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L Y THUYET KHUECH TAN SUY RQNG 

cuA CHUYEN D(mG LO LUNG cuA BlJN CAT 
' ' ,. ,. _., ..., 

TRONG DONG CHAY CO DAY BIEN DOI 

NGUYEN VAN DI~P, D,!,NG HtrU CHUNG. 

Chuy~n d9ng eli a bUn cit trong dOng chiy c6 d<i.y bifn d6i lit cic qui trlnh phli·c tc;tp 1 diva 
dang du·qc tie'p tq_c thu hUt st;r quan tim nla cic nldt nghi8n cU·u 1:Y thuye't cling nhrr th\t"C ughi~m. 

Nham m& ti qui trlnh v~n chuygn bUn cit diy va. bie'n G5i ctdy, nhieu tic gii di sti· dvng h~ 
phtrcrng trlnh Saint-Venant m<?t ho~c hai chi€:u c6 chll Y t&i phtrcrng trlnh bi.2n d6i d.iy cling v&i 

cic cOng thU:c thv-c nghi~m ho~c bin thv-c nghi~m xic d!nh dOng bUn cit diy [1-3]. 6 diy, bUn 
d.t la lrl:ng da khong drrqc chu y den. 

LY thuye't khuech tin c5 di~n da du·qc nhiEiu tic gi<l sLi· d9-ng nham xiiy dv-ng IY thuye't khw1ch 
tin r6i mO t·<i chuy&n d9ng ella bUn cit Ia lfrng [4-16]. 

Gilt thie't ccr bin chtra d1.rng trong cic lY thuy~t nay Et vi*c ph3.n bi~t dOng v~n tii bUn cit 
theo p-hrrang n~m ngang va tl~eo phlrang thing d-ll-ng (theo chitu ctla tn;mg 1\I'C). Trong ct6, t5c d.9 
bUn cit thea phuang nim ngang bing tOe d9 ella nu&c cQng v&i t6c d<) do dOng khue'ch tin rOi, 
cOn tOe d9 bUn cit theo phtrang thing dli·ng c6 them m9t d'!-.i lur;rng bang tOe d9 Ling ella bim cit. 

0 diy t5c d(? ling nla bUn cit xic d~nh tU: thl!c nghifm. 

C'an n6i them d.ng, thea lY thuye-t niy kich ctQng bUn celt se lan truy'en v&i t5c d9 v& h~n, 
mQt di~u khOng dUng v&i thl!e t&. Nhtrng di&u n3.y cling v&i m9t s5 gilt thie't khic khOng neu ra b 
clay chota thJ:y cic lY thuye"t tren c6 nhi'eu hqn ch€. 

De nghi€n n'i·u .inh hudng e-.la 51! v~n chuy.~r~ bUn cit la lUng de'n d.c qui trlnh bOi, x6i diy, 
nhi'eu tic gii da sfr d~ng lY thuye't khue'ch tin rfll v&i d.c dieu kifn bien khic nhau tren doly [4-16] 
nhilm xic d!nh Sl! bie"n ddi cUa phin bO n'Ong d9 bUn cit theo chi"eu siu, tir d6 dinh gii SJ! bifn 
d5i diy. 

Nhii:ng b3.i toin hai chien niy thrr&ng h€t sU·c phU·c t<;~.p, tuy v~y cling da c6 nhieu cO glng 
trong vi~c th1i- ng~i~m me)t sO b3.i toin thl!c te'. Trong bii bio n<iy, eic t<ic gilt di stl: d\mg lY 
thuyet khue'ch tan l'UY rc?ng [17] nhlm xiy dtrng, cac mO hlt;1h mO ti chuy~n c19ng ella ch5.t l6ng 
mang bUn cat la l&ng. Chuyen de)ng eli a bUn cit trong l&p r:tiy dtrqc xic dinh b&i plnrang trlnh 
bie'n d6i diy v6i dOng bUn cit diy theo c<ic cOng thU:c eta bi€t [1-16]. 

Da chi ra d.c khi nang d6ng kin h~ phuang trlnh chuy~n d9ng rn9t va hai chieu b~ng cic 
cOng thirc th1,rc nghi~m xic d~nh chg dQ vi cu·&ng d9 v~n chuyfn bUn cit. 
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1. LY THUYET KHUECH TAN SUY RONG SU VAN CHUYEN BUN CAT .... ,) , . . . 
2 CHIEU THEO PHUONG THANG DUNG 

Ta,gii thi~t r~ng bUn c<it v~n chuy€n theo 2 cache': ccr che' v~n chuy~n diy trong lCrp mr&c 
sit day v&i chi'eu d3.y 1<1 eva ccr che' v~n chuy~n lcr ltl-ng trong l&p m.r&c tt'r e tOi m~t .thocl.ng. 

Chieu d'ay e dU''!C coi 13. dit nh& vi x;ic djnh tir th1Jc te' ho~c tir cic cOng thU:c b3.n thlfc 
nghi~m. 

n: mOt! Stf v~n chuyAn bUn cit Ia h}ng ta sU: d~ng Iy thuye't khue'ch tin suy r9ng di du·gc 
xay d;rng trong [17]. 

Trong tru·Ong· hqp khOi hrqng rieng cU_a mr&c va bUn cit 13 khOng d~i, di chl ra d~ng vi~c 
ch9n t& d9 trung binh theo the' tkh lam tOe d9 d~c tru'llg cho hbn hq-p se dcrn gib.n h6a m9t cich 
d:i.ng k$ b~d toin nghien clru. 

LUc nay, h~ plnrcrng trinh chung mO t! dwy~n d{>ng cUa. nu&c va bUn cit la lt:rng c6 d<,t-ng sau 
day: 

fj · i1 =0; i1 = Cli11 + (1- c}Uw; p = Pw + c(p;o- Pw)i 

de 1 - - - - - -- = --\7 · J; J = p,c(ii,- ii); pf = p,cf, + p.,,(1- c) f.,; 
dt p, 

dii - - - p, - p,.. [d] - - ] 
p- = pf -\lp+ \lr- - + (J · \l)ii; 

dt p, dt 
(1.1) 

~I 

p, +c(p.,- p .• ) ·ar[d] + (J ~lu] + l= ar[(f> !'"'.];.,)- (1- 1'_."-)dii]- Lvc. 
P:i c ( 1 - c) dt p, p. dt 1 - c 

Trong h~ plnrcrng trlnh {1.1} ta c6 iilft t& d9 trung blnh theo thf tich cda h6n hqp; 11 .• va 
Uw t6c d{> cUa pha. r~n vi pha l&ng ttrang U:ng; c • nOng d9 thf tich ella bUn ca .. t, P.• va Pw - kh8i 
lucmg ri&ng cUa pha. rin va. pha l6I1g tU"ctng li-ng; f ~ dOng khue'ch tin suy rOng ella bUn cftt; p 

• khOi hrsrng rieng trung blnh ella h5n hqp; /~ 1: va {w la ngo<?-i l'!c t<ic d~n~ len 1 dan vj khOi 
luqng ella h6n hqp, pha ri{n vil. pha lOng tu·crng ll-ng; p- ap su5"t; r- tenxcr lrng su5t nh6t; et.r vi 
f3 lJ. c<i.c h~ s5 xuftt hi~n trong phucrng trlnh x<lc d!nh dOng khue"ch t5.n suy rf?ng. 

Cling v&i vi~c cho bie"t d<~mg ella tenxa U:ng suS:t nh&t, cic dieu ki~n bien vi cliE;u ki~n ban 
d'au tU"ang U·ng, h~ plnrang trlnh (1.1) cho phep xic c1inh tOe d<? ella h6n h?"P vi nbng c19 the tich 
ella bUn cit. 

Trang dOng ehcly 2 chieu trong m~t phltng thing dll·ng (xem H.l), ta gi~ thie"t. ding Slf bien 
d5i theo thCri gian ctia t.Oc d<}, dOng khue'ch tin theo phuang thing dU·ng dU nh6 de' cO the' coi phFin 
bO ip su5:t theo plnrcrng thing dU·ng li giJ. tinh. Llic nay, h~ phuong trlnh chuy~n d9ng c6 dry.ng: 

ou ow iJp 
ox + az = O; a z .. pg =O, 

a ( ) a ( ") a ( ) ap arJX ar". - pu +- pu- +- puw =-- + -·-· + --·-ot ax oz ax ax Dz 

'[oJx a( a ) aJ" aJ.] -- ,- +-;- lxu) + -;-(lxw +u-
0 

+ u-a- , 
P~ ut uX f.!Z x z 

( 1.2) 

ac + ~(cu) + ~(cw) =- _1__(8], + aJ, ), 
at ax az p, ax az 
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aJ a a p.c (au. au. au. p.c{3 ac 
--" + -a (u.J,) +-a (wJ,) + ~J, = _,, -at + u.-a + w-a ) - ~-at X Z O:y X Z D.y Jx 

1 

' f3 ac 
Jz=-Q:y-g-~--; 1=p~-Pw• 

P.• I- c 8z 

Thanh ph'an thU: nh5t trong ve phii ella plnrong trlnh cuOi cUng nb h~ (1.2) x<ic d~nh dOng 
bUn cit chuyfn d9ng xuOng diy drr&i tic d\lng cUa IJ!C tn;mg trmJ-ng. 

l 

Hrx,tJ 
?;rx,tJ 

!l,[i!l--+-·--+/ l---~·-1- - - -·-

----- __ ,_j 

,Zilll/ I! Ill /!I ! /6' Jill/ JQ'If'll 
A>CJ th/tfc /;a!(/77/ll) 

Hinh 1. H1 tnfC tqa aq Oxz Hinh 2. Aii'in phitn chia cdc chf it(? bOi, xrli [18] 

cp:~v. 
O:y = -·-. ( 1. 3) 

'lY 

H~ plnrO'ng trlnh (1.2) OU <1~ tim cflc c1<.ti ltrqng chu·a bie't n!Hr u, w, p, J., .!:;, c ne'u cho tru·&c 

cole di'eu ki~n bien tu·cmg U·ng, cLp1g ola tenxa U·ng suat nh6t va tOe J? ling ctb h<.tt.. C'5n hru }r 
r~ng trong (1.2) ta dfi bO di m?t sO 5t) h<.tng nhO b~c cao. 

Dieu ki~n bien tren m~t thoing Z "-"" S'(x, t) c6 d~ng: 

p = p11 ; lz = 0; r, = r.r::, 

a1 a1 w<=-+u.-. 
Bt I ax 

. (1.4) 

c) d.iy p, 1 - ip su5t khl quy~n tr€n m~t thoftng, s, - l\rc t<ic d~1;1g cUt:t. gi6 len ·be m~.t cth ch5't 

lOng, dx, t) - chiCu cao cda m~t thoing; u, va w, Ill c<lc thUnh ph an tOe c19 trung hlnh I heo th~ 
tlch cUa h8n hqp trCn m~t tho<ing. C'5.n n6i them r5ng ne'u ta diwg cac tOe d9 t.rung blnh khic 
ella h8n hqp thl diCu ki~n bien d9ng h9c t.ren m~t tho<ing se thny d6i. 

Kh6 khan nh5t Ia vi~c thie't l~p dieu ki~n bien tren (lay khi dOng t.hOi c6 dOug v~n chuyen Ia 
hi-ng va dOng v~n chuyen dtiy ctb bUn cit. Ne"u g9i Z = Zi(x, t) lll chi'eu cao plt5.n cclc'h gilra l&p 
v~n chuyen Ia l&ug vJ. lCrp v~.n chuyen diy, ta din ph<ii thie't l~p d.c di~u ki~n bi€n tu·ang ling_ t.ren 
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z,. Luc nay bai toan tr& thanh bai toan hai l&p h~t s<rc ph<rc t~p v&i kh6 khan co him Ia m8 hlnh 
h6a SU" van chuy~n bUn cit day. 

D~ k.h£c phvc kh6 khin tren, b diy ta gilt thie't Ia chi~u cao Zi dli nhO d~ cO th~ chuy~n coic 
di€u ki~n bien tren m~t Z1 v'C cic di'eu ki~n bien tri~n m~t diy Zb(x, t). Hay n6i m{>t cich khic 
chuy$n d9ng J&p day imh hrr&ng kh6ng dang k.i Mn chuy:n d{mg ella dong chay n6i chung. Khi 
5:y, tren -diy bie'n d5i Z = Z1,(x, t) ta c6 th~ thie't l%p cic diCu ki~n bien sau: 

(1.5) 

0 day rt, li rna sit diy, Jb dOng bUn cit trao dcii gill-a l&p lcr lll-ng va l&p diy drrqc xiic d!nh 
b~ng th;rc nghi~m. 

D~ x<lc dinh sl.! bie'n dC:i diy ta gilt. thiet c6 phll'crng trlnh sau diiy: 

(1.6) 

Trong ( 1.6) G:r li dOng bUn cit d<iy theo chiCu x, du·vc xic d}nh theo c.l.c cOng thfrc thl!c 
nghi~m ho~c bin gilU tkh. 

H~ (1.2) cling v&i de dieu ki~n (1.4)-(1.6) cho phep ta xac d)nh tru:img dong chiy, tru-lmg 
phin b8 nOng d9 th~ tich bUn cit let lttng va bie'n hlnh lOng d~n trong tru·Ctng hgp cho bie't Tj), Jb, 

Gx. 

2. LY THUYET KH'LJECH TAN SUY RQNG DONG CHAY MQT CHIEU 
', ''',, 

MANG BUN CAT 10 LUNG VA BUN CAT DAY 

Trong nhi'eu bai to in thl,fc te, thay vl sU: d\].ng h~ phrrang trlnh dOng chlty hai chi'eu ( 1.2) v&i 
c<ic dieu ki~n (1.4)-(1.6) ta din phii thu nh~n h% phuang trlnh m9t chieu bing c'ich trung binh 
h6a (1.2) theo chi~·u cao tU: diy t6i m~t thoing [1-3]. Llic nay ta c6 h~ plnrang trlnh x<ic d!nh 
dOng chiy m9t chieu mOd. v$.n tlti bUn cit la ld-ng, bUn cit diy v&i bie'n hlnh lOng dan nlnr sau: 

1U( a]" ) -ac -~If-- J, - DHC~, 
. p, ax ax 

az. aax 1 
-+--=--J/l, at ax p, 

1 p, {3 
k = ar; D = ar p,. · 
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H~ (2.1) dtl. dS xic dinh cic fin him H, U, Jx, C va z,, 
0 diy H li d9 siu Till!C nt.r&c, u- tOe di? trung blnh theo chi€u sau Cl)a. dOng chity, p- m~t 

dO khOi hrqng trung blnh ella hOn h<;rp, J X - dOng kh uech tan suy ri?ng trung blnh theo chieu sau, 
d- nOng d9 the tlch bUn cat trung blnh theo chfeu sau. ChUng du·qc xic d!nh theo cOng Lhll'c: 

' - 11 A(x,t) = H A(x,z,t)dz 

Cac h~ so dih chlnh trong (2.1) c6 d~ng sau day: 

c ' 
a 1,.= ;I I (1+ ;)(l+f,)dz, - I I ( [,,) ( 2 a,,u,.- H _ 1 + p 1 + fu) dz, 

... 
' ' 

a,,=~ I ( 1+ ;f) (1 + f,)dz, 1 I ( !.r) a,.r, = 1f 1 + J~ (1 + f,)dz, 

' 
"'""=~I (1+ ;f)(l+ f,)2dz, 

0 day ta di du·a vao cic gii thiet sa.u· 

p(:t, z, t) cc i·(x, t) + /,,(z, t), 
lx(x,z,t) = J,(x,t) + /T{z,l), 

u(x,z,t) = U(x,t)[1+ J,(c l)j, 

c(x, z, t) = C(x, t) [1 + ~fc..J. ,c 

(2.2) 

(2.3) 

Neu ciic h~ sO di€u chinh c6 thf cho bUng 1, ta. se tlLU cllr'?'C h~ fl]!lrO'Ilg trinh c10'll gi<in suu: 

aH aH au 
- +U- +H- =0 at ax ax , 
au aJJ 1 1 ac p,, az,, aH , (a], aJ,) UIU[ 
-+U-+-gH--+g--+g·--·+- -+U- =··u;.

2
H' at ax 2 p ax p ax ax pp. ' at ax v 

ac ac 1 aJ, 1 
-+U-+ ---· = -J,, 
at ax p. ax Hp .. 

aJx aJ, -(au au) -ac C-
-+U-+1C --+U- +DC-=--1,, 
at ax ' at ax ax k . 
az,, acx 1 - + -- = --]/,. 
at ax P.• 

Trong (2.4) ta dii Sl} d1._1ng c&ng th{rc xic d~nh ma sftt d<iy: 

v&i C - h~ so Chezy. 

_UIU[ 
1'!, = 9P--z2 
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3. c.A.c CONG THlJ"C THyC NGHitM X.A.c DJNH DONG BlJN cAT 

RO rang r~ng d.c h~ phu·ong trlnh thu nh~n du-qc trong ph'a-n 1 va 2 se khOng d6ng kfn neu 
khOng' cho d<;Lng ella cic dOng bUn cit G:r: va Jh. 

TrmJ_c tien ta gilt thie't rang tic d9ng ella dOng ch!ty len d<iy drrqc bifu hi~n qua ll,rc rna sit 
day r 0 . Tlnrc nghi~m cho thffy tOn t~i cic gi<i tr! t&i h;;tn red, Ten Tee [15] trong d6: 

Cic gii trj t&i hc~m nay xic djnh ~he' d9 cling nhtr ctrCmg d9 dOng v~n chuy~n bUn cit. Ta c6 
cac tru·&ng hqp sau dfi,y: 

1) Ma sat diy Tj, thda man b5:t d~ng thU:c: 

LU.c nay kh5ng c6 dOng v~n chuy~n bUn cat diy, nghia li ex = o, chi c6 Slf l£ng d?ng crl.a 
bUn c<it du·&i t~~ dt.mg ella trqt1g tnrCrng, v_i c~ng thtl-c tfnh dOng ling dc;mg d6 c6 d~ng: 

v&i C,, • nOng 09 th~ tich cUa bUn cit diy. 
2) Ma sat clay 1"!, thOa min bit d~ng thU:c 

(3.3) 

LUc nay khOng c6 dOng Uing d9ng clmg nlnr dOng v~n chuy~n dJ.y cUa. bUn cit, nghia lb.: 

Jr, = 0; 

3) Ma sat cHy Tfo thch mfin bitt d~ng tlni·c. 

LU.c nA.y ta c6: 

1& = 0; 

.(3.4) 

(3.5) 

(3.6) 

Nghla Ia trong trm)·ng hqp niy ch\ tOn t;;ti dOng v~n chuy~n bUn cit d."iy v.a khOng c6 tu·ang 
tic gilra bUn cit let lirng vi 1~·i:m cit diy. Cic cOng thU:c xic d~nh Gx c6 th~ tlm tldy tn;mg nhieu 
cOng trinh. 

4) Ma sit diy n, thOa min b5:t ding thli'c 

( 3. 7) 

Trong tnrCmg hqp nay dOng bUn cit diy du·qc chuygn th~ng vio dOng bUn cit la bi'ng. TOe 
dQ x6i diy d1.rqc xic djnh nhtr sau: 

J =(dm) =M (bJ-1)· ,, dt ' ' ' Tee 
(3.8) 

Trong cic cOng thtfc tr:"': ta din ph!ti bie't cho tU·ng tru·Ctng hqp .tinh to.in c~ th~ cic gii tri 
cb, Me, 'TcdJ Tcr, 'fee· C6 th~ Lim th5:y cic gii tr! nay trong rn9t sO cOng trlnh di c6. 
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4. KET LUAN 

Trong bai bao nay chung toi da stl- d~ng ly thuye't khuech tan suy rong j17j nl1~m xay ch,rng 
cic m& hlnh to in h9c mO tlt chuy~n d9ng ella dOng mang bUn cit lo ltl-ng 1 vii 2 chieu vft c6 chU Y 
d~n Sl! trao dC:i gii'ra bUn cit Ia h}ng va bUn cit diy. Da chi ra cic kh.l' nang dOng kfn h% plnraog 
trlnh <:hlly~n d9ng 1 vi 2 chieu blng d.c cOng thll-c thlfc nghi~m xic djuh che' d{- va cwCrug de] v~n 
chuy~n bUn cit. · 

D!a chi: Nh~n ngay 2/1/1990 
Vi~n Ca Vien KHVN 
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