
T~p chi CO HQC, t~p XIII, 1991, s6 2 (8 - 14) 

su oN DINH cuA DONG CHAY c6 VAN TAI BUN CAT 
0 0 ° 

TRONG KENH HCJ NGHIENG c6 BIEN DANG DAY 

D~NG HUU CHUNG 

Bii toin v'€ di'eu ki~n 6n d!nh cUa dOng chiy b! kich d9ng be di drrqc nhi'eu tic gii nghi€n 
cU·u tr€n c<Y sb h~ phrrang trlnh Saint-Venant. Trong d6 dOng chiy li thu'an nha:t, nghla li kh&ng 
c6 v~n tii bUn cit la h}ng, vi ket qui thu dm7c cho g6c nghi€ng t&i h~n bio dim S\f bn d!nh cda 
dong chiy thu'an nhil:t trong kenh h& nghieng la tga <; tga,, = 4C1 (xem [1]}0 

Trang b3.i bio niy tic gift nghien cli-u t6ng quit han di€u ki~n 6n dinh ella dOng chiy c6 mang 
bUn cit lcr ld-ng trong k€nh nghi€ng c6 diy bie'n dbi do Htng d<;mg hay bio x6i. Ke"t qui thu du:yrc 
chU:ng tO th3.nh ph'an bUn cit la ld-ng inh hrr&ng de"n di'eu ki~n 5n d!nh ella dOng vi S\f imh hubng 
niy di d1.rqc pharr tich. Trong tnrOng hqp d~c bi~t ke't qui cb di€n dm?'c thu nh~n. 

1. H,¢ PHUONG TRINH TOAN HQC 

H~ phm:rng trlnh m& ti dong chay c6 v%n tai bun cat Ia 111-ng trong kenh h& nghieng v&:i day 
" I I ' , thay doi 2 gom: 

aH uaH Hau _ 
at + ax + ax - O, 

au au 1 '~ ac aH Pb azb , a1x a1x 
- +U- + -gH-cosa- + gcosa- + g-cosa-+ -(- + U-) = at ax 2 p ax ax p ax pp, at ax 

0 U[U[ 
=gsma-CJ-s, 

ac + uac + ~ aJx = _1_(Jb)', 
at ax p, ax H Px 

a1x a1x -(au au) -ac 0 - 1--
- +U- +1C- + U- +DC- =1gsmaC- -CJ at a X at ax iJx . k xo 

azb + iJGx = -~(Jb)', 
at ax p, 

(1.1) 

v&i Zb - di) cao day dong, G, - t6c di) tii bun cit day theo phtrang nghieng Ox, (Jb)' - t6c di) 
ling (x6i) bUn cit theo phrrcrng z, Pb- m~t d{l khOi hrqng ella hbn hqp h~t va mr&c t~i diy. 
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Hinh 1 

Ta bie'n d6i (1.1) v~ d~ng khong thrr nguyen nhtr sau [2]: 

(1.2) 

Trang d6 m = Pb(P, Z = Zb/ Ho, q = Gx/Qb- t5c di} tai khOng thfr nguyen cua bUn cat day, 
(32 = Qb/ Hoylgllr;, Qb- tik di) tai d~c tnrng CUa bun cat diy. 

Bay giCr chUng ta nghien cU11 rueu ki~n 5n d}.nh cho mbi tr<;tng thai ella dOng cho!ty. 

' " ~ .1' 2. KHAO SAT TUYEN TINH 

a. Tnrimg hqp l'!c li-ng su[t tie'p day [rb[ nh6 han I'!C li-ng suat tie'p t&i h~n ling r,d( hi < T,d) 

LU.c .1nay ta c6: 

Gx =0 vi J.=-(dm) 
dt d 

(2.1) 

Thea Krone ta c6: 

(dm) = cbw. (1- hl) 
dt d Ted 

(2.2) 

V&i w .. - v~n t5c l£ng cac h<].t, cb- nOng d9 bUn cit t~i d:iy (Cb = rC, T = const 2: 1). Do 
d6: 
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lr•l dlrq'C xac djnh theo cong thfrc Richards: 

Do d6 ta c6: 

hi uz ,z 
'fed = u;d = u~d 

(2.2) 

(2.4) 

(2.5) 

"v&i Ucd, Ucd - lin hrqt la v~n tOe t&i h~n l~ng c6 thiT nguyen va khOng c6 thiT nguyen tU'cmg 
li'llg. M~t khic ta c6: 

(J"r = hcosa 

st dvng (2.1)- (2.6) h~ (1.2) tr& thimh: 

ht + uhx + hux = o, 

[ 
17 · 1 )j u

2 

X Ut + uux + '2~ cos ahCx +,cos ahx + mcos aZx. + ~f3r(lt + uJx = 1 ~ F2 h, 

(2.6) 

5C u2 

C, + uCx + f31Jx = --(1- -2-), (2.7) 
xh ucd 

x[P'~1 (J,+uJx)+ECCx+C(ut+uux)] =C(1- ;.), 

5C u2 

Z,=-x (1-;;:o), 
cd 

v&i 5 = ZW0 cotga, W0 = W,j,;gf[;; ( v~n toe ling khong th(r nguyen) 
Tad~ dang tlm drr9'c nghi~m dlrng ella (2. 7) Ia : 
h = u 2d/F2 u = U-d Z = 0 C = C 0 J = J' 

c ' " ' J ' 

Chung ta xem {31 < 1, {32 < 1, 5 = 0(1), x = 0(1). Gilt sli· trong ian c%n tr~ng thai dlrng 
xuat hi~n nhi@u be: 

2 

h = j; + h', u = tl.cd + u', C = C0 + G', Z = Z' J = J* + J' 

v&i lh'l, lu'], IC'I, IZ'I, IJ'I < 1. Thay (2.8)vao (2.7) va b6 ditu "'" tanh¥ drrq'c: 

2SC0 u 
Z,+ ---=0. 

XUcd 

Ta tim nghi~m cua (2.9) diT&i d~ng chu~i nhll' dii bigt: 
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(2.9) 
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h _ i(kx-wt) 
- ahe , 

0 = acei(kx-wt)' 

i{b-wt) u.=aue , 

Z = Gzei(kx-wt). 
(2.10) 

Thay (2.10) v1w (2.9) ta nh%n drrgc h~ phmrng trlnh d~i s5 tuy€n tfnh !lin hrgt theo ah, au, ac 
va. Gz vigt dU'6i d~ng vee tO": 

AX=O (2.11) 

v&i 

2 

kucd.- W 
k ucd 0 0 

F2 
F2 . 2 1 , u2 

ikmcos a ikcosa- -- •(kucd- w) + -- -cosa~ki . 2 2po F 2 

A= 
xucd XtLcd 

26C°F2 

0 
xu~d 

i(kucd- w) 0 X=[~~) 
26Co 

0 0 -•w 
XtLcd ., 

Dih ki~n d~ (2.11) c6 nghi~m khilng tlim thrrlmg Ia det!AI = 0. Khai triJn djnh thrrc ta nh%n 
drrqc phuang trlnh sau: 

(2.12) 

TnrCrc he't ta nhij,n dU"qc m?t nghi~rn ·w = kucd, trrcmg ITng vCri mode khOng hao tan, Ian 
dw 

truy~n xuOi dOng khOng thay d5i hlnh d<;mg v&i v~n tOe pha dx = Ucd· Biy giCr ta c'an tlm dH~u 

ki~n cho d.c mode cOn l~i luO~ luOn 5n d!nh. D~ thvc hi~n van de nay ta str d~ng phrrcmg phap 
cda ly thuye't ham bie'n phrrc [1] xet ham phrrc: 

( 
3 ( i ) 2 [ 2 2 ( cosa) .(k6C

0
cosa,P 3k)] 26c

0 
2 if! w) =w -2 kucd- -.- w +w k "cd 1- -F2 -• +- - --mcosak i 

XUcd XtLcd X X 

vCri 

,P = .]__ - 2m = 1 - 2m < 0 
Po C 01 + Pw 

Ta din tlm di'eu ki~-n d~ cho phrrcmg trlnh !J>(w) = 0 khOng c6 nghi~m trong nfra tren ella m~t 
phing phtl-c w hay trong mi'en gi&i h<,tn b&i nti-a drrOng trOn w = Re1"' khi R --+ +oo, 0 ::_;; <p S 1r va 
tn,tc th>rc. Khi w & tren tn.tc th>rc ta tach <r!(w) thanh hai ph lin: 

cos a J Reif!(w) = w [w2 
- 2kucdw +k2 u;.;(l - }i2) , 

lmif!(<u) '~ --
1
- [2w2 

- w(k5C0 cos a</J + 3kucd) - 25C0 cos ak2 u,d] = -
1
-f(w) 

X- X-
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Phrrong trinh Re<P{w) = 0 c6 ba nghi~m thvc: 

y'cosa 
w2,3 = kucd ( 1 =f -F--), 1:/k 

va phrrong trinh Im<P{w) = 0 hay f(w) = 0 lu&n luon c6 hai nghi~m thvc: 
w4 < 0 < w5 1:/k 
CuOi cling ta chi nh~n duqc ba tnrCrng hqp thCa man di'eu ki~n bJ.i toin_dOi v&i k > o (cOn 

k < 0 din de'n cling ke't qui) nhu sau: 
- Tru·irng h'!P 1: 
Di'eu ki%n: 

- Tru·irng h7p 2: 
fheu ki~n : 

- Tru·irng h'!P 3: 
Di'eu ki~n : 

0 

f(wz) <:: 0, w2 <:: 0, f(ws) :>: 0, w3 :>: 0. {2.13) 

0 

Hinh 2 

[(w2) :>: 0, w2 <:: 0, f(w,) :>: 0, w, :>: 0. {2.14) 

Hinh S 

f(wz) <:: 0, W2 :>: 0, f(w 3) :>: 0, w3 :>: 0. {2.15) 
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vbi 

vOi 

0 

Hlnh 4 

Ki!t hgp nghi~m ctla cac h~ (2,13)- (2,15) ta nh~n drrqc dieu ki~n 5n djnh Ia 

F < F
2 

= ,jcos a , u,d- 6C0 cos a!/!+,;;:;, 
- 2 u,d+5C0 cosa(1/!+2) 

!!,. = 9u~d + 2u,d6c0 cos a(31/! + 'l') + (6C0 cos a!/! )2 

(2,16) 

Tad~ ding chfutg'minh d11'9'C rang F2::; 2ylcosa khi t/J 2 -k· Di'eu niy hoim toin thda man 
khi n1\ng d9 bun cat C0 < 20%, Khi dong ch!ty khOng c6 bun cat 10' hl:ng, nghia Ia C0 = 0 hie d6 
F2 = 2y'cos a: ta thu nh~n drrqc dieu kWn c5 diE1n [1]: 

F S 2,jcos a -:==> tga S 4Ct 

Di'eu ki~n (2.~6) c6 th~ drrgc vie't drr61. d~g: 

1 [u,d - 5C0 cos a!/!+ ,;;s] 2c tga <-
_,4 u,d+5C0 cosa(1/!+2) I 

(U7) 

Nhtr v~y dOng chay mang_bUn d.t v&i n&ng d{> nhO se s&m rn&:t 6n d!nh han trrr?mg hqp khOng 
c6 bUn c3.t. 

b, 'Ihrlmg h'!P dong khOng 1£ng va khOng v~n tii bun cat day 
(red< [rb[ < r,c) 
Luc nay Gx = 0 va Jb = 0 va h~ (L1) chi g1\m 4 phrr=g trlnh dau do khong c6 bie'n d~ng 

diy. Dieu ki~n &n d!nh trllng v6i dieu ki~n c& di~n. D~C bi~t trong tnrOng hqp niy s~ phit tri~n 
phi tuye'n cda nhi~u dii dU'qc xet [2], 

c. TrtrCmg hqp dOng kh6ng U.ng vi c6 v~n d.i bUn cit diy 
he < hi < r,,) 
'l'rlrong hqp nay Gx > 0 va Jb = 0, PhU'O'llg trlnh cu5i cda (L2) tr& thanh: 
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az +f3
2
(8q8h + aqau) =O 

~ . 8h8x auax 
{2.18) 

Nghi~m nh~n dlfqc bhg each thay u,d bt'ri F trong tmimg hqp a. Luc nay {2.9) t<<'r thanh: 

h, + Fh, + u, = o, 
2u h 1 

Ut + Fttx +COS ahx + -F - - = - ~h cos o.Ca; - m cos ac/Jx, 
X X 2 

C = S(x- Ft), 

Z = q\(x) 

V&i S vi ¢ Ia cic h3.m drrqc xic d!nh tlr dieu ki~n ban d'au. 

{2.19) 

Di'eu ki~n 5n d!nh hoan to~m nh\1' tru·Crng hqp b. Khi dOng chiy & tr~ng thii g6c nghieng t&i 
h<;tn tga = tgac,. = 401 ta chli-ng rninh dU'gc rlng m9i kich d{)ng se drrgc phin thinh bOn mode: 
F, 3F /2, F /2 va mode dimg {[2]) 

d. 'Ir1rCmg hgp bUn cit diy tham gia vio chuy~n d~mg la lirng 
{/7.[ :0: Ta) 

Luc nay Gx = 0 va Jb = (dm) 
dt ' 

Thea Partheniades: 

Jb = M,(hJ-1), M,- hlng sil thl)"c nghi~m. 
T, 

H~ phrrang trlnh nh~n drrgc hoin toin giOng (2.9) nhung thay tlcd vi 50° ran hrqt b&i Uce 

vi 81 (uce - v~n tOe gi&i h~n x6i kh6ng thfr nguyen). Dieu ki~n 6n d~nh tu-ang tt;r v&i (2.lQ): 

1 [u"- 5, cos ex¢+ ~] 2c tga. < - f 
- 4 U 00 +OJ coscx(,P + 2) 

{2.20) 

v&i 

~ -
5. KET LU~N 

Trang bii bio nay tic gilt di nghien ctl-u sv- ~n dtnh ctia dOng chiy c6 mang bUn cit la lll-ng 
trong kenh c6 diy nghH~ng, cO d<l.y thay d~i v&i cic tr~ng thii khic nhau cUa dOng. Ket qu~ thu 
drrqc chtl-ng td r!ng khi dOng c6 chlra bUn cit & cic tr;:ng thii l~ng hay x6i (bUn cai diy tham 
gia vao chuy~n d{)ng Ia ld-ng) th'i g6c nghieng t&i h<fn be han tru·Crng hgp dOng thu'an nha:t, nghia 
Ia dOng s&m m~t 5n d!D.h han. COn ne"u bUn cit Ia ltl-ng va bUn cat day khOng c6 S\f trao dOi thi 
sv- t8n t~i ctia chuy~n dQng bUn cit kh&ng g§.y inh hrrCrng de'n di'eu ki~n 5n dtnh crla dOng. Trong 
tnrimg hqp d~c bi~t C 0 = 0 kift qui cc5 diiln duyc thu nh%n. 

Tic gilt chin thanh cim on Giio SU' tign si Nguy~n van Di~p vE; nhfrng chi din bO ich. 

Dia eM: Nh4n ngay 27/6/1990 
V£~n Cu hqc 
TrttCrng Dq,£ hqc T5ng hq-p Hut ( xem tiep trang 27) 
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