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LY THUYET KHUECH TAN SUY RONG
CUA CHUYEN DONG LO LUNG CUA BUN CAT
TRONG DONG CHAY CO DAY BIEN DOI

NGUYEN VAN PIBP, DANG HI'U CHUNG.

Chuyén dang cda biin cii trong dong chdy ¢4 ddy bifn 461 12 cdc qud trinh phtc tap, d3 va
" dang dwoc tifp tuc thu hit sy quan tim cda cde nha nghidn cdu 1y thuy€t ciing nhu thie nehiém,

Nhim mé t4 qui trinh van chuyén bin cdt diy va bién d8i diy, nhidu tac gid di s dung hé
phirong trinh Saint-Venant mét hodc hai chidu ¢é chi § t&i phwong triah bign ddi ddy cing véi
chc cdng thire thyc nghiém hodc bin thwe nghiém xdc dinh dong bin cit ddy [1-3]. O diy, bin
cat lo Ikng da khéng dwoc chi ¥ dén.

Ly thuyét khudch t4n 8 dien di dwoc nhitu tdc gid s dung nhim xdy dwng Iy thuyét khuéch
t4n r8i md tA chuyén dong clda bin cdt lo ling [4-16].

Gia thi& co bdn chiva dung trong cic 1y thuy®t nay 1 vidc phin biét dong van tdi bin cat
theo phirong ndm ngang vi theo phwong thing ding (theo chifu cla trong lwe). Trong dé, t8c 8
biin c4t theo phwong nim negang bing t8c d8 cla nuédc cdng véi téc d6 do dong khuéch tén rdi,
‘¢dn t8c 46 bitn ¢4t theo phureng thing ding cé thém mét dai lrong bing t6c 45 1ing cda bin cat.
G day téc d3 ling cda bin cdb xdc dinh tir thue nghiém,

Cin néi thém ring, theo 1y thuy&t niy kich déng bun cit s€ lan truyén véi t8c dd vo han,
mdt difu khdng ding véi thyc t€. Nhing difu ndy ciing véi mét s& gid thiét khac khdng néura &
day cho ta thiy cdc Iy thuydt trén cé nhitu han ché,

Pé nghién civu dnh hwdng cda swr vin chuy’n blin ¢4t o ling dén cac qué trinh bdi, x4l ddy,
nhi€u téc gid d3 st dung ly thuyét khuéch tin rén véi che didu kién bién khéc nhau trén ddy [4-16)
nhim xdc dinh sy bien ddi cda phin bd ndng 4o bin cit theo chidu siu, tir &6 ddnh gid s bién
8 day.

Nhirng bai todn hai chi®u niy thwéng hét sic phic tap, tuy viy cing di cb nhidu <6 ging
trong viéc thi nghiém mét s6 bai todn thwe t€. Trong bii bdo nay, cdc tic gid dd sd dung 1y
thuyét khuéch t4n suy réng [17] nhim xiy dwng cdc md hinh m3 i chuyén déng cia chit 1dng
mang blin cat lor lrng. Chuy&n ddng cda biin cat trong 1ép ddy duge xdc dinh béi phwong trinh
bién ddi ddy véi ddng bin c4t day theo cdc cbng thire 43 bide [1-16].

Da chl ra cdc khi ning déng kin hé phwong trinh chuyér ddng mdt vi hai chitu bing cic
cdng thirc thuc nghiéni xac dinh ch& dé va cuwéng d6 van chuyén bun cét.
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1. LY THUYET KHUECH TAN SUY RONG SU VAN CHUYEN BUN CAT
2 CHIEU THEO PHUONG THANG DUNG

Ta. g:& thiét ring bin c4t vin chuyén theo 2 co ché : co ché vén chuyén ddy trong lp nuée
s4t ddy véi chitu diy 12 € vi co ché vin chuyén lo l¥ng trong 16p nwéc tir € t61 mit thodng.

Chieéu diy ¢ dwoc coi 12 rit nhé v xdc dinh tir thwe t&€ ho¥c tiv cic cbng thirc bin thyc
nghiém.

D& mb t4 sy vin chuyén bin cit lo Ting ta st dung Iy thuyét khuéch tan suy réng di duoc
x3y dung trong [17].

Trong trudng hop khéi lu'cmg riéng cda nwdc va bun cit 13 khong 601 d3 chl ra ring viéc
chon tdc d5 trung binh theo thé tich 1im tdc d6 d3c trung cho hdn hep s& don gidn héa mdt chch
ddng %€ bai toin nghién clru,

‘ Lic nay, hé phwong trinh chung mé ti chuyén ddng eda nwéc va biun cit lo hikng c6 dang sau
diy:

V. g=0; d=cid,+{l—cliu; p=pu+clpe—pul;
=V T T=paeli - a) pf = pecfi+ pull =) fus
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Pa+C(P:u"Ps) . dJ oy — F_ = P ._&i i@ B ﬁ in
de(i-e) Tl T V)ul+JﬂaT[U f"’) ( )dt] Ve

+(J Vﬂ’)ﬂ]; (1.1)

Trong hé ph\ro'ng trinh (1.1) ta c¢é & la téc d6 trung binh theo thé tich cda hdn hop; 4, va
i, téc 46 cﬁa, pha rin v pha léng twong vdng; ¢ - nong d5 thé tich cta ban cat, p, va g, - khéi
lrong rieng cia pha tin vi pha long twong ing; J - ddng khuéch tin suy rong cia bin cat; p
- kh&i lwong riéng trung bink cda hdn hgp; f fu va fm i ngoai lwc tic dung l&n 1 don vi khm
lrong cda hén hep, pha rin v pha léng twong fng; p - dp suft; r - tenxe (ng sudt nhét, ar vi
£ 14 cdc hé s8 xuit hign trong phwong trinh xdc dinh ddng khuéch tan suy rdng.

Cuing véi viée cho biét dang cilla tenxo dng suflt nhét, cic didu kidn bién vi disu kidn ban
diu twong ¥ng, h8 phuong trinh (1.1) cho phép xdc dmh t8c 46 cia hén hop va ndag dd thé tich
ciia bin cdt.

Trong dong chdy 2 chidu trong mit phl"‘mg thing dimg {xem H.1), ta gid thift ring s bifn
ddi theo th&i gian cia tdc 46, dong khuéch tan theo phwong thing ding dd nhé d€ <8 thé coi phin
bé 4p suft theo phwong thing ding la gih tinh. Lic nay, hé phuong trinhk chuyén ddng c6 dang:

du - Aw Ip

55 5 -0 5, P90 |
;%(pu) + i(pug) + ;(pu@) - g% N agf . %;_:_
‘"l[aai ( u) + a%(JIwH ZJ +u%g;_~] | (1.2)
T



8J. A pat Ju Ju du pecf e
Jp = —yel 5 - S
at - (wJ A ar ch( at * Y5z + Bz) ar Jdx
7 = g B3 _ .
F A C‘Tp‘g l—CaZ = Pa Pur

Thanh phin thir nhit trong vé phidi cda phuoeng trinh cudi cling ciia hé (1.2) xdc dinh dong
bin cit chuyén ddng xudng ddy dudi tic dung cla lwe trong trudng.
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Niéis #o05c 1027 (o)
Hinh 1. Hé truc toa dé Ozz Hink 2. Mién phan chin cdec ché d6 bor, xdv [18]

. A 12 2 2 A s - - ~”
Néu goi téc dd lang cia hat 1a W, ta ¢6 the xdc dinh hé 88 ap nhur sauw

2137
A (1.3)
RES
Hé phwong trinh (1.2) dd A€ tim cac dai lwgng chua bigt nhw u, w, p, J,, J., ¢ nfu cho trude
cdc dtéu kién bién twong dng, dang cha tenxo dng suft nhét va tdc d6 bing cda hat. Can lwu y
rang trong {1.2) ta di bd di mot s3 s hang nhé bic cao.
Digu kign bién trén mit thodng Z = ¢(z,t) 6 dang:

p=p. J.=0, 7 =710, : .
3¢ ac ,(1'4)

we = 7 + U,
at dz

& diy p., - 4p sut khi quyén trén mit thoing, 7, - lrc tac dung cda gid Jén b8 mit cda chit -
1dng, ¢(z,t) - chidu cao cda mit thodng; u, vd w, la chc thinh phin t8c dd trung binh theo thé
tich cda hén hop trén mit thoing. Cin néi thém ring néu ta ding cdc t3c dd trung binh khic
cda hdn hop thi ditu kién bién déng hoc trén mjt thodng sé thay dai.

Khé khin nhit 1a viéc thidt 1ip digu kién bién trén ddy khi dong thoi ¢ dong vin chuven lo
Itkng va dong van chuyén ddy cia bin cit. Néu goi Z = Zi(z,t) 12 chidu cao phan cich giira 1op
vin chuyén lo leng vi lép van chuyén ddy, ta cin phai thi€t 13p cdc didu kién bién twong dng trén
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Z;. Lic niy bai todn tré thinh bai todn hai 16p hét sirc phirc tap véi khé khin co bin 13 md hinh
héa s vin chuyén bin cit day.

Dé khic phuc khé khin trén, & diy ta gid thift 1a chitu cao Z; dd nh6 dé c6 thé chuyén céc
didu kién bién trén mit Z; v8 cdc ditu kién bién trén mit ddy Z,(z,t). Hay néi mét cich khic
chuyén déng 16p ddy Anh hwdng khéng ding ké dén chuyén ddng cda déng chiy néi chung. Khi
dy, trén day bifn d8i Z = Z,(z, t) ta cb thé thift 1ip cdc didu kign bién sau:

e =1y w=0 J,=J,. : (1.5)

& diy 7, 1a ma sat diy, Jp dbng bitn cdt trao 481 gifa Iép lo Wng vi 16p ddy dwoe xidc dinh
bing thye nghiém.
P& xdc dinh sy bién dai day ta glé thiét cé phwong trinh sau ddy:

3z, 8G, 1
— = = ——.J, : .
gt dz P b (1.6)

Trong (1.6) G, 13 dong ban cdt day theo chign z, dwee xdc dinh theo cic cdng thic thue
nghiém hodc ban gili tich.

Hé (1 2) ciing véi cde didu kién (1 4)-(1.6) cho phép ta xdc dinh truwdng dong chiy, trudng
phin bd nong 43 thé tich bin cit lo k¥ng vi bién hinh long din trong trudmg hop cho bidt 1, Jp,
a,. ‘

2. LY THUYRT KH’UECH TAN SUY RONG DONG CHAY MOT CHIEU
MANG BUN CAT LO LUNG VA BUN CAT DAY

Trong nhi€u bai toin thyc t&, thay vi st dung hé phuong trinh dong chay hai chigu {1.2) véi
cic dieu kién (1.4)-11.6) ta chn phdi thu nhin hé phuwong trinh mét chitu bing céch trung bink
héa {1.2) theo chitu cao tir ddy t&t mit thodng {1-3]. Lic ndy ta ¢b hé phwong trinh xdc dinh
dong chdy mdt chidu md t4 vin tii bun cdt lo hng, buin cit ddy véi bién hinh 1dng din nhur saw:

aH 3
— + —(HU) =20
5, T3, (HU) =0,
2 a 1 oH
. e _U ltLuH E Hzm H_
Bt(a' Hp )‘L ( a, AUS) + 59 3z +49 9z p 3:: o
a2, 7 a, — a e
toHp S+ n= = [SHTL) + 5 (eus, HILD)],
ad aJ, .

S (HO) + - (@, HTU) = - (152 - ), 1)
'__(Hj:r) + i(auJ Hj_}:U) + lac.f 7:36 = *‘“")'["a*(auHACTLr) + i(a H-_C;U'Z}] -
at . aﬂ: * ]C * . Bt i aI cun

U BJ
p = ) - DHCE
3Zy OG
a3t 9z ) Jln
1 Ps B
ko ap’ D= b
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Hé (2.1) dd @8 x4c dinh cc dn him H, U, J,, C va Z,,

'8} day H 1i d3 siu muwc nwéc, U - 8¢ dd trung binh theo chi?u siu cia déng chdy, 7 - mat

a5 khéi lweng trung binh cha hdn hop, J, - dong khudch tén suy réng trung hinh theo chidu siu,
C - ndng 45 thé tich bin c4t trung binh theo chiu sau. Ching dwgce xic dinh theo cdng thic:

Az, t) = -;7 /A(:c,z,t)dz {2.2)

Céc hé 8 didu chinh trong (2.1) ¢6 dang sau diy:

< ¢
Cpu = }11 (1+ f”)(1+fu) 2, Qg = %j(w %)(1+fu)’~’dz,

z,

e = %f\ (1 -+ _j%)(l + fuldz, oy, = %j (1 4 %i)(l + fuldz, (2.3]
o= L f v I s o= [ (1 22) (10 )

O day ta di dwa vao cdc gid thidt sau:

oz, 2, t) = Bz, ) + f.(z,1),
Jo(z 2z, t) = J (2, 8) + frlz,t),
ulz,z,t) = Uz, 41+ f.(z 1),

. _— j‘r'
clz,2,t) = Clz,t [1 -+ v-—ix;],
Néu cac hé s8 ditu chinh ¢4 thé cho bing 1, ta s& thu divge hé phwong teinh don gidn sau:

8H  GH _ 3U

V— +H— =20
at + dx H '
av aH v 8C L 8z, B8H v (3d. 3, U|U
e b e+ gH = — + g— — ol U = g
at dz P or p 9z +g8z Po. s di * 8:1:) Yoy
ac aC 18J, 1
e [ = ——J, 2.
3t + dz t Da 81 Hp, : (2.4)
ar . U ou ac C -
s pyla g r__ ov e ¢
at * dz N * U ) be oz k J
azy ad, i
—_— 4+ = = =
at aI P.« i
Trong (2.4) ta di s dung céng thire xdc dinh ma sat ddy:
U\ )
(2 ’ (2'5)

v&i €~ hé 56 Chezy.
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3. CAC CONG THU'C THUC NGHIEM XAC DINH DONG BUN CAT

R& rang ring cic hé phwong trinh thu nhin dwge trong phin 1 v 2 s& khéng déng kin néu
. khéng cho dang cda cdc ddng bun cdt G, va Jy.

Trwée tién ta gid thidt ring tdc ddng cla dong chdy l1én ddy dwge biu hidn qua lye ma sit
day 7p. Thuwe nghidm cho thiy tdn tai cic gid tri t61 han oy, 7oy, 7. [15] trong d6:

Ted << Tor < Tae (31]
Cic gid tri t&i han niy xdc dinh ché d5 ciing nhu cwong d dong vin chuyén ban cit. Ta céd
cdc trudrng hop sau ddy:
1) Ma sAt diy 7, thda man bit ding thic:
[T € Te < Tor < Ty {3.2)

Ldc niy khéng cé ddng vin chuyén biin cat ddy, nghia 13 G, = 0, chi cé suw lng dong cda
.. biin cdt dwéi tac dung cla trong trwdmg, va céng thire tinh dong ling dong d6 cé dang:

: dm, .
Ji = —(Ti?)“ =~ OW, (1 - I;Tiil) i G.=0, (3.3)

véri €, - ndng d6 thé tich cda biin cit diy.
2) Ma sit ddy m, théa man bit ding thic

bl

Ted < ITJI! S Ter < Ton

Lic nay khong c¢6 dong ling dong ciing nhw dong vin chuyén ddy cda bin cat, nghia la:

Jo=0, Gp=0 (3.4)

3) Ma sit ddy = thda man bit dang thi,

Tedd < Top < LT;,' S Tew (35)

Lic nay ta cé:

Jp=10 Gz >0 (3.6)
Nghia la trong trwdng hop nay chi t5n tai dong van chuyén ban cit &4y v khéng ¢ twong
tic gitra biin cat lo Hng va him cdt ddy. Cidc cdng thite xdc dinh G, c6 thé tim thiy trong nhigu
c¢odng trinh. :
4) Ma sit day 1, théa man bit ding thic

Ted < Tc,‘r/ < Tee < [Tbl ' V (37)

Trong trwéng hop ndy dong blin cdt ddy dwee chuyen thing vio dong biin cat lo lékng. Téc
dd xéi ddy duoc xdc dinh nhur sau:

d , . -
Jf,:(d—T)ezMe('{ﬂ—l); G. =0, e

ce

Trong céc c6ng thite t17: ta cin phai biét cho tirng trudng h0'p tmh toan cu théd cic gia tri
Cyy M., Tod, Ter, Toe- C6 thé vim thiy cdc gid tri ndy trong mét s ¢dng trinh di cé.
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4. KET LUAN

Trong bai bdo niy chiing t8i di st dung Iy thuyét khuéch tin suy rong {17) nhim xdy dung

cdc md hinh todn hoc md td chuyén déng cla ddng mang bin cit lo limg 1 va 2 chidu va cdchd y
dén s trao déi giira bin cat lo lng vi biin cdt ddy. DA chi ra cic khi ning déng kin hé phwong
trinh chuyén d6ng 1 v 2 chidu bing cdc cdng thitc thwre nghicm xdc dinh ché d§ vi cwirag 45 vin
chuyén bun cét. ’
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