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~syy PHAN BG NONG DO HAT TRONG 6NG TRU TRON
TRUONG MINH CHANH

* phi tuyén, trong dé cac hiéu @wng do chuyén déng vi mé giy ra déng vai tré quan
trong. Trong bai nay ta sé s& dung md hinh da dwoc xay dung d& gidi thich ding din
idnh huédng clia cic luc ning t6i sy phan bd lai ndng dd cha hat trong émg tru trom,
mdb t3 chinh xie cac hiéu ang nong do & xfp xi da xét.

§1. CAC PHUONG TRINH CO BAN

Mot -16p hén hop don gidn va quan trong cla cac loai hén hgp léng ddng thé
vi mé 12 hdn hop léng vi cyc. Hén hop 16ng vi mbé dwoe goi la hdn hop 1dng vi cuwe
néu d6i voi tdt cd cac chuyén dfng d8u c6 dang cla ten xo van t6c bi&n dang vi md v va

“ten xo @ng xuft vi m6 A nhu sau:

6
vV =v{.E, A\=A.E + (g Aw* + As.E _ (1.1)
trong do E la ten xo Levi-Civita, Elz‘l ten xo don vi hang hai. Nhu vy hdn hop ldng
vi eyc bidu thi dnh hwdng cha chuyén dong vi md qua sy quay duge ddc trung boi vén
téc quay vi mod v
bsi véi hén hop ding hwong vi mo ta c¢6 len xo quan tinh vi mo: ‘

| 1=jg (1.2)
trong 46 j = const 14 m6 men quan tinh vi mé, dat:

I=h.E; o=01.E (1.3)

Khi 46 hén hop 1dng vi cyc ding hwéng hai thanh phin (n = 2) trong d6 khong c6 phan
tng héa hoc dwge md t4 bdi he phuong trinh [1]:

Phuong trinh bio toin khsi lwong chn toan hdu hop:

d —_ —_ —a ’
a—f_{_v_(pua):—v.qua (@=12 1D
Phwong trinh xac dinh ndng d6 khéi lwong cho thanh phan thir nhit:
d(a) - —_— —-a »
o d4c=*V"7f+CV‘(2Ja) (1.5)
i a :
Phuong trinh can bing déng lwgng: . '
R — _ - — — p@ 15— Jxy
P =t YU m P U XL F V2 ——— . ——— (1.6
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TRONG cong trinh [1] ta da xdy dung mé hinh hén hgp 1éng hai thanh phin & dang



Phwong trinh cén bing momen ddng lwong:
(0'1——11)—t1+v7\ +—~v>’7\.11+\/ Aot 1.7

Phurong tr1nh x4c¢ dinh dong khuyéch tan:

D(a) ']1 J a J

= (2211 +§ R%l - ax};‘?l + 5 . Rai 1,8

— 1 7. :
, Dt V Pt o
Trong cac phuong trinh “trén p= Z pu '(O'-‘= 1,2) 1a mét do khéi lwgng clia toan
o .
b6 khéi lwong hdn hop, pe Ii mat d6 khéi lugng ¢ha mébl truéng hop thanh tha a,

Usz 1a van tde dic trung trung bimh cda hdn hgp xic dinh theo cong thitc:

Ea—zamu_u . 23 =

| o 1.9
con dong Khuyéch tin Jo xac dinh theo cong thirc:
Ta - - aw  —a ' '
Jg = P (us — ua)s % 0w Jq =0 (1.10)
p1 ' - -
¢ 1a ndng do khéi luong (c =‘p_‘) clia méi truong hop thanh thié nhit; pf = 2 po fo
e}

v6i fa 14 lge khéi tic dong lrong moi truéng hop thanh thu a, Tl lgc khdi vi mé,
11 la m6 men khéi.

Tée dO thay dbi vin tdc quay dia phwong duwgc xic dinh theo céng thitc:

S @S, e — -
Ol = j§Ppme— + 2T, .7V (1.11
o1 = ]; = =TT M )
Céc dao hiam theo thoi gian duge xac dinh theo céng thire:
4@ 2 - =
it (...)——at—(.--)—{—ua.V(...)
—a -a
D07y _ AV, DT T Mt TaT (1.12)
= - u ol .U .
Dt dt oV e Ve ,

\ -~ - _.a =Ta ~—a _ ] , - -
con t,, t1, t2 va Rg;, Ry7. R9y tuong ung 14 cac thinh phin cua tenxo t+Pg va

ten xo trng xuft khuy&ch tan, t 1a ten xo tng xuét {rung binh cia hdn hop:

v Cac phuong trinh cfu trac phi tuyén nhan dwoe trong (1] @di véi 1, t. ta,
—a _a —a
F1+ Rg1. Ry1.:.+ €6 thd viét duéi dang:

.———-a:

-— - e Jl ——n — — _
=P cta + 110 . — + ke Jg. 05 +2ksJ 1. Qv
1 p1 1

Q

— I

a 7 — 10
Ro1 = I s Ly —
01 1V - ta 11 o1

Ko = 1115_- V_1 - kzl—J?.(Vl —?21.1) -+ k223?-§.]-

.—-\
|

s 5. T8+ ks T2 Q. (113

143 Ta g Ta g
1+21 Q —keI{V vta—kis 7. — +

+ 1\233_ > (V1 “—Q—u) + ku?a ><§J+k25?a D

i
T




— , T
Mz = T8 - 280 + kel §7 - wa+ kis T/ —+
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b= — 2% (v - Qu)—QIISQJ—kz T3 vi—kssT 2 X Qy 4+ kis T2 Dy
- f—{? = —2118 (v — Qu) + 9[19 QJ — kg _J 1 % .771‘7[_— l_g34j‘-"1i Xﬁ,’,~:k5'o —J_;l-,,
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(2)7T3a Saa
a1 (D)% — I3 J2)€
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trong d6:

= - Ji =  1=_=
Q, = — VXua,QI——VXF—,QV=7vXV1
1

N » Ji =+ .
con Dy . DJ v Dv twong ang la cac ten xo léch d8i xing cla (7 uy, AV o1’ Y Vi. Cac
1

hé¢ s8 vat chit n6i chung phu thu6c vao p va ¢ ddng thoi thda man cac diéu kién dwoe
suy ra tir nhiét dong hoc cha cac qua trinh khoéng cin bing sau:

15>0,115>0, M>0, >0, 27 >0,

Ao >0, B3> ,136>0

= = 2 ¢ .
B > ah " i > ot )L 2@, (.14

2
20,33 31
1Py > A

Do trong thye t& nhidu hdp hop chi bhidu hién tinh di thé & nhitng kich thudce dic
trung nhd hon gia tri dg nao &6 nén ddi véi cae bai todn cd kich thudce dic trung 1om
hon dg ta c¢6 thé xét hdn hop di the nhu 1a hdn hop ddng thé& Tuy nhién trong nhidu
‘treong hop khac ta ciing c6 thé st dung li thuyét vé cac héu hop long ddng thd vi md
@4 phat tridn d& xét cac bai toan vé cac hén hop di thé, trong chc trudng hop do ta cén
thay Pe bing py = ps@e trong d6 ps 1a mat d6 thyc cla pha thér & con Qe la ndng dé

_ th& tich ctia pha tht & dwoc xac dinh theo cong thic:
Qo = — 2 Pa = (1.15)

({;'u va v t‘lmng {rng 1a thé tich clia pha the @ va thd tich cia toan hén ﬂh@p)!



§2— SU PHAN BO LAI NONG PO TRONG ONG TRU TRON

Céc hiéu trng néng d¢ trong dong chiy dugc nghién ctu véi mot sé luong ton cae
cdng trinh khoa hoc, tuy nhién vAn chwa gidi thich vé dinh lwgng moét cach triét 38 hién
twong trén [2—4]. Khi phan tich céc luc tae dong vao cac hat cdu rin trong dong chit
1dng ]ihét khong nén duvce véi ndng do thé tich ral bé ngwdi ta d3 tim dwge cdc lwe &
dang [4]: o : _

Fo=—ai(u ~ v) — dsy X (—;'—gx ?) — 83— v) X @ — %4 (u—v). Dy

irong _dé—u va ® ]i van t8c chuyén dong tinh ti€n va chuydn déng quay cda hal ciu;
v vi Dy twong &ng la van téc cha chit 1éng va ten xo léch van tdc bién dang cfia né.
Cac h¢ s6 a1 — &y déu khong am va c6 gia iri cy thd lrong mdi bai toan:
3 p)”? = -3
o = 6T Ma, angu, a3 = :rcasp'z, oy = 81,2329 (?) {Dv | 2
(& do nhét truwgt cha chit léng, a la ban kinh céia hat céu). P6i véi hat hinh ciu nhd
- _ 1 p— Jr—
ta c6 thé lay “’:7‘7. X v, khi d6 so sianh .céng thitrc tinh lyc & trén trong hé toa d¢
quay voi van tdc géc bing vy va cong thie —F; trong (1.13) d6i voi hén hop long vi cye
ta s& co6 thém cac didu kién han ché:
114 <0, kas KO, kos > 0. .1

Du¢i day ta dung moé hinh hén hop 16ng vi cuwc phi tuyén dfing hwéng vi moé va vi
mé d& moé tAd cac hiéu wng ndng 46 trong dong chét 16ng chita cac hat hinh ciu rin.
Bai toan dwgc 4t ra nhw sau: Xét sy phan b6 lai nong dd trong cic dng tru trdn ban

kinh R cfia cac hat hinh céu rin c6 ndng d¢ thd tich ¢ = @1 va mat d¢ thuc p1 = vl_1 =
= const trong chét 16ng c6 mat dé thuc p2 = v;1 = const va néng do6 P2 =1 — ¢ duwédi
lac dung cha lyc khsi fi =—f2 :Eo Qo = consl la gia 18c trong trlr(‘)’ng),'—l-z L.E=0va
gradient 4p sufit khong ddi doc theo truc éng. Dong & day la d6i xtng truc nén’tién hon
cd 14 ta chon van t8c trung binh theo thé tich a, = @, va tim nghiém & dang:

we=ues, i=VDey . T =10)ex ¢ =) 2.2)
trong hé loa do tru.(z, r, ) véi true  huéng theo truc dng.

Trong 1rudomng hgp khi cac ham nhiél ddng luc hoc déu la ham doéng nhéit bac mot
theo cac khéi Iwong thi hé phuong trinh nhan dwoc s& co dang:

14
21
— 1 —_ 1 F)Z —_
J;:—"l—zgv-'r——lé"(l——)go;
o L s
R l§ —_— —_— l —_ - —
vw=—T;? JI.Du—%Jixm—Qu);‘ | (2.3)

J— -_— J— p— — —_— _— -— — —_ - _—
VP —Po8 = — M+ YXVY Xuy +28y X Vi3 0= - ky XYXVi+28yXuy
Pé¢ nhan dwoc phwong trinh (2.3) & trén ta dd gia dinh bd qua anh huwéng cla cédc luc

mét khuéch tan EZ va cdc hiéu &ng phi tuyén trong cac phwong trinh thay déng va cac

“higu ung phi tuyén bie hai theo T : Trong (2-3) ta dat :
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D:%(Mr%l@)?ﬂ- 0=n=~;l"‘“, 0=¢=1r"
o N IETEY- S op e

oL T =2[k E'n(Eer Pr, 6=~ (—5; + Poé‘o) : \ @
o<k= [91111 + lﬁ l21 - (1}4)2] ' S

111
R . .
g, = Lz J‘.Zﬂrpdr = const, A = mGR(E—l-Tl){“'ﬂ[ﬂ - ‘“(E+ﬂ)][1(TR)} !
nR® ) »
o

(tinh khéng am eciia D suy ra tir li thuyét khuyéch tan cd didn). Nghiém ciia bai todn cin
phii théa min cac diéu kién: '

n=0, v—,=mv khir=P;
R
P, = —L ‘1 27tr@dr = const. : (2.3
TR . .
0

Bai todn (2.3), (2.5) cho nghiém & dang [5]:

u(r) = 2AEE+ -1 I,(TR) - 1,(N] + —-—(R

v(r) = 2AL(Tr) + ——Gr
4'{] :

ory =@, — 3— —— kasA [I‘II(TI‘) - 7 Iz('fR)]

9[12
+ AP ko + kzm)[li (Yr)—1% (YR) + BTR)] +

1 G2 9
+—F'—_;}—k25(21 - R+

+ AGT Y& + Ml kasE + kosm) [1 ) — ?E L(YR) ]g —

1
it
1 P2 1 G o 1 1
—1--—]g, 3—-—-—-—- kos [ 12— — R?) + A+ (kasE +
112p . 2

11 :

1 2
+ kasm) ? [IO(YI‘) - T—R“ L(YR) ]% .

trong 46 Ix(x =0, 1, 2) 12 cac ham Bessel bién hinh loai mdt bac =

Bé lam sang t6 4nh hudng cla thanh &ng va truong trong luc vao sy phan bf
lai nong d6 ta khai tridn nghiém @ nhan duwgc ra chudi lily thira theo A = TR 1 va chi
han ché& xét s6 hang c6 bac thip mhit. K& qua nhan dwgc trong cac trudng hop cu thé
sé nhu sau:

~a) Khi van t8c quay ctia hdn hop théa min didu kién dinh trén bién (v =10, m—>oe
khi r = R). Khi d6 sy phin b8 ndng 40 (2.6) s&c6 dang:
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9= Pgoe — iL g — kashi (TR)[ LiTr) — —-12(7':’11 -

16111DT} I (TR) _ -
' , 1
— (%) L(R) + —;113(73)] + B+ M7 (kasE + kas®) [3 2 (") —
2 amaelza 2l _ @.7 -
5 Io(/B)-i- 5L (TR~ ’r 1L ('DITR) + = (TF{)2 & (TR)R

1 P2 1 G 9 1 GR(k2sE + k2sm)

—— ]~ — y ¢— — ka5 - — —_— e T T T A
D ( Pt)gO; n (r-' 2 B‘) M+ M ITR)

S [[0 ) ~ —wmk

V&i A @t nhé ta khai tridn bi%u thtrc cla @ & trén ra chudi. liy thia theo A va
hi giéi han xét t6i cdc s6 hang c6 bic thdp nhit, khi d6 ta cé: :

P2 GR? (ka5 — ka3) [ , 1
= o — 1] —— 0 ———————— et @ =
v =0 ( m)g 8E+m DY (s 9) ;

Dé dang tha‘iy ring khi G >0 (dong chiy lén) thi tai truc 6ng ndéng d¢ cla hat
:at gia tri cyc tidu néu p1 <p2 va dat gia tri cuc dai n8u p1 > p tirc 14 hat nhe hon
hé4t 1dng s& bi dat ra thinh &ng con hat ning hon s& tap trung lai & truc 8ng. Khi G<{0
dong chiy xudng) ta s& c6 hinh anh nguwoc lai. K&t qua nay rdt phu hop véi két qua
rong [2, 3]. Sy phan b8 ndng 46 (2.8) d6i véi dong chiy lén dwge chi rd trong hinh 1.

b) Trudng hop trém bién khong ¢ xody chia hén hop (m = 1). Thay gia tri nhan
uge clia A khi cho m =1 vao (2.6) ta nhin dwgc sy phin bd ndng do twong Gng.-

Vé6i A db nhd lam twong ty nhtr trén ta co:

r
— 2.
R (2.8)

GR%kz23 11 ( pz) ( . 1
P=Qo—rm (— — 1=} go s*——) (2.9
sED1;. | 28 P1 2 _

Tt (2.9) ta thiy tai truc 8ng ndng do s& dat gia tri cwe dai d6i voi dong chay lén
hi p1 >p2 va déi v6i dong chiy sudng khi p1 < pa.

¢) Trudong hop van téc quay cfia hat va xoay cua hdén hop bing nhau trén blen
n = 0).
Trong trwdng hop nay sy phin b6 ndng do (2.6) ¢6 dang:

14

1 GR% Iy 1

(P:‘(Po—”s_—% —;'G’l'(l—p—z) go (52—'?) (2:10)
DLy o1

R rang tai truc 8ng sy phan bé nbéng dd s& dat gia tri cyc tidu trong dong chiy
n néu P1 < P2 va trong dong chdy xuéng n&u p1 > pa.

d) Trudng hgp méat dd thuc cla hai pha nhu nhau (p1 = p2). Trong trudong hop
ay d8i voi didu kién bién th nhit ta phdi xét & (2.7) toi s6 hang bac cao hon theo
khi A 1. Khi @6 ta co:.. R .

1 'G2REA? g
® =@ — 12 (kzs —_ kzs) (54 — s+ E) (2.11)
128D (E4+M) 13

Tw (2.11) ta thiy ngay ring néng do cda cdc hat dat gid tri cuc tidu tai truc 6mg
1 R :
1 dat gia tri cwc dai tai vanh &ng s = 5 Két qui thu dugc & day phu hop vai

are nghiém [2. 6]. Trong truong hqp nay ta ¢6 P=0, vi rd rang dnh hwéng cha trong
tc-coi nhw khéng c6, do a6 két qua thu duge cing..dung cho trwdng hop &ng nim
zang va né mo tad dang h1eu ang ndng dd Segre bllberberg [2, 6]. Sw phan bd ndng dd
.11) dwoge chi ro trén hinh 2.
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P&i voi didu kién bién loai thtr hai tw (2.9) ta thdy nong 40 hat dal gia ri cuc
dai tai truc éng, & day vai tro cfia lwe ning do gradient vin t&c giy ra coi Dhl:" khong
dang k3. C6 thd néi ring & day bién dong vai tro 1a mot tic nhin kim ham chuyen dong
xoay ctia hdn hop vd do d6 gép phin vio viée loai trit 4nh huwéng cla gradient vén tde.

Véi didu kién bién thw ba tv (2.10) ta thdy ndng d¢ dat gia tri cuc tigu tai truc
éng. O day vai tro clia lyc ndng do sw quay ciia_hén hop khong dang ké. - .

i
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=z G >o e 4 |
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Hinh 2

Qua ba trudng hop d3 |xét & trén ta thiy hiéu &hg Ségre-Silberberg dwoc sinh ra
b&i cac co ché thiy déng tinh vi hon hiéu &ng ndng d6 gin thanh va hiéu ang ndng &6
gin truc (bidu hién qua viée 14y xfp xi theo A) bdi vAy né c6 thd bi loai trir bdi cac :
qua trinh khuéch tan trong hdn hgp. Pidu nay gii thich tai sao trong mét s céng trinh, : ‘
mot s8 tae gid d4 phd nhén tdn tai chia hidu tng nay. ‘

Bia chi ‘Nhdn ngay 17/2/1979
Bai hoe Toéng hop
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SUMMARY

CONCENTRATION DISTRIBUTION OF PARTICLES IN PIPE FLOW

This paper deals with the construction of a generalized diffusive theory of micro-

_ fluid polar mixtures. The results of the problem on the concentration distribution of
: particles in pipe flow are given. These resulls are obtained in arcordence with -the
experimental values. ‘
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