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X ,., ' ' ' Sy MAT ON DJNH CUA DONG CHAY 

CO MANG BlJN cAT LO LT}NG TRONG KENH HCJ NGHIENG 

NGUYEN VAN DitP, DANG HlrU CHUNG 

BJ.i toin ve s~· mtLt 5n d!nh va phit trifn cUa nhi~u be dOi v&i dOng chiy thu'an nh5:t trong 
kfnh h& nghieng di dm!c nghien clru b~ng phuang phip khio sit tuye'n tinh [61, trong d6 diy 
duqc xem la. cli-ng, nghia la kh6ng d~t ra van &e bie'n hinh lOng din. DOi v&i bai toin c6 bien 
d~ng diy m9t sO tic gii di nghien c6:u bilng ·phuang phcip phi tuyin nhung cling chi dlrng l?-i v&i 
gi~ thigt khong c6 bun cit Ia l&ng [2, 3, 5[. 

Trang bii bio nay, cic tic gii nghien ciTu sv- mat 5n dinh va phit tri€n phi tuye'n ella nghi~m 
dlrng v&i nhi"&u be ella dOng chiy c6 mang thea bUn cit la lli-ng trong kfnh h& nghieng. 6 diy 
diy drrc_tc xem li cli-ng vi trong qui trinh chuygn d9ng kh6ng x3.y ra Sl! ling. M6 hlnh to<in h<;>e 
drrgc xay dl)Tig tir ly thuygt khugch tan SUJ; ri)ng [1[. 

Hf phuang trinh mo"ti chuy&n di)ng ctla dong c6 mang theo bun cit Ia l&ng trong kenh hlr 
nghieng cO d;iy phitng, clrng va gilt stl- khOng xfiy ra sv- ling trong qui trinh chuygn d?ng gOm [1]: 

aH uaH Hau =O 
at + ax + ax . 
au au 1 1 ac , aJ, aJ, aH . UIUI - + U- + -gH-cosa- +- (-- + U--) +gcosa- = gsma- CI--at ax 2 p ·ax pp, at ax ax H ' 
ac uac 1 aJ, 
at + ax + p, ax = o, 

aJ" aJ, -(au au) -ac -( . J,) --+U--+IC -+U-~ +DC-=C 1gsma--. at ax at ax ax k 

(1.1) 

Trong d6 C, p, U, ] :r; li d.c ~i hrqng trung blnh theo chieu cao crl.anOng d9 th~ tich, m~t di? 
cUa h6n hqp hai pha, v~n t6c va. dOr.g khue'ch tin, x t9a d{> tren trJ!c nghiEmg, a g6c nghieng ella 
trl!c kenh so v6i phrr<Jng n!m ngang, H d{> siu, g gia tOe tr9ng trmYng, t thCti gian, p~, Pw. khOi 
hrqng ri€ng cUa pha d.n va pha lOng tt.Ydng ITng, 1 hi~u gifi-a P,~ va Pw ,Cf, D, k cic h~ sO. 
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D& dan gilm, trong khu6n kh& bii b<io nay, ta gii thi€t r~ng J;J; bi€n d&i ra:t ch~m so v&i thCri 

- • A d]x 
gian, nghia li c6 the xern dt = 0. Ta chra vao c<ic d~i lrrqng khOng thU:- nguyen: 

u 
u---

- ~· 
' X 

x = Lo' 
( 1.2) 

C = C(x', t'). 

Trang d6 Q 8 , Ho, Lo, ~lin hr<;rt Ia eic d~i hrqng d~e tnr.ng ella t8e d9 tii bUn Cit la 
lli-ng, d9 sau, ehi€u dai dOng ehlt.y va v~n tOe dOng trrang U:ng. Thay (1.2) vio (1.1) vi vin srl· 
dvng eic kY hi~u x, t, p, C thay cho x', t' p, C ta nh~n du·qc h~ plnrang trinh v&:i eie bign khOng 
thlr nguyen sau: 

v&i 

ht + uhx + hux = 0, 

1')' u 2 

x[ut + UUa: + --cosahC;J; +eosahx] = 1----: F" , 
2 p -h 

C, + uCx + fJ1Jx = 0, 

J= J'- xJ'(ECx+u,+uux), 

E= _!!__ 
gHoi' 

J'=2.~ k 
P~ Ho 

Ho 
f3 

- Q, 
1

- ~-Ho' X= L . , osma 

Tad~ dang tim dm;rc nghi%m dirng cda (1.3) la: 

sm a 

{31 " 

F= ~ yc;· 

h = 1, u = F, C = 0°. 

(1.3) 

(1.4) 

Gii stl: trong lin c~n tr~ng thii dU·ng, t~i th&i di&m t = 0 xua:t hi~n Iihi~u vO cling b€ v&i bien 
c19 khOng thiT nguyen e ~ 1 

h(x, 0) = 1 + "1"1(x), u(x, o) = F + "\"2(x), C(x, 0) = C' + "1"3(x) (1.5) 

' v&i <p1 ( x), P2 (x), <p3 ( x )· H cic him d~a phl.Tang, b! ch~n cho tru·&c. Biy giCt cluing ta cln khio sit 
dieu ki~n 5n d!nh va Sl.! phit trifn ella nhiSu khi th&i gian t l&n, nghla li din khio sit nghi~m crla 
(1.3) thoa man dih ki~n ban.dliu (1.5). Chung ta xet tru-irng hqp /31 « 1, e: « J' « 1, F = 0(1), 
x = 0(1). V~n khOng mat tinh t5ng quit, dg ti~n ta xem X= 1. 

' , ,../ ; 

2. KHAO SAT TUYEN TINH 

Tir (1.5) t~ tim nghi~m da (1.3) dtr&i d~ng: 

h = 1 + e:h0 + ... , u = F + eu0 + ... , C = C' + e:Co + ... , 

Thay (2.1) vao (1.3) ta nh~n dtrqc h~ plmang trinh: 
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hot+ Fhox + Uox = 0, 

1 1 2u0 Uot + Fuox +cos ahox + --cos o.Cox + - - h0 = 0, 
Zpo F 

(2.2) 

Cot+ FCox = 0. 

Phu-crng trinh cuoi cU.a (2.2) cho.ta nghi~m C0 = S(x- Ft), Sham tuy y. Stl: d11ng dieu ki~n 
ban d'au (1.5) va chu y t&i (2.1) ta c6: 

Co= <ps(x- Ft) (2.3) 

v&i Co dii dm;rc xac djnh t\r hai phu-ang trinh dliu cua (2.2) Ia h~ phu-ang trinh vi phan tuygn tinh 
khOng thu'5.n nha:t ella ho va uo: 

hot+ Fhox.+ Uox = 0, 

2uo 1 1 
Uot + Fuox +cos ahox +-- ho = ---cos <>'Psd>) 

F 2 Po 

(2.4) 

v&i ~ = X- Ft. N ghi~m rieng ella h~ nay tim drrqc nhu sau: 

(p) c -"'t uo = re F ' 

x-Ft 

h&P) = e~~.': [- ~~ J <pse(\)e'~.'odt+Cz] (2.5) 

-00 

C1, C2 cic thOng s5 tliy y. H~ ph~O'ng trlnh thuin nhit trrong ITng v&i (2.4) di drrgc xet 

trong (5, 6]. Vi U~p), h~p)-~" 0 khi t -t 00 hay X -too, do d6 di"€u ki~n 5n d!nh cJa nhi~u be trong 
tnrOng hqp nay hoan toan trUng v&i di~u ki~n di xet & [6]: tga ~ 4C1 

Tad~ dang nh~n du-qc nghifm cUa (2.2) trong tru:irng h'!Jl t&i he-n tga = tg<>cc = 4Ct nhu-
sau: 

ho = f( x - SFo t) + g(x - Fat) e -l, t + h)i1 (x- Fat), 
2 2 

UQ =Fa!(- 3Fot) + [- Fog(x- Fat)+ 2_ x-!!ft g(x)dx]e-!ft +u&"l, (2.6) 
2 2 2 2 F0 

-00 

Co= 'Ps(x- Fat) 

v&i /, g cic ham ba:t k:Y vase du-gc xac J!nh khi srl: d~ng cic dieu ki~n ban d'au (1.5). Nhrr v~y, 
trong tru:irng hqp g6c nghieng t&i hzm t\r (2.6) ta th[y rlng khi dong chlty & tre-ng thai d\rng xii.y 
ra nhi~u be thl cic nhi~u nay se lan truy"€n xuOi dOng dtr&i d{tng s6ng v61. cic m&t: 3Fo/2, Fo/2, 

' Fa trong d6 cac mot Fo/2, Fo Ia t~t d'an theo thai gian va mot 3Fo/2 khong thay di3i hinh dang. 
Rieng 48i v&i s6ng n"Ong d9 him cit lan truy"€n v&i m5t Fo kh&ng thay d6i hinh d~ng. Dieu nay 
duc;rc gi!ti thkh do dOng khue'ch tin qui he, do d6 n6 b! bO qua trong khio sit tuye'n tinh. 
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' ' ~ 3. KHAO SAT PHI TUYEN 

Bfiy gi& ta ti€p tvc khio sit su- phit tri~n phi tuy€n ella nhi~u be trong tru·Crng hgp lin c~n 
tr~ng thcii t&i h~n. LU.c nay bii toin dang xet. c6 ba tham sO be c, fh va ...\ = a- ncr· LC:ri gib.i 
ti~m·c~n ella (1.3) dm;rc tim dU'<J·i d~ng: 

v&i 

h = 1 + £(ho + eh1 + J-hz + /31h3 + ... ), 
u = F + e ( uo + eu 1 + Au, + /31 u3 + ... ) , 
C = C 0 + e(C0 + eC1 + J-C2 + /31C3 + ... ) 

F' u 
P =Po+ CJCo, au= COSCI':cr = 4' 

Ta thl!c hi~n phep dbi bie'n 

c - ' 3Fo 
{ 

T - t 

"> =x- -t 
2 

(3.2) 

1 
:t 

""" a 
ax 

Thay (3.1), (3.2) va (3.3) vao (1.3) v&i xap xi b%c e ta c6: 

Fu . 
hor- ?:hoe+ uoe = 0, 

_ _1_ _ 3Fo .!!__ 
- ar 2 aE' 

a 
a~ 

Fo 2uo 1 1 . 
uor- ~uoe + aohoe +-- ho = ---aoCoe, 

2 F0 2 po 

Fo 
Cor- -Coe = 0. 

2 

(3.1) 

(3.3) 

(3.4) 

Nghi~m d.a (3.4) chinh Ia (2.6). Tuy uhien, ta chi quan tam Mn thanh ph&n khong bi tri~t 
tieu khi t ----+ oo. Do d6 nghi~m du-qc xet khi chll'a b~ ring buQc b&i di~u ki~n ban diu li: 

ho = !{0, 
Fo 

uo = 2!(~), 

H~ plurang trinh lien hqp v&i hai plnrang trinh d&u Clla {3.4) nhrr sau(xern [5]): 

va nghi~m ella (3.6) Ia : 

Fa h* . * * 0 T e- a0 ue- u = , 

Fo* 2*h' -u1 + -u - 1 = 0 
2 Fo 

u• = ry'(E), • Fo '( ) 2 ( ) h = -ry ~ + -,;;-ry ~ . 
2 ro 

v&i ry(O Ia ham bat ky ella~ va gii su· rang ry(~) ~ 0 khi ~ ~ ±oo 
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~--

a. Xap xl b~c e2 

Thay (3.1) vao (1.3) va sll- dvng (3.2), (3.3) ta nh~n du:qc: 

Fo ( htr- -h,e + '-'te =- uoho)e, 
2 

Fo 2 
u1T- -u1e + aoh1e + -ul- h1 = -uouoe.-

2 Fo 

11 ) 1(1)2 2 u~ 2uo - --a0 (h0 C0 + C, e +- - aoCoCo(- h0 - 2 + ~h0 , 
2po 2po F0 Fo 
Fo c,r- -c,, = o. 
2 

(3.8) 

Nldn phrrang trlnh d'au cUa (3.8) v&i h* vi plnrcmg trlnh thU· hai v&i u.*, sau d6 liiy t6ng va 
tfch ph5.n hai v~ theo € tir -co den +oo ta c6: 

v&i A(t) li tich phin cda tS:t clt cic thil.nh ph'an cOn l~i. 
( ) ky hi~u tich phiin thea ~ tir -oo den +oo 

(3.9) 

Ne'u th~mh ph 'an thU: nhit ella ve phii (3.9) li khic khOng thi it nhilt _h 1 hay u 1 se tang tuye'n 
tinh theo T, llic d6 lCti gilll tifm c~n se khOng hl]i tv khi t __. Oo. Do d6 c'an phii stl· dvng plnrang 
phip nhieu c& thai gian: 

(3.10) 

Trong d6 TI, 1"2, 1"3 Ia cic c& .thCti gian ch%m. LUc nay thinh ph'an a'~ & (3.3) tr& th~mh: 

a a a a a 
- = ~ +e~ +).~ + [3,-. aT ar0 ar1 ar2 ar3 

Sll- dvng (3.10) va (3.11) trong hai phm:mg trinh dau cua (2.8) ta c6: 

Dg khll- thinh ph'an t5.ng tuye'n tfnh theo r0 ta Cli de'n di€:u ki~n sau: 

f = !(~, r,), 

( 2 ) 3 3F;f ( ) -f-Fofe +-ffe-- ffe e=O. Fo rL 2 4 

Ta chuy~n phrrang trlnh thU: ba cda (3.8) sang t9a Cl9 (T, ~): 

T= T, 

Fo 
I=~+ -T. 

2 
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(3.12) 

(3.13) 

(3.14) 



Ta nh~n duqc: 

Ciirtg v&i l:Y do tren ta c'an phii c6 di'eu ki~n: 

Co= Co(\, rl), 

Cor1 = 0. 

b. Xap xi b~c d 

Thay (3.1) vito (1.3) va sd· d•mg (3.2), (3.3), (3.10) va (3.11) ta dm;rc: 

Fo 
h2ro- 2h2e + u2e = -horl- Flhoe, 

Fa 2 
u2ro - 2u2e + aoh2e + Fo u2- h2 = -uor2 -

1 1 2Ft 
- Frttoe- --(aoC2 + arCo)e- arhoe + F:2 uo, 

2 Po o 

Fa 
C2ro - 2C2e = -Corl- F1 Coe· 

Dieu ki~n doi v&i hai phrrcmg trinh dliu ella (3.17) li>.: 

f = f{(,r2), 

( 
2 ) . 3F1 - f- Fofe , + (smC>a- FoFr)fee + -F: fe = 0. 

Fo 2 o 

Chuygnphrrcmg trinh thfr ba cda (3.17) ve t9a eli) (T, \)taco: 

c. Xap xi b~c e(31 

Thvc hi~n tu-crng tl! ta nh~n dtrgc: 

v&i JQ = J•(a = O!cr) 

Co= Co(\,72), 

Co,, + F1 Co, = 0. 

Dieu ki~n cho hai phrrcrng trinh dliu cda (3.21): 
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(3.17) 

(3.18) 

(3 19) 

(3.20) 

(3.21) 



f = f(e,r:i), 
2 

(-,;-f-Fofe) =0. 
_1: 0 T3 

Chuy~n phrr<Yng trinh cu5i cda (3.21) v~ tqa d<) (T, I) 

v6i dieu ki~n: . 

Co= Co(>, T3), 
Co,, - J~ EC0 " = 0. 

(3.22) 

(3.23) 

(3.24) 

Tir cic phuang trlnh nhi'eu c& thCri gian r0 , r1 , r2, r3 theo S. Leibovich va R. See bass [4] c6 

th~ drra d.c phmmg trinh (3.14), (3.16) va (3.22) v~ rni_)t phrrcrng trinh theo bien (T, 0: 

2 ) 3e 3e 2 . 3F, 
( -f- Fofe T +-Ill- -

4 
Fo (ffde + >,(sma"- FoFi)fle +),-F. fe = 0. 

F0 2 o 
(3.25) 

Trrang t'!, tlr (3.16), (3.20) va (3.24) ta c6: 

-Cor- ),F1 C0,+ f3,J;co" = o. (3.26) 

Hay viet l~i (3.26) trong tqa di_) (x,t) ta c6: 

Cot+ (Fo + AF,)Cox- f3,J~ECoxx = 0. (3.27) 

Cac phrrcrng trinh (3.25) va (3.27) cung v&i d.c dieu ki~n ban dau (1.5) chota dang di~u phat 
tri~n ella nhi~u khi thCri giant lCm. 

4. PHAN TicH NGHI~M 

Tnr&c het chung ta nh~n th~y rhg phu:crng trinh (3.25) trung v&i phmmg trinh mo tit dang 
di~u cua dong bj nhi~u do bun d.t day va da drrqc phiin tich dliy du [5] . 

. ,. Pl~ll'ang trinh (3.27) chinh la phrrang trlnh Burgers nghi~m ella n6 drrgc tlm drr&i d~ng: 

Co= aei(kx-wt) (4.1) 

''v&i a- bien d<?, k- sO s6ng, w - t'a.n sO (sO phU.c) 
Thay \4.1) vao (3.27) ta ~hlin du-qc h~ thrrc khuech tan: 

Rew = Fk > 0; lmw = -f31 J;Ek2 < 0. ( 4.2) 

Tir (4.2) ta nh~n th3:y rlng nOng d<) bUn cit Ian truyen xuOi dOng v&i tOed<} F = F0 + AF1 , 

lu&n luOn bn dju h va t1t d'an thee thtri gian. Anh hrr&ng cda bUn cat I en v~n t5c va d9 siu ella 
dong du·qc thg hJen trong cac nghi~m cua (3.12). (3.17) va (3.21). 
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5. KET LU~N 

Trang bai bio nay cic tic gill da str ~l}ng phrrong phip khio sat tuye"n tinh va. phi tuye'n ye'u 
d~ nghien c-ll-u sv- m[t 5n d!nh va phit trign s6ng phi tuye'n cUa nhieu be ella dOng Ct lin c~n tr~ng 
thai dinig. Dong drrac xet co mang bun cat Ia hl-ng chay qua kenh phing, nghieng va day khong 
thay d5i. Trong kh,k, sit tuygn tinh da chi ra drrqc rlng khi dong chay b tr~ng thai dlrng x~y 
ra nhieu be thi cic nhi€iu nay se Ian truyen xuOi dOng drr&i d?ng s6ng v61. cic mOt 3Fo/2, Fo/2, 

F0 , trong do d.c mot F0 /2, F0 Ia tit dlin theo thai gian va mot 3Fo/2 khong thay deli hinh d~ng. 
Rieng dO'i v&i sOng n'Ong d9 hUn cat lan truyE!n v&i mOt Fo khOng thay d5i hinh d;;t.ng. Trang khio 
sit phi tuye'n cho tha:y d<ing di~u phit tri~n ella nhifu ella dOng khi thOi gian t l&n va s6ng n'Ong 
d<? him cit Ian truyen xuOi dOng vOi mOt F va..t!t d'in theo thCti gian. 

Dia chi: Nhgn ngay 12/4/1990 
Vi~n Cr7 Vi~n KHVN, 
Tru:Ung Dq,i hqc TOng hqp Hut 

' A 0 

T AI LI~U THAM KHAO 

1. Nguyen van Di~p, D~ng Hii'u Chung. LY thuyet khuech tan suy r9ng cda chuy~n dQng la 
ltl-ng cda bUn cat trong dOng chiy c6 day bie'n dOi. T~p chi Ca h9c, sO 1, 1990. 

2. Needham D. J. The development of a bedform disturbance in an alluvial river or channel. 
J. of applied mathematics and physis (ZAMP), vol. 39, January 1988. 

3. Frank Engelund. Instability of erodible beds. J. fluide Mech. vol. 42, part 2, 1970. 
4. Leibovich S. and Seebass A. R. Nonlinear waves. Cornell University Press, 1974. 
5. Nguy~n Van Di~p, Phc_tm HUng. MJ:t On d!nh va tJXctng tic phi tuyen cda dOng chiy tren 

kenh nghieng c6 diy bien d5i. T~p chi Ca h9c, sO 1, 1990. 
6. Eglit M. E. The unsteady flow in an inclined channel. Moscow University 1986 (in Russian) 

SUMMARY 

INSTABILITY OF FLOW WITH SUSPENDED SEDIMENT IN AN INCLINED CHANNEL 

In this work the authors had studied the instability _and nonlinear evolution of steady flow 
suspended sediment in inclined channel with fixed and plane bed. With the linear analysis- it has 
been shown that at the critical inclined ·angle, an arbitrary disturbance will be splited in three 
modes 3F0 /2, Fo/2, F0 , in which Fo/2 and Fo propagate downstream and deaden while_ mode 
3Fo/2 propagates downstream and its form is unchanged. In particular the waves of sediment 
concentration always propagate downstream with velocity Fo and unchanged form. The nonlinear 
analysis has shown that the concentration waves propagate downstream with velocity F and deaden 
when the time t is large. 
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