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'SUMAT ON DINH CUA DONG CHAY
O MANG BUN CAT LO LUNG TRONG KENH HO NGHIENG

NGUYEN VAN PIRP, DANG HUU CHUNG

Bai todn v8 sw méit 8n dinh vi phét trién cda nhifu bé d6i véi dong chidy thuin nhit trong
kénh hé& nghidng di dwoc nghitn chu bing phuong phép khdo st tuyén tinh (6], trong 46 day
dwee xem 13 cﬁ.ng, nghia 13 khéng dit ra vin & bifn hinh long din. D81 v&i bal todn <é bidn
dang diy mot s3 tac gih di nghién ciu bing phwong phap phi tuyén nhung ciing chi dirng lai véi
gih thiét khéng c6 buin cat lo limg (2, 3, 5).

Trong bai bio nay, cic tic gid nghién citu sy mat én dinh va phdt trién phi tuyén cda nghiém
dimg v&i nhigu bé cia dong chiy cb mang theo bin cit lo h}’ng trong kénh hé nghiéng. & day
diy dwoc xem la cirng va trong qua tr inh chuyén déng khéng xdy ra s 1Eng. M3 hinh todn hoc
dwgc xiy dung tir Iy thuy&t kliséch tén suy réng {1).

1. DAT BAI TOAN

Hé phweng trinh mét4 chuyén ddng cda ddng ¢ mang theo bin cit lo ldng trong kénh hé
nghiéng <6 ddy phing, c¢frng va gid st khdng xdy ra sv ling trong qué trinh chuyfn déng gdm [1]:

aH GH au

T UG G =0

U AU 1 2 v (8s | 0T, 9H uly|

3 Y as ﬁgH%m”%?“LEZ( 5 V% Hg“’“‘b—ﬁ{ gsina = Cr—p=, (11
ot dr Py Ox ’

a7, ar, U au ac -, . Iz

p 5a (——«+U§—)+DC’=C(‘7951110:-+~;C—).

Trong 46 C, 5, U, T, 13 che dai lwong trung binh theo chi¥u cao clla ndng 4o thd t1ch mit 43
cda hén hop hai pha, van t8c va décg khudch tan, z toa 5 trén truc nghidng, @ géc nghidng cia
truc kénh so v&1 pheong nfim ngang, H 45 siu, g gia toc trong trwdmng, ¢t thoi gian, p,, p, khdi
lwong riéng cia pha rdn va pha 1éng tveng ing, v hidu gifta p, vd g, ,Cy, D, k céc hé s8.
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Pé don gihn, trong khuén kh3 bai bio niy, ta gid thist ring J bign d&i rit chim so véi thai

e

glan, ngh'i'a 13 ¢6 thé xem = 0. Ta dwa vido céc dai lwgng khdng thir nguyén:

v h—E g =

f—“—‘gHO: - HO’

t CHoJ —
' =+gHor, J= =, C=C{,t").
. g 0LO, Pst ( ’ )
Trong 46 @., Hy, I./o,-w/gHo Iin lwot 13 cic dai lwong dic trung cda t6c d8 ¢4l bin cdt lo
leng, d6 siu, chidu dai dong chdy vi vin t8c dong twong ¥ng. Thay (1.2) vao (1.1} vi van si
dung céc ky hiu =z, £, p, C thay cho &', ¢’ 5, C ta nhin dwge hé phwong trinh véi cac bién khéng
thir nguyén sau:

U =

(1.2)

ht—l-uhz —1—huz =O,

[ + iy + ~ 7 cos ahC, + cosahy) = 1 u
ty + U, + ——cosahlC, +cosa =1- -,
Xt s T o ® F2h (1.3)

Cy +uCy + f1J, =0,
J o= J° — x JHEC, + ug + uuy),

E = ] 3.
gHoy Ps Hy B
Hy Q. sin o
- S N P
X Lysina’ A VoHs - Hy' Cy

D 7 v Hp -k sina

Ta 42 dang tim dwoc nghiém dirng cla (1.3} la:

h=1 wu=F C=0% : (1.4)

(i s trong 14n cin trang thai dirng, tai thoi difm t = 0 xuit hién nhidu vé ching bé vé&i bidn
d3 khong thtr nguyén e <1

R{z,0) = 1+ epr{z), u(zr,0)=F +epz(z), Cl(z,0)=C" +=sps(z) (1.5)

i

véri o (z), w2(z), ©3(z) 12 cdc him dia phwong, bi chin cho trwéc. Biy gi¥ chiing ta cin khio sit
digu kién 8n dinh v sw phat trién cda nhidu khi thed gian ¢ 1&m, nghia 13 cin khio sit nghiém cia
(1.3) thda min difu kién ban diu (1.5). Ching ta xét trudng hop fi < 1, e < J* < 1, F = 0(1),
x = 0{1). Vin khdng mit tinh t8ng quit, d& tién ta xem x = 1.

2. KHAO SAT TUYEN TINH
T (1.5) ta tim nghiém cda (1.3) dwéi dang:

h=1+eho+..., u=F+eu+..., C=C"+eCo+..., ‘ (2.1)

Thay (2.1) vio (1.3) ta nhin dwoc hé phwong trink:
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hot + Fhoy 4 upz =0,
1 ¥ ZUO
uge + Fuge + cosahg, + 5;“ cos aCly, + 5 = ho =0, {(2.2)
0

Cat + FCpr = 0.

Phwong trinh cudi cda (2.2) cho.ta nghidgm Cy = S(z — Ft), S ham tiy ¥. St dung didu kién
" ban diu {1.5) va chd ¢ t6i (2.1) ta cd:

Co = pa(z — F1) (2.3)

v&i Co da dwoe x4c dinh ti hai phwong trinh d%u cda (2.2) 13 hé phwong trinh vi phin tuyén tinh
khéng thuin nhiat cla hy vi uo:

hot + Fhog.+ uoe =0,

. 2uq 1 2.4
u0¢+Fuo$+cosahoI+“£—h0=—ﬁlcosatpaa(g) (2:4)
F 2 p0

vél ¢ = z — Ft. Nghiédm riéng cda hé ndy tim dwoc nhir sau:

ut()P} — C]_e* %t,

(?] z~Ft 1 I i —5_ ' (25)
h’O :eco:u[———- f <p3£(g)eco'“d§+C2]
2po ~

C1, C2 cic thdng 53 thy y. Hé ph&dng trinh thuin nhit twong ¥mg véi (2.4) 43 dwoce xét
trong {5, 6]. Vi u})p),hf)p) — 0 khi t — oo hay = — oo, do d6 diu kién 8n dinh cda nhidu bé trong
trwdmg hop niy hodn todn tring véi difu kign da xét & [6]: tga < 4C;

Ta d€ dang nhin dwoc nghiém cda (2.2) trong trudng hop t&i han tga = tgo., = 4C; nhw
aan:

o e 2y e~ B -
:l:—%“lt
oy 3F Fq Fy 2 U i 2.6}
uﬂﬁ“g“f(“*é—ot)Jr[—-gg(I*?t)Jrfo / g(#)d2 ] ™7 4 ug?, (

Co = palz — Fot)

vi f, g cac him bit k¥ va s& dwoce xdc dinh khi st dung cic didu kién ban d3u {1.5). Nhw viy,
trong truérng hop géc nghiéng 61 han tir (2.6) ta thiy ring khi dong chiy & trang thdi dirng xiy
ra nhifu bé thi cac nhidu ndy sé lan truy®n xudi dong dwdi dang séng véi cde mbt: 3F,/2, Fo/2,
'Fy trong d6 cic mdt Fo/2, Fy 13 tit din theo thdi gian vi m8t 3F,/2 khéng thay d5i hink dang.
Riéng dé&i v&i séng ndng 4 ban <ét lan truyen véi mét Fy khéng thay doi hinh dang. Piéu nay
dugc gidi thich do ddng khudch t4n qui bé, do d6 n6 bi bd qua trong khio st tuyén tinh.
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3. KHAO SAT PHI TUYEN

Biy gi¥ ta tiép tuc khdo sat sw phat vrién phi tuyén cda nhifu bé trong trwémg hop lin cin
trang théi t&i han. Lidc niy bai todn dang xét ¢d ba tham s8 bé e, 1 vi A = a - .. Loi gidi
tiém'cdn cda (1.3) duogc tun dwdi dang:

h = 1+€(h0+6h1 + Ahg +ﬂ1h3+ ),
u:F+s(u()+sul+/\u2+ﬁ1ua+...), (3.1)
C= CU+E(C’0+501 + ACE +ﬁIC'3+)

F-":F0+AF1+O()\2), cosa = ag + Aay + 0(A%), siilazga1+,\a0+0[)\2),

F2 sin o,
p=po+erCy, an=cosa, = TU, Fy = \/ c U-: Po = Pw + 'YCO
Iz

Ta thuc hién phép déi bién

. a (9 3F, 0
=1 — = e T,
) 3t 5T 2 3¢
3.2 .
{f SR U ] )
Az A¢
Thay (3.1), (3.2) va (3.3) vao {1.3) v&1 xap xi bic e ta cé:
F
hOT — ?Ohof -+ Upg = 0,
Fa 2u, 1
UorT — E"UUE - G‘,{)}I.oe -+ F(? - ho = —E;Toa.oo{)f, (3.4)

F
COT - —22005 = 0.

Nghiém cda (3.4) chinh 13 (2.6). Tuy uhién, ta chi quan tim dén thinh phin khéng bi trid
tidu khit — oco. Do d6 nghiém dwec xét khi chwa bi ring budc bdi digu kién ban dia la:

ho=1l8),  wo=2f(6), Co=S(g+2T). (3.5)

Hé pliwong trinh lidn hop véi hai phuong trinh diu cda (3.4) nhw sau(xem [5]):

%hz - CI.{)'LLE —ut = 0,
Fo . 2 ) (3-6)
—qu 0 —ut - h‘E =0
v nghism cia (3.6) l1a
. . _F ‘ |
w=n'(E), & °%a+—m( (3.7)

v&i n{€) 1a him bit ki cda £ va gid st rdng n(€) — 0 khi £ — oo
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a. Xap xi bac £2
Thay (3.1} vio (1.3) va st dung (3.2), (3.3) ta nhin duoc:

F
hir - ?the +uie = —{uoho)e,

F 2
uyr - =2 ure aphie + 5wy —hy = —ugupg—
2 Fo ,

1 Y 1 T \2 2 Ug Zu(, (38)
— ——=ag(hgCTo + C)e + ={—) aoCpCoe— ht — 2% 4+ 22 h
27 o(hoCo + Cu¢ 2(.00) 0CoCog™ hy = 7 + 5 ho,

F
ClT - -"Z;QCLE = 0.

Nhin phuong trinh diu cha (3.8} v&i h* v phwong trinh thi hai véi u*, sau d6 ldy tdng va
tich phan hai v& theo ¢ tir —oc dén +oo ta cé:

(hht but)e = ~(2U)eh + TR F e+ 7)) + A(T) (39)

véi A(t) 1a tich phin cda tdt c4 cdc thanh phin con lai.

{ ) ky hiéu tich phén theo & tir —oo dén +oo

Néu thanh phin thi nhit cda vE phail (3.9) 13 khdc khéng thi it nhit Ay hay ug s& tAng tuyén
tinh theo T, lic d6 i gidi tiém cin 58 khéng hi tu khi ¢ — co. Do d6 cin phdi st dung phuong
phap nhigu ¢ thi gian:

=T, 1=el, rn=AT va m=4T (3.10)
Trong dé 71, 2, 73 13 cdc ¢& thdi gian chim. Ldc ndy thinh plin 3%: & (3.3) trd thanh:
8 8 3 3 d
s g Ao + ,
5T~ om  “on T am T Pan (3.11)

St dung (3.10} va (3.11) trong hai phwong trinh d3u cda (2.8) ta cé:

B
A1z, — 'é"hlﬂf + ue = —hor, — (usho)e,
F 2u
Ypry — ‘2£u15 +aghye + ?“1 — hp = —upupe— (3.12)
1~ 1,72 u? 2u
- E‘ﬁ;flﬂ(hucn + CI)E + 5(;;}') ap CoClue — hﬁ - F;% + —Ft—jjhu — Uy, -

D& khi thanh phin ting tuyén tinh theo 7, ta di dén didu kién sau:

f = f(E:Tl)l

(F%f = Bofe),, + gffe - é’?’z"(ffe)e =0. (3.13)
Ta chuyén phwong trinh thi ba cla (3.8) sang toa 46 (T, ¢):
T=T,
§=E+’%T_ (3.14)
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Ta nhin dwoc:
Olru = —Con - uococ-
Cﬁng v&i Iy do trén ta cin phdi cé didu kién:
Co = Co(s,71),

Coy, = 0.

b. Xap xI béc‘s,\
Thay (3.1) vio (1.3) va sd dung (3.2), (3.3), (3.10) va (3.11} ta duwoc

. F
horg — _zghze +uge = —hgr, — Flhge,

0 2
u2,—0—‘?tn!-25+0.0h2§+}:5u3—h2'—"—UOT:—
1"1 2F]_
—FUO ———ﬂ,ng-f—Ct CG —alho +——u,
140¢ 2P0( 1Co)e e+
Fy

0279 “' “5025 = "éorg - FICOE-
 Didu kién d8i véi hai phwong trinh diu cla (‘3.17) Ia:
f =g m),
(Fiof - Fof.s),g + (sin cter — FoF) fe + %f& =0
Chuyé’n.phlr-:mg trinh thir ba cda {3.17) v& toa d& (T,¢) ta cé:

Car, = —Cor, — F1Co;.
Digu kién:

Co = Cols, m2),
Cory + F1Co, = 0.

c. X4dp xi béc 4;

Thyc hién twong tw ta nhin duge:

' Fy ,
har, — ThSE + u3g = —hoyy,

FO 2 . 1 ~

Usry <~ S Use +aghse + F—Ous — ha = ~tgr, — ‘Z‘EGDCSEI
F, . F

Cﬂro - ?0035 = _Cﬂr; "I' ‘]0 (ECOEE —_ ?OUOE(‘:),

véi Jp = J* (o = o)

Di2u kién cho hai phwong trinh d3u cia (3.21):
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f = f{& ),

2 (3.22)
(/- Fofe), =0
o Chuyén phwong trinh cudi cda (3.21) v& toa dd (T ¢)
. Car, = —Cory + Jy ECoe; =0, (3.23)
véi didu kién:
Co = Col¢, 7),
(i} ols: ) (3.24)

Cor, — JECoy = 0.

T cic phwong trinh nhifu c& thdd gian 75, 11, T2, 73 theo S. Leibovich va R. Seebass [4] cé
thé dwa céc phwong trinh (3.14), (3.16) va (3.22) v& mot phwong trinh theo bifn (T, ¢):

2 3 3 . 3F
(Fof — Fofe) + _szff - “{*Fg(ffe)e-+ A(sinag, — FoFy) fee + A“ﬁjfe =0 (3.25)

' Tuong b, tir (3.16), (3.20) va (3.24) ta cé:
~Cof — AFy Co; + B1J5 Coce = 0. . (3.26)

Hay viét lai {3.26) trong toa d& (x,t) ta cé:
Cot + (Fo + AF1)Coz — f1J3 ECozz = 0. (3.27)

'Céc phwong trinh (3.25) va (3.27) cling véi céc didu kién ban diu (1.5) cho ta ding diéu phét
trién cia nhizu khi th¥i gian t 1én.

4. PHAN TiCH NGHIEM

" Trwde hét ching ta nhin thiy ring phwong ti_"inh (3.25) tring v&i phwong trinh mé ti déng
diéu cia dong bi nhi€u do bin cat ddy va d3 dwoc phin tich diy dd [5].
N ‘,”PliLro'ng trinh (3.27) chinh 13 phwong trinh Burgers nghigm cda né dwec tim duéi dang:

CO — aei(k:—ul’.] (41)
véi a - bién 48, k - 8 séng, w - tin 88 (38 phic) '
" Thay (4.1) vio (3.27) ta nhan duoc hé thie khuéch tan:
Rew = Fk > 0 Imw = -4 J; Ek? < 0. (4.2)

Tir (4.2) ta nhin thiy ring ndng dd bun cit lan truy&n xudi dong véi toc 6 F = F, + AF,
luén 1uén 8n dinh va tit din theo th¥i gian. Anh huwdng cda bun cit 18n van t8c va d5 siu cda
dong dwgc thé hidn trong cdc nghidm cda (3.12), (3.17) va {3.21}.
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5. KET LUAN

Trong bai béo nay chc tac gik da sk dung phuong phép khio sat tuygn ¢inh vA phi tuy&n yéu
d¢ nghién ciu sy mét 8n dinh va phdt trién séng phi tuyén cla nhigu bé cda dong & 1an cén trang
thai diriig. Dong dwge xét ¢é mang bin cdt lo bing chéy qua kénh pha.ng, nghiéng va ddy khong
thay ddi. Trong khdo st tuyén tinh d3 chi ra dwoc ring khi dong chdy & trang thai dirng xdy
ra nhidu bé thi cic nhidu niy sé lan truy®n xudi dong dwédi dang séng véi cdc mét 3F,/2, Fy/2,
F,, trong dé cac mét Fy/2, Fo 13 tit din theo thi gian va mét 3Fp/2 khéng thay ddi hinh dang.
Riéng déi vé&i séng ndng d6 bun cat lan truyén véi mét Fy khéng thay doi hinh dang. Trong khio
s4t phi tuyén cho thiy ddng diéu phat tridn cda nhidu cda dong khi thdi gian t 16n vi séng ndng
d4 bun cat lan truyén xudi dong véi mot F v t3b din theo thai gian.

Dia chi: : | Nhin ngdy 12/4/1990
Vién Co Vién KHVN,
Trueng Pai hoc Téng hop Hué
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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 3F,/2, Fo/2, Fp, in which Fy/2 and F propagate downstream and deaden while. mode
3F,/2 propagates downstream and its form is unchanged. Ir particular the waves of sediment
concentration always propagate downstream with velocity o and unchanged form. The nonlinear
analysis has shown that the concentration waves propagate downstream with velocity F and deaden
when the time ¢ is large.




