Tap chi GO HOGC, tip XIII, 1991, 56 2 (8 — 14)

SU ON DINH CUA DONG CHAY CO VAN TAI BUN CAT
TRONG KENH HO NGHIENG CO BIEN DANG DAY

DANG HG'U CHUNG

Bai toan v& didu kign 4n dinh cia dong chiy bi kich déng bé da dwgce nhifu tic gil nghién
ctru trén cor sé hé phwong trinh Saint-Venant. Trong dé dong chdy 14 thuin nhit, nghia 13 khéng
cé vin tdi bin cat lo ldng, v k&t qua thu dwoc cho géc nghiéng t&i han bdo ddm sw on dinh cda
dong chdy thuin nhit trong kénh héd nghidng 13 tgo < tgae = 4C; (xem [1]).

Trong bii bdo nly tic gid nghién ctu tdng quit hon didu kién oo dinh cda ddng chdy ¢é mang
bun cit lo Ikng trong kénh nghiéng c6 ddy bién d8i do ling dong hay bio xéi. Kéi qui thu duwec
chitng £ thanh phin bin c4t lo Ikng Anh hwéng d&n difu kién 8n dinh cda dong va sw anh hwéng
ndy di dwoc phin tich. Trong trirdng hop dc biét két qud ¢b dién dwoc thu nhin.

1. HE PHUONG TRINH TOAN HOC

Hé phwro-ng trinh mo t4 dong chiy cé vén tdi bin cat lo hing trong kenh hé nghigéng vé1 ddy
thay déi (2] gdm:

3H oH au

B TV Ty =0
au auv 1 ac AH 8%y o 8T, alJ,
— + U H— — — g — =
3t + 9 + g cosaam +gcosaa$ +gp cos @ +ﬁp5( 3 U az)
—gsmaﬂC'fUIUl,
H ‘ ~ ©(11)
BC ac ia.fx__ i (_I)* (.
Bz ps Oz Hp, b
3T, aJ au . aU —.8C BT R P
2t (Et—-l_U )-}-DCEx——jgsmaChECJm
4.z, BG 1 .
ot a0

véi Z, - 46 cao ddy dong, G, - t8¢ 46 tal bun cat ddy theo phwong nghitng Oz, (J,)* - tdc 48
ling (x6i) bin cat theo phwong 2, p, - mat d8 kh3i lwong cda hdn hop hat vi nwée tai ddy.
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Hinh 1

ac  ac ar () (1.2)

Py BT aJ L ac du duy1 i
(P27 Gy +u5,) + B0, < Ol +uz)] =cli- 70,
3z dg (Js)"

Bt EZE‘: - fxsinaps\fg?fg ’
Trong dé m = py/p, Z = Zb/Hg,l g = G,/Q - t&c 35 tdi khéng thir nguyén cda ban cat d4y,

B2 = Qu/Hor/gHo, Qu - t0c 48 tai dic trung cla bln cat ddy.
Biy gi¢ ching ta nghién ctu didu kién 8n dinh cho méi trang théi cia dong chéy.

2. KHAO SAT TUYEN TiNH

a. Trudng hop lwe img sudt ti€p diy |r,| nhd hom lwe dng sudt ti€p t61 han ling ra(in| < 7.4)

(3]:
Lic niy ta cd:
| dm
Theo Krone ta cé:
dm |'I'b|
) =ow.(1- 1) | -
( dt )d b Ted (2 2)
Vé&i We - vin 68c 1ing cdc hat, Cp - nBng d6 biim cat tai ddy (Cy = rC, r = const > 1}. Do

- dé:



Jb 7o ' )
— = —rCW, {1 - — 2.2
Ps § ( 'rcd'.) ( )

|n-,]__dlrc_)'c xac dinh theo ¢dng thic Richards:

|rs| = CU* - (2.4)
Do d6 ta cd .
2 2
Iﬂ’i - rg? - .u_ _ (2‘5)
Ted Ucd cd '

V&1 Usg, thoq - 180 1ot 13 van 8¢ t&i han ling ¢6 thit nguyén vi khéng ¢b thlr nguyén twong
ing. Mit khéc ta cd:

7 (Jb)* = Jpcos - {2.6)
St dung (2.1) - (2.6) hé (1.2) trd thanh: '

hy + uhy + hu, = o,

-y } 3
x[ut + uu, + 5%_ cos ahCly + cos why -+ mcos ady -+ %ﬁl(Jt + u.fa,)] =1— F%ﬁ’
§C u? .

Ct+uCz+ﬁlJz:_;E( "%)a S ‘ (2.7}

[Ps.ﬁl i
x|™ (i + wda) -+ ECC, + Clu + )| = C(1— 5),

5C 2

Zy = (1_ u2 )’

X Yod

véi 6 = 2Wocotge, Wo = W./\/gHo { vin t8c ling khéng thé nguyén)

Ta d& ding tim dwoc nghidm dirng cda (2.7} 13 '

h=w2 /F2 u=uy, £2=0,C=C°J=J"

Ching ta xem 8, < 1, f; < 1, § = 0(1), X = O( ). Glé st trong 14n cin trang thii dirng
xuit hién nhidu bé:

hﬁF“g—e—h’ u=ug+u, C=C'+C', Z=2 J=J+J {2.8)
v&i R, |w'l, 1C', |12, 1] << 1. Thay {2.8)vao (2.7) vi bd ddu “ *” ta nhin dwoc:
! , ) y 3 :
2 .
ht +u'cdh + F2 0:
2 F2h
ut—{—ucdu,—%—”-cosawC +cosahy + meosaZ, + b 5 =0,
2[3 Fz - Xted XUq (2 9)
25COF? ' ’ '
Ct + 1egClp ~ # =0,
Xucd
26C°
Zt =+ s - U
Xlecd

Ta tim nghiém cda (2.9) duéi dang chudi nher di biée:
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h = ap el(kI uf),

= auez{kz—ut},

2.10
C =, ei(kﬂ: wt) Z = a, ei(k:c—ut) ( )

Thay {2. 10) vio (2.9) ta nhin dwoc hé phuong trinh dai s§ tuyén tinh Jin lirot theo ax, gy, a.
v a, viet duéi dang vée to:

AX =0 ' S {211)
véi
o 2 -
kusg—w ko 0 0
F3 2 T
theosa — —5—  i{kuy —w}+ T cos aigkz 1kmcos & O
A= Uod Xted 2P0 F X = Qy
- 26C°F? ’ = | a,
] IR — ) [kucd - W] 0 a
C o XUed z
0
0 25C 0 —
L XUed J

Digu kién d8 (2.11) ¢ nghlem khong tam thuwdng 13 det{Al = 0. Khai trién dinh thitc ta nhin
duge phu’ang trinh sau: .

(kucd — w){w3 o 2(kuc¢ - )w2+

XUed

y k6CH 3k k%1
+ w{kzuﬁd(l -- c:);;') - ( (-—— = 2m) + —)] - 26C°mcos a—z} = Q.
- _ - XY¥cd " PO X X (2.12)
Truée hét ta nhin dwoe mét nghidm w = kuyy, twong dng véi mode khdng hao tdn, lan
N . - - w -~ L. W LY S
truyén xudi dong khéng thay d6i hinh dang v&i vin t0c pha E = u,y. Biy gi¥ ta cin tim diéu

ki¢n cho cédc mode con lai ludn luén én dinh. D2 thuc hién vin 4% niy ta st dung phwong phip
cda Iy thuy&t ham bién phirc [l] xét ham phirc:

] E§CO coseeth 3k 260
Blw) = w? — 2{kugy — : w2+w[k2u2 1- 8%y +,—]————mc03ak2'£
(@) =0® ~ 2(kvea - ) (1~ 52y (T | ) 2
véri
v
1,[)—--—-»2 = e e 2 < 0
COy + pu

Ta cin tim digu kién de cho phu‘o’ng trinh ®{w) == 0 khéng ¢é nghidm trong nira trén cda mit
phing phéc w hay trong min giéi han bédi nira dwdmg tron w = Re'® khi R — +00,0 < p < 7 v3
truc thye. Khi w & trén truc thuc ta tach ®(w) thanh hai phin:

Re®{w) = [ - Zku cdw -+ K2 um(l - Ci::za)],
Im®(w) = - ! [2@2 —_w(kéCQ cos ad + 3ku¢d) — 260° cos oxkgucd] - flw)

XUed XUed

11



Phuong trinh Re®{w) = 0 ¢6 ba nghiém thuc:

4/ CO8 a), Vi

wy =0, waa=ku(lF 7

va phwong trinh Im®{w) = 0 hay f(w) = 0 ludn ludn cé hai nghidm thue:
‘ wy <0< ws Yk
Cudi cting ta chi nhin dwgc ba truwdmg hop thda min didu kién bai todn d&i véi k > 0 (cdn
k < 0 din d&n cling k&t qud) ahr sau:
- Trudng hop 1:
Digu kién:

f(wz) €0, w0, flws) 2‘0, wz = 0. h (2.13}

s
- : -
Wy Wy Wy gy R wf\ ¢
S’
@
Hinh 2
- Truwdng hop 2:
Pidu kién :
flwa) 20, w2 <0, flws) >0, wy>0. (2.14)
2
>
GO g
iy
Hink 3
- Trwdmg hop 3:
Pigu kién :
flwz) <0, w220, flws) 20, wy>0. (2.15)



Hinh 4
véi
. | }
% flw2) = Zqu(F — +/cos a)2 - F(F —+/cosa) (600 cosay + Sucd) —25C% cos o F?,
Ued ' :

2
%f(a@) = Zucd(F + \/coscxl2 - F(F + \/coscxj(éco cos ath + 3ucd) —26C° cos aF°.
ed -

Ké&t hgp nghiém cda cac hé (2.13) - (2.15) ta nhin dwoc difu kién 6n dinh I3

Veosa g — §C% cosa) + VA

2w+ 8CYcosafy +2)

F<F= (2.16)

A = 9u?; + 2ug6c® cosa{S'y’) + )+ {56’0 cos ap)?

Ta d& dang chu’ng minh dwgc réng F; < 2v/cosa khi ¢ > ~%. Dicu ndy hoin toin thda min
khi ndng 43 bun cit C° < 20%. Khi ddng chdy khéng ¢é bin cab lc)' limg, nghia 13 C® = 0 lic 46
F, = 2 /cos a ta thu nhin dwoe didu kign <8 dién [1]:

F < 2\/ecosae <= tga <40y

Pitu kién (2.16) ¢4 thé dwoe vidt dwéi dang:

tegy < 2 [ucd—ﬁcocos ap + VA2
ga

=4 teg + 5CY cos a(yh + 2) ] _Cf {(2.17)

Nhw vy ddng chiy mang biin cit véi ndng 46 nhd s& sémn mét 8n dinh hon trudng hop khéng
c6 bun cét. .

b. Trudng hop dong khdng HEng v khéng van tai bln cat ddy

(Ted < {mp} < o)

Lic ndy G, = 0 vd J, = 0 vd hé (1.1) chi gom 4 phwong trinh dau do khong c6 bidn dang
d4y. Digu kién 6n dinh tring v&i difu kidn <8 didn. Pic biét trong trudmng hop niy sw phat trién
phi tuy&n cda nhidu 43 dwoc xét [2].

c. Trwdomg hop dong khong ling va ¢é vin tii bin cit day

(rer < |m] < 72c)

Truwdmg hop niy G, > 0 va J;, = 0. Phwong trinh cuéi cia (1.2) tré thanh;

13



a8z dg8h dgqdu
EZ 22Ty =0 Z.
at *ﬂz(ah oz + Ju 3:::) ( 18)

Nghidm nhin dwogc bing cich thay .y bdi F trong trwdmg hop a. Lic niy (2.9) tr& thanh:

hy + Fhy +u. =0,

2u h o
? e T = T Cw'— T
u; + Fuy + cos ahy, + F o cos o mecos ad (2.19}
C=8(z- Ft),
Z = ¢(xz)

Véi S va ¢ 13 cde hdm dwge xdc dinh tir digu kién ban d3u.

Digu kién &n dinh hoan toin nhw trwong hop b, Khi déng chay & trang thai géc nghiéng téi
han tge = tga., = 40 ta ching minh dwge ring moi kich d8ng sé€ dwoe phin thanh bén mode:
F,3F/2, F/2vi mode dirng (|2])

d. Trudng hop bun cat diy tham gia vao chuyén ddng lo léng

(7] = 7ee) ;

Lic ndy G, = 0va Jy = (27),

Theo Partheniades: _

Jp = Me(lé- —1), M. - hing s8 thwc nghiém.

s

ce
Hé phwong trinh nhin dwge hodn toin giéng (2.9) nhung thay u.s vd 6C° Tan lwot béi u,,
vi 8y (tge - vin t8c gidi han x6i khéng thir nguyén). Didu kién én dinh twong tw v&i (2.83):

1t — 61 cosarh + /Ay
tgy < [

2
- c 2.
“ 4l ug + by cosald -+ 2) ] 4 (2.20)

B M,cotga

Pav/ gfy ’

61 Ay = 9u2, + 2ug.6y cos 3¢ + 8) + (21 cos ay)?

5. KET LUAN

Trong bii bio ndy tdc gid di nghién ctu s 6n dinh cia doéng chdy ¢6 mang bin cat lo ing
trong kénh <6 day nghiéng, ¢é diy thay d8i v&i cdc trang théai khdc nhau cda déng. Két qué thu
dwoe chirng td ring khi dong ¢é chira biin cdt & cic trang thai ling hay x6i (bun cit ddy tham
gia vio chuyén déng lo léng) thi géc nghigng t6i han bé hon trwdmg hop ddng thuin nhit, nghia
12 ddng sém mét on dinh hon. Con néu bin cdt lo léng va bin cit d4y khéng cé s trao ddi thi
sw tdn tai cia chuyén dong biin ¢4t khéng gdy dnh hudng dén diéu kién 8n dinh cia dong. Trong
triwdmg hop dic biét C° = 0 két qui ¢8 dién dwoc thu nhin.

Téac gik chin thanh cim on Gifo s tién s Nguyén Vin Diép vé nhitng chi din b ich.

Pia chi: Nhin ngay 27/6/1990
Vién Co hoc
Trudng Pai hoc Tong hop Hué {zem ti€p trang 27)
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