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MAT ON DINH VA TUONG TAC PHI TUYEN
3 by k) A ~ -~ # 2 ~ ~
CUA DONG CHAY TREN KENH NGHIENG €O DAY BIEN DOI

NGUYEN VAN BIEP, PHAM HUNG

Trong bai niy sy m&it &n dinh vi twong tdc phi tuyén cia ddng chdy trén kénh nghiéng cé
day bién ddi da dwoc nghién ciu. Trong trudmg hop tuyén tinh, di chira ring khi géc nghiéng
cia kénh biing géc nghiéng t&i han, mdt kich ddng bt ki cila mit thoing v vin tac sé tach lam 3
modes: Mode thi nhit chuyén déng véi van t8c bing 3F/2 vin tdc dic trung theo mit cit, khéng
thay d6i hinh dang. Mode thi hai chuyén ddng v&i vin téc bing F/2 vin téc dic trung theo mit
cit va tdt theo thei gian. Mode thir ba 13 mét séng dirng giy ra do bién ddi diy. Phwong phdp
nhidu ¢& thai gian diroc dp dung trong nghién c¢du phi tuyén, di thu nhin cic phwong trinh mé
td kich déng cda mit thoing, vin téc vi mit ddy khi thi gian 1én. M6t s8 dang nghigm cia céc
phwong trinh trén di dwee khio sét.

1. HE PHUONG TRINH

Hé phwong trink md td dong chiy trén kénh nghidng ¢ ddy bifn d8i (xem Hink 1) c6 dang
sau [1: '

Hinh 1: So @6 déng chdy
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h( + (TJ}'L)I '—_— 0,
. Uz

vy + vug + glh + $), cosa = gsina = (‘f'—k—,' {L.-1)

‘d)t+q::0; Q:Q'(’-';h,d’;).

trong dd h d3 sdu, v vin tdc trung binh theo thiét dién, ¢ gia tdc trong truimg, o g gma truc
Oz va phuong nim ngang, C; hésd khéng thir ngayén, ty le véri ma sit day, ¢ mit ddy . g leu
lugng biin cit ddy, ¢ 1a ham di b8t cta v, A, ¢,

Bing cich dwa vio cdc dai lwong khong thir nguyén:

wo S weh gl g ¢::_¢;'Ia:_{_ o - BV
_V'QH(I H' Qil, Hy' Ly’ Ly, '

trong 46 Hy 46 sin dic truug, Ly dd dai dic trung theo Or, \/gh’u vin 16c dic trong, gn lra
lrong bun cit dde trung, hé (L.1) ¢6 dang khéng thi nguyén nhuw sau (A& thudn tign <8 b ddu (1)
chi cac dai lugng khéng thiv nguyén). :

ht -+ tlﬁh)l = 0,

Lo + v, + fhda b), cos :1) = i Pz;h’ (1.2}
J‘t + qu = 0! q = ‘J(U; hﬂj’.r);
trong dé: _
Y- _H. g qa B fjl_n_cv
Lu - SIn (g’ d \/Z)WT, i \1 ('I '

' chung ta =& xét trudng hop U = 0{1), F = 0{1), # « 1. Khéng mat tinl Ui gudat ¢b 1hé di
X =1 : ‘

3 PN P
2. KHAO SAT TUYEN TINH
Hé (1.2} cd nghigm dirng nhu sau:
h=1, o=F g=q(1.F0. (2.1)
Xét kich déng v ciipg nhé bén canl trang thai cin Bling:

h=1+h, v=F+v, ¢=4¢, |A<1, Pl (¢l (2.2)

_ Gih thi€t 8 ¢ bic cia cic kich ddng nhd, the (2.2) vio (1.2) chi gilr 1ai cde 8 hang bic nhit
“d&i véi cic kich déng, ta thu dwee hd pheong trinh tuyén tinh nhw sau {bd diiu ('} chi cdc kich
ong):

he = Fhy v, =0,

2v ;
v,+F1JJ+(h+q§}_,‘cosa+~§_h:0 i {2.3)
P = 0.

- Phwong trinh cuéi cho nghiém ¢ = ${z) la mdét hanu bit k¥ cda =. I\Aghmn niy =& MO ra cie
kich déng cida vin téc va dé siu twong tng:
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-3 _ (]
hl’)(m)=¢“—’1f‘_“'_; f cﬁm{_i(_f_?s_a_}dz

~F2 4+ cosax (2.4)

v (z) = —Fr*) ().

Néu khéng tinh dén dnh hudng cda biin cit hai phwong trinh d3u sé tao thanh hé 2 phwong trinh
hyperbol d6ng nhit. Nghiém chung cta ching dwoc tim bing phwong phdp Fourrier. C6 thé kicm
tra dwgce ring nghidm cda hé (2.3) sé on dinh néu:

tga < 4C;. ‘ - (2.5)

Két qud (2.5) tring véi két qui thu d\roc d6i voi ddng chdy trén kenh cd ddy cimg, phing (xem

[21)-

Néu tga = 4Cy, nghiém cla hé _[2.5) c6-dang sau:

— )rl-H(x — %F_t) +f(“‘(z~ %t)_-e'%' + h("l(x).

- | (2.6)

T

trong dé £, FU7) 14 cae ham bit ky, A, of*) bidu dign qua ¢(z) theo (2.4).

Nhuw viy khi tga = 4C;, mét kich ddng bit k¥ cda mit thodng vi vin tdc s€ tich ra lam 3
modes: Mode thir nhit chuyén déng véi van tdc 3F/2, khong thay dé hinh dang. Mode thir hai
chuyén ddng véi van téc F/2 vi tit theo thei gian. Mode thé ba 1 m&t séng dimg giy ra bdi
kich dgng ddy. Ching ta quan tim sw phdt trién cda modes thé 1 va thir 3 khi thei gian 1én

3., KHAO SAT PHI TUYEN

Xét sw bién thién phi tuyén clda céc kich déng nhd khi gée nghifng gin gée nghidng t&i han.
Bai todn (1.2) s& ¢4 3 tham s8 nhd | tham s8 thir nhit £ 13 bién 46 khéng shi nguyén cda cdc kich
déng, tham s3 thi hai § 13 t§ s8 gira luu lvong biin cdt dic trung va lun livgng chit ldng difc
trung, tham s8 thi ba A = a — a. (tga., = 4C/).

Nghiém tiém cin cda (1.2) dwge tim dwéi dang sau:

h 1+€(h()+5h1—}-/\hg"}‘ﬁha*'}-...), .
v=F+elve +evy + Avg + Buy +...), {(3.1)
¢ =cl{do+ed+Apa+fds+...). ’

f

Théngsé: F = ""‘f" vi cos o dEu 12 ham phu thudc ching dwoc khai trién theo chudi Taylor:

F:F0+/\F1+..,

cosa = ap + Aay +...
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treng dé:

sin a,, 1 Jsinc,, . .
F” == C - ) Fl = 5 C COthm-, sy Op €08 Oy al == T SUL Qe
.f j

Xét jﬁhép bign déi toa d§ nhr sau:

T=t E=z- %Et.
Thé {3.1) vao (1.2), xdp xi bic £ ¢d dang saw:
hor — —élhuc + v =0,
e = sl e s = =0,
Nghigm cda (3.4} ¢6 dang sau:
P = ¢«!(f + ?‘51 T).
ho e [18) 4 k(€ '?——?T),
v = %’f(-‘:’) woy g+ % T),

—oo dén +oo véi dibu kifn
Ry =0 (=0 [{f—ee

ita thu deoe phwong trinh lign hep cda {3.4) (khéng tink dnh huwdng cda do) nhw san:

. R 2 ..
Tl_h‘f —apve — v =0, . ?UE -+ E;U ——hE = (0.
Nghigm eua (3.6) ¢d dang sauw:
IL:‘() 2
o= D8, R = D)+ = D(£),
v , (£ 9 (€) Fe (€)

trong dé D 14 ham bt ky theo & D — 0 khi j& — co, (ddu () ehi dao ham theo &)
o Xip xl bic £7 <6 dang sau

F
hiT — %hlf + vye = = {vaho)e,

0 F“g yAT F”? . 2 2 'Ufr‘;'
Vip = e b Ay R = - — vgupe — h + = uhy — =5,
1 5 vie L e 7, 1 1 @ie V¢ o0t v 2
3R,
dir - T(ﬁlg =0

(3.2)

{3.4)

(3.5)

 trong @6 f 1 ham bt ky cia & ¢u 1a ham bit ky cia (¢4 27y, h([:"’, ol bidw didn qua do
< theo {2.4). Néu khéng tinh ddn Ank hwdng cia bl cdt thi Ay, vy 13 hdm cila & Nhin phuong
grinh thé nhit vai ham A {€) plwromg trinh thir bai véi o (), cdng lai va idy tich phin theo £ tir

(3.6)

(3.7)




Phireng trinh cudi cho nghiém b= d1(6+ g—F—“lt)
Nhin phwong trinh thi nhit véi A*, phrong trinh thi hai véi v* cong lai va 13y tich phin
theo ¢ tir —co d&n +oo (tich phin nay sé ky hiéu bing { ))tacéd

To sy one o+ 1 (anf¢+f Yo"y + A(T), (3.9)

(hlh‘ + UIU*)T = (
88 hang A 13 ham di bift, thu dwgc do tinh dén twong téc cla ddy véi midt thoing va vin t8c.
Néu s8 hgmg d%u eda v& phai (12 ham cda €) khac khdng, thi vé trii sé ting tuyén tinh theo T vi
vi h*, v* la him cia €, do 45 it nhat trong h;, v; ¢6 mdt him ting tuyén tinh theo T. Khé khin
trén dwge khic phuc bing phwong phip nhiéu ¢ thoi gian (xem [1], [3]). Ngoai blen thdi glan
nhanh 1o = T, ta dwa vio che thoi gian chim nhwe sau: r = T, 2 = AT, 3 = AT.

Phép iy dao him theo T cé dang:
I 3 3

5? 31’ +€‘671+1\'§1—_2‘+ﬁ8—r:; (3..10)

Pé tranh khé khin gip phdi trong (3.9), him f phai phu thm‘_ic th&i gian cham 7| sao cho:

2 3F3
(?I-F(pfe),‘ ! {ffe)a =0, (3.11)
o
Xip xi bic g ¢6 dang saw:
Fo . F
hay, — fhze + vae = —hor, ‘ihoe,
F F3 pAY F'jr Fy 2u, F,
Vgr, — —221.!;;5 -+ -fhzg + -ff_ —hy = —vyy, — 4525 + sinag hoe + ?voc +‘ Fl:“ L (3.12)
3F SF
d"’r.. - _2‘#’2{ = —¢’013 1‘215'”"

D& trinh khé khin dang {3.9), him f phdi phy thudc vao thdi gian chim sao cho:

2 FoFy

(E, P?,f‘g) + sin - fee + ‘_b”"fff =0 | ? (3.13)
Xap xi bic €5 xét trong hé toa dé m, z ¢S dang sau: '
har, + Fohaz + var = —hory,
U‘Br‘.ﬁ' Fovsz + %l‘"hﬂz 5 —¢ar + Fo —hy = —vgyy, . {3.14)

¢'3ru = _¢‘|Jn - 51 h(u - Ll"’Z”(l.r has 03(}6{);3,
trong do6 :

51593 ; §, =

ah h=tv=F =0

_dg

; = .
Yih=lu=F.g4=0 a(¢’?] h=1.o=F.gd=1

QJ{Q.)
LQ.

P2 4y khéng ting tuyén tinh theo o, ¢in thda min phirong trinh sau:
‘ﬁOf: + élh;"] + ‘SZU.L” + 63¢U::;: =0. (315)
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Tir (2.4), (3.5), (3.15) ta cd :

4

F2 ) gﬁilmz + 63(113(),-__”- = 0. - (316)
]

8 — Fybz
Pory T Porgx T (_'"3—_ + ?U?_:

T che phwong trinh vigt véi cdc ¢& thoi gian chim ¢6 thé xdy dyng 1 phwong trinh cho nidt
& thii gian theo phuwong phap Leibovich va Seebass (xem [3]). Tir (3.11), (3.13), trong hé toa dé

T, ¢ tacd:
2 3e 3e . AR F
(—f_F‘OfE) +4‘ff€—VFI?(f)rf.’){—f_ASlnaf:rffE+‘—“'L—f€5:O. (3.17)
Fy L2 4 2
Trong hé toa d3 i,z tir (3.16) ta cd:
4 6, — Fuby 46
-5 %0 + ¢0:) +4 (M_—— + “') Focr + B3¢0 = 0. {2.18)
(FJ ‘ .3 £

4. KHAO SAT NGHIEM

Phwong trinh {3.18) mé t4 bién thifn cda kich déng ddy khi ¢ 16n. Nghiém cda plires frinh
nay dwge tim duwdi dang: )

¢[) — aqbei(k:cfurl

-~ ~ o - ¥ 2
a¢: bién d3, k 38 séng, w tin s8, quan hé tdn xa ¢d dang saw:

4 & — Fo b, 45
wk-?' F(LB—L-{—FE—)-%LMC'}
Rew = ﬁ 3 16 3 Imw = !8 . 16 ¢ (41)
k2 4 — K+
Fy F

Quan hé {4.1) ¢4 thé thu nhin bing phwong phdp Fowrrier dp dung 48i véi hé phuong trinh
(1.2) & tuyén tinh héa. Tir {4.1) ta thiy séng cAt Ja séng tdn xa , truy®n clng chidu dong chiy
néu: 6, — Fob, > 0, ngwoe chitu dong chdy ndu 8§, — Fiby < 0. Ngoki ra néu & = 0, séng cat
truyén cung chidu s8 mit &n dinh, séng truyén ngwoc chifu s€ dn dinh. K&t fudn trén phir hop véi
phwong phap dudng dic trung vd phwong phap khai trién gin mit séng cda Whitham.

Nghigm cia phwong trinh (3.17) dwge tim dwéi dang: f(& — Ut}
Thé vao (3.18) ta thu dwoc phuong trink dao ham thudng sau:

el aa)

f= 4.2
I Fi(f — ) (4.2
.. Néu cho bidt dizu kidn bién:
= oy, -0,
f &z £ (4‘3}
f — 5 — +00.

— ‘s .
Vian tde lan truydu U vi hé s6 o ¢ dang sau:
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3e{ay + az)Fo

=g oa’e .
: (4.4)
_aj+az + ddsina,, 2MF =
=T 32 ' 3eFy
Nghigm cda (4.2) véi @) € f < ay cb dang saw:
- 2f

1ln](j' - ){f - a2)| + 2a — (@1 + @2) Arth f (alifx_zl =¢-Ut+ B, {4.5)

2 a2 — Q) Qg — Qg

trong d6 B li hing 8. Dang chi ¥ 13 phwong trinh (4.2) véi dign kién bién {4.3), 12 x3p xi bic
0(?, €X) cia phwong trinh mb t4 séng li khi a; = 0 (xem Whitham [2]).

Anh hwéng cta biin c4t 1én sy bidn thién cda h, v dwgc mé ti bing nghiém cia hé phwong
trink (3.8), (3.12), (3.14).

5. KET LUAN

Sw mit 8n dinh v3 twong tic phi tuyén cda ddng chdy trén kénh nghidng cé ddy bidn 46i 43
dwoc khdo sit. Trong trwdmg hop tuyén tinh da chira ring khi géc nghiéng bing gde nghiéng tén
han, kich ddng cia mit thodng va van tdc s& tdch ra lam 3 modes. DA thu nhin cdc phwong trinh
mé t3 sw bifn thién cda kich ddng mit thodng, vin t3c va ddy khi thdi gian 16n. Tinh én dinh
cing nhr huéng lan truyén cda séng cit di dwoe khio sit.

Dla chi: ' Nhin ngdy 3/10/1989
Vién Co Vien KHVN
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SUMMARY

THE UNSTABILITY AND THE NON-LINEAR DEVELOPMENT
OF A FLOW IN AN INCLINED ALLUVIAL CHANNEL

In this paper the unstability and the non-linear development of a flow in an inclined alluvial
channel is investigated. It is shown that in linear case, at the critical value of inclined angle the
arbitrary disturbance of the water surface and of velocity will be splited in three modes, The
non-linear differential equations describeing the behaviour of the modes when the time become
large are obtained. Some solutions are analysed, o
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