c6 dang mot-ma tran dai. Thuat toan dé g1a1 phuong trinh nhu the
“c6 thé ]a mot phucmg phép lap bat ky. G day ap dung k¥ thuat khit du01 (tung dong-
line by line) d€ gii c4c phuong trinh.
. 3) Gidn doan hod phuong trinh Exner

éié’t phuong trinh Exner trong dang:

oA ) y alr : R T
Son__ 1 [afiat), (qb)”(E D) o
o 1-A[ dw o 0 e

Ap dyng nguyen tic gidn doan, chung ta cé: ’ o

a(lq‘")f

O%;{(LHJH J.+1,X%+u+i +th+l])’“( Jiju '*'J.,qu:,:l"*‘qg’u)}»" o (1-28)

M -5, =22

i+l.j+l’+‘]' i qui;n,jn‘“‘“qzi.jﬂ)-(l i+ +J .,qu,m; ,+q(gi,j)} . (.1,',29)

% |y " Ae
' Dua (1.28) va (1.29) viio (1.27).thu dugc: |
At ' T T
An=-— A, +B, +JA(ERi.—DRi.)] TR (1.30)
(L= ! ! ! :

Phuo‘ng trinh (1 30) la dang glan doan cudi ciing cla phuo‘ng trinh Exner N6
du’orc giai bing so dé 4n. Budc thoi glan hop 1y 14 16n bang budc thdi gian si dung véi so
dd. 4n trong phuo’ng trinh lién tuc clia bun cét lo limg. Két qua cé dugc su bién déi clia
cao trinh ddy song trong méi bude thdi gian & trung tam cla moi budc tinh todn. Cao
trinh ddy mdi duge cap nhat va modun dong chay méi duge bat ddu tinh cho budce thoi
gian sau. : :

c. Xdc dinh mitc do sat 16 bo ‘

- Mat cit ngang sau khi bi x6i 1& (thudng & bo 16m) s& tao nén mot méi doc mdi cé
do dac 16n. St dung phuong phap tinh trugt trong co hoc dét c6 thé xdc dinh dugc mifc
d¢ sat'lé mai. Hinh thic trugt cé thé 1a truot phéng, giy khiic hay cung truo’t dudi tdc
dung ctia lyc chéng trugt va luc truot:

n= Zci i +ZN1tg‘Pi , | R (1.31)
T -

Trong dé: tir s6 1a luc chong trugt, con mau s6 1a luc gay truot,

¢; - luc dinh; I; - 46 dai cung trugt manh th i;

N; - luc chéng trugt (phap tuyén),

T, - luc trugt (tiép tuyén).

Trong dang gan diing, dp dung nguyén 1y can biang bén Coulomb cé the tmh méi
déc cén thiét dé bdo ddm can bing ben én dmh

tgB=tgo+C/y.H | a3,
Trong d6: B - mdi dc can bing én dinh; ¢ - géc ma sat trong cfia dt mai (bd); -
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C - luc dinh; vy - trong lugng riéng cta dat; H - chiéu cao mai déc.

Phan mém mé rong tinh trugt duge Bo mon thuy van xay dung.

,,3'.Thfrsng‘hiém cho:doan song cbng Son Tay-cia song Hong ,

" Viéc thir nghiém dugc tién hanh d6i véi doan song cong clia séng Héng thuoc

“khu vyc Son Tay. "~ R i , -7

Vi hai ddu doan song khéng c6 tram. thuy vén nén dé xdc dinh bién trén va

bién dudi, bao gom cdc thong s6 thuy luc va bun cat, chiing t61 st dung mé hinh
HEC-6 di€n todn cho mang séng. S6 liéu dia hinh duoc ldy tir tai liéu do daéz mat cit
song Hong cudi nam 1997, dua lén ban dé 13 Ié 1/5000. &

Bang 1. Két qua tinh phan b6 toc do, do sau vi cao do ddy bing TREM

I J X Y - Z - u v H
1 1 -8212,75 2989.,2 8,526 0.434 -0,573 . 4,132
1 2 ‘“k—-‘8163;5898 3033,6699 2,273 0,604 -0,822 10,385
1 3 -8114,4399, 3078,1399 ~ 0,808 0,801 -1,123 11,85
1 4 -8065,2798] 3122,6001 1,516 0,8 -1,157 11,141
1 5 -8016,1299 3167,0701 2,489 0,741 -1,107 10,169,
1 6 -7966,9702 3211,54 - 2,835 0.692| -1,068 9,822
1 7 -7917,8198 3256.01] 2.872 0.666] -1.062 9,786
1 8 -7868,6602]  3300,47 2,868 0.647 -1,067 9,79
1 9 -7819,5098| 3344,9399 2,952 -0,627 -1,072 . 9,705
1.1 10 .=7770,3501] 3389,4099 3,599 -0,594] -1,051 : 9,058 -
1 1l -7721,2002] -3433,8701 . 3,947 0,556 -1,02 8,711
1| 12 | = -7672,04 34783401 4762 0,516 0981 7,896
1| 13 | -7622.801] 3522,8101] 6355 043 -0,889 6.302
1 14 -7573,73 3567,28 7,228 0,383 -0,788 . 543
1 15 -7524,5801 3611,74 10,133 0,282 -0,603 2.525
1 16.. -7475.4199 365621 - 10,1320 - 0,102 -O,-228 2,525
| Chithich: R

I - tén mat cit ngang, . ' J - tén thay truc,

X - toa d theo chiéu dong séng, Y ~,t9§3 do theo chiéu ngang song,

Z - cao trinh ddy’song, U - téc do doc sOng tai thy truc,

V - t6c d6 ngang song tai thiy truc,. -0 H-d6 sau thity tryc.

D€ tao ludi, chiing t6i ding phin mém tao udi GenGrid95 ciia CAFLAB (Han
Qudc). S6 liéu thity van 14y theo con i 16n nhat nam 1996 (31 ngay), duogc dién todn
‘mang soéng vé 2 mat cét giéi han trén va dudi ciia doan s6ng nghién ciu. SG liéu bun

- cat dugc ldy tir két qud chay mo hinh HEC - 6. Thoi doan tinh todn thuy luc 12 0,25s,

con thoi doan tinh todn bin c4t Ia 2s. Két qua vé phan bé téc do, do cao ddy va d¢ sau
trong toan khu vuc dua ra trong bang 1. Pudng bién ddi ddy song qua tinh todn chira
trén hinh 1, phdt hop v6i quan tric tai tram Son Ty, mot tram nim bén trong doan
song. Tuy nhién, t6c do'gan by mo6 phong chua t6t. Day méi [a thir nghiém ban day
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nén chua cé di€u kién chay hét qué trinh 13, chua ti€n hanh phan tich va hiéu chinh
céc thong s6 mo hinh. Trong tuong lal ching toi s& xem xét ddy dli hon nhiing van dé
nay: : A

Y(m) MC S.HONG QUA XOI LG

. -100 100 300 500 7000 - 900 -

L ezl 7 A oez19 |

Hinh 1. Mét cét séng Hong qua cdc ngay li
Ghi chi: Z0, Z1, Z4,78,719 - cao trinh ddy séng qua 1, 2, 4, 8,19 ngay lu

4. Mot s6-nhan xét

a) Mo hinh 2 chiéu cho phép phan tich tinh todh x6i 1& 10ng song theo 2 chiéu,
mot vin dé dang can giai quyét trong thuc t& dlen bién long séng hién nay.

b )Mo hinh d& dua vao tinh todn chuyén dong clia bun cét ddy va lo Iu'ng theo
chiéu ngang, cung nhu phén b6 clia bin cét lo limg theo d6 sau, phén dnh ddy da hon
nguyén nhan va hién trang can. bang va x6i 16 long song.

¢) M6 hinh sir dung phuo’ng phap thé tich hitu han va so d6 Crank—Nicelson co
hiéu qua cho dic tinh van chuyen clia blin ct.

“d) Vi méi & giai doan dau thir nghiém'm6 hinh nén van dé sat 1& méi doc (X6i.
1& chleu ngang) chua cé diéu kién xem xét. Chting t6i s& tiép tuc nghién citu trong g1a1 :
doan sau. :
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