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SU' PHAN B6 NONG PO TRONG DONG ROl
NGUYEN TAT PAC — PHAM SON

HI tinh todn bdi x6i va phin b8 phu sa trong dong chiy, nhidu tac giid trong va
ngoai nudc di st dung phuong trinh khuéck tdn cb di&n véi hé s6 khuéch tan va

phin b van t6c 1a mét hing s [3 4, 5}. DPieu nay khéng hop v6i bire tranh thyc cda
dong. Trong thiiy lyc hoc kénh hé, d8i vai bai toan phan dirng ngu'orl ta d3 thu dwoce
quy luat phan b8 van tdc trung binh la ham 16 ga cla chitu thing déng va x4c dinh
duge quy luit phan b8 wng sudt tiép trong dong Cac quy luit nay rét phu hop voi
thye t€ va nd ¢ho hé s§ Khu&ch tan theo chiéu thing ding 13 moét ham biec hai, triét
tiéu trén day va trén mit domg, dat cgc dai & phin gita dong [1 2, 6] Theo Gri sa-
nhm [6], viéc xem hé s6 khu&ch tan khong d8i khong the ip dung duge voi dong chay
hé ngay ca.véi xip xi bac mét. PSi véi dong phing, co thd thiy réing do dai dic trung
doc theo doéng l6n hon rdt nhidu d9 dai dic trung theo chidu siu; do d6 thanh phin
chta dao ham theo x (doc theo dong) trong phuong trinh khuéch tin nhd so véi cac

- thanh phin khéc. Vi viy viéc coi hé s8 cha céc thanh phan chtta dao ham theo x bing

hang s6 c6 thé chdp nhan duge.

Dudi day cic thc gid xét bai toan x6i sau cong trinh bing cach giai phvwong trinh
khu&ch (4n ¢d di%n véi hé s& khuéch tan theo chidu thing dirng 12 ham béic 2. Ba thu
duge nghiém cho phan bd ndng 6.

Bai todn i: Sy phin b6 ndng d9 trong donmg phing, déu:

Bai toan dwa v& tim ham phin bd néng d9 Ci1 (y) théa min phuong trinb va didu

kién bién sau:

_ | 4y |
. 1 |- ) 4C 1C ,
Ky ——= [y (1 - 1) —71],+ o= =0, WD — -
-~ dy -h /gy dy R 7
Ci(h) = 0; : Ci(a) = Ca = const, u h !
T vin i 5 {2
o diy: k la bang s6 Cadc-man; ug 1la van t6e dong £ L/~ -
bue, b 14 4o sau clia dong; @ 12 40 tho thiy lye; 77777797 AT TR

Ci 13 nong d9 hal rdn. Tryc y théng dang len

“trén; Ca 1a ndng d9 lai do cao a so v6i day. Chu ¥

ring, tir thee nghi(}m ngudi ta thiy luén ludn tdn tai mol lop sat day voi do day a,
trong @6 nong &9 khong ddi. Nghiém (1.1) dwge cho trong [6].

coe (V2 e aee.
1(y - . 1 véi s (1.2)

Bai todan 2: Sy phan bs ndng d¢ sau cong trinh: Gia s& c6 dong chiy déu voi van tée
I\hoan ddi U. Trong dong ¢6 cfmg trinh ndm & phia 4m cla truc z. Xét sy phan bo
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nong do hat rdn € khi :/> 0. Néu xem kiuéch tan doc theo dong la khong ddi va
hé s6 khuéch- tan theo chitu thing ddng la mot ham cha y [8], bai toan duwa v& gidi
phuong trinh khuéch tan ding sau:

2 ‘ =, ,
Ua_.E':Aav——C"%*ku;:i—[;(1—1)3(::]4'“)_6:6' 2.1)
dx 3 x® ay h 5y dy .
v6i édc didu kién bign: o
| Clos y) = 0; Gl ) =0; ) _ |
' _ _ a <?< h: _ z > 0. o (2:2)
Cleo, y)=Cityy J . ‘ C(zs ) = Ca

Trong dé A = const 1a hé s6 khudch tan theo chidu ; cac ky hiéu khac nhu bai toan 1.

bisu kién C (o=, _;5—1 G (;5 duge dit ra nhw mot gid thist cho bic tranh cda dong &
-v6 cing. O bién khong tht nguyén hé (2.1), (2.2) c¢6 dang:

, °E dE a’E dE ,
Ky—F——-Ki—+y( -y +AFt—-2y9)— =0 .3
ax” x| ay? oy .
"E(0, y) = C¥(y) . E(x, D=0 2
E(oe,y) = 0 —h—<y<1; B (x,—i—)=' Sx.)G,_ (2.4)
U A z v
i  do6: = {9 = == - =
rong 9o M= T BT TR YT
, Ci a YA/ 1 A
*(y) = = e — H ' .
C¥(y C. (h—a) '(y 1) (2.5)
Clz, y) = C [C¥(y) — E (z, y)]. (2.6)

Bing cach tach bién E(x, y) = X (2). Q(y) 't (2.3) ta &i dén hai phwong trinh sau:
KoX” —KiX" —MX =0, @.n
g(I—-pQ '+ A +1—2pQ +MQ =0. (2.8)
Trong d6 M 1a hing s& xufit hién do tach bién; diu phiy chi dao ham. (2.8) 1a phwong
trinh siéu b6i, nghiém tdng quat cé dang [7]: :
Q(y) =BiF (e, B, 1—A, 1~¥) + By '(1—y)}\ F (44, {3+A,'1+7», 1-y)
véi By, By 13 cac hing s6; a+B=1; a.f=-M; F—~ la ham siéu boi, didu kién (2.4)

voi Q(1) =0 ¢ho Bi=0 va Q (11) =0 suy ra M>0.
11

Ti méi lién hé giita ham siéu boi F va ham Legendre P. [8] ta co:

. - 1
F(1—u)P§(x)=z“ (4 - WZF(I—M+\’,-P-+V,1—U, 2:5)

v6i 1—x| <2 va T'(2) 1a ham gam ma. Vi m6i lidn hé nay, bing cach thay g = — A
v=-B;

1— .
2x=1—y,hﬁszécc’) dang : i

1=y
—

A2y ,
Q(y):BgF(1+A)( ) ! L *(2y - 1); n=1,2,3,.., (2.9
n




trong do6 vn la nghicm cta phuong trinh sidu vift:

p""?‘( 2. 1)=0 , (2.10)
k% h . ) ' .
L)oo
Q n )=

Sau kh1 xac dmh ducn, Vn te 2. 10) xndt phat te mdi lién he gitia a, [3 voi M ta
¢6 cong thirc xhe dinh Mn: .

ma né c6 do didu kién

My = va{l+Vn); n=1,23,...
phwong trinh (2.7) cho nghiém tdng quat dang:

fr  Oux
X(x) = Ate 4 Aze ~ ,

A1, Az 13 cac hing s8; 91‘> 0s 62<C0 12 2 nghiém cla phuong trinh djc trung:
K202 — Kid — M = 0. E

Diéu kién (2.4) v6i X (o) =0 cho A1 = 0 _ N _ .
Nhuw viy phuong trinh (2.3) v6i eac dléu kign (2.4) cho nghiém dang*

. O —v \A - . I
E(x,y) = EADF(1+A)¢ x(———y ) /2Pv7‘(2y—1) : (2.11)
1 ' n o

v6i Vo 1a nghiém clia (2.10); An 1a tich A2 va Bz véi chi s8 n; 0212 62 véi chi s6 n.
Pv_?‘(ﬁy—l) 1a cic ham truc giao voi y € [a/h, 1] (xem phu luc).
h

D& xac dinh cac hé s§ An ta diang didu kién bién E(o, y) = C*(y) va tnh tryc giao
ctia ham Legendre (xem phu lue):

AR G
w=(5) (%) ra

B A +v F(2+Vn+?\., 1+A—vy, 2+ A, 1—3—)

h

2vn + 1

x 1+ A +vy) (A --vy)oq

trong d6 On 1a cong thac (P.4) trong phu luc. Nhu vy nghiém ciia bai toan phan bé
ndng 46 sau codng trinh c6 dang:

cx, y) = ca[c*(y) —E&x, y)l,

—A oo
h—a (1— y) 2 Oux 2Va41
" h I‘(?\—H) op(1 -+ A+ Vi) (;" - Vn)

A—1

a
E(x, y) = (—h—)

x

n=1

F(1+vn+k A—vg, 244, 1— —h—) FO+Vat A A=—vn, 144, 1~y)

" , (2.12)
F(z—%—vn—l—_?», 14+A =V, 240, 1— T)

Va 13 nghiém chia (2.10) c6 th® tinh bing cong thic gin ding sau [9]:
) A
. F'@A4n): T—Q 2
TTOTR+DT@ 3 '

Voo A 4n— 2.13)
2
¢ =arecos (Ta —1’) ;0 o n=1,2 3
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Nhan xét: Ta thdy ring nghidm (2.12) khae phuc tap. Tuy nhién né dwge bidu dién
duéi cac ham siéu viét d4 dwoe khdo satrdt tdt; chubi cac s6 hang hodi ty, cho nén khi
cho chc gia, tri clia che tham sé ta co6 the 14p chwong trinh iink trén may tfinh.

PHU LUC

A

» =

{. Tinh trwe giao cfia céc ham P
n

Ki hiéu P =P;7‘.(2y—1); Pp = P;"(zy — 1), Khi d6 Pn va P théa min cac
n R

phuvong trinh:

d
%[(1‘.22’ d_f] + [+ vw — A1 = )P =0;
4 [(1—22) &J F 0+ vV — A — D Pa =0
dz dz )
voi z=2y—1; zé[g}%——l,l]-

‘Nhin phuong trinh diu véi Pn, phwong trinh th@ hai v6i P, trir di nhau rdi fich phin
theo z ta duvogce:

. It
2. [dP ap 1 " ’ ,
1 —z) | =P - ——Pa||, = (v=v) (Vv + Vo + 1) | PnPdz.
dz dz 2 4
h _ 2_3 _ ’
h
. 2a .
Chu ¥ réng Pn(—h— —1) =0; P(D)=Pn) =0, ta c6:
1
da (1 2} b, = —(v ~ V)W + Yy + 1 | PaPdz. ‘ (P.1)
h h dz E 1 - i
= h 2a
= -
h.
—A/3
Néu Y=Yy (m == n) thin (-—3—1):0,
m h

do dd .

1 .

anP’de =0 ’ . (P.2)

2a '

— e

h
22




T (P. 1) cho ¥ — Vv, dang qui tic Lopital d¢ tinh gidi han ta duge:

: 1
= | (Pn)’dz =
-
2= h TR g

-

- = = —p
2vp+1 dz 3V

a (1 a) 1 4Py 8 —Af

h h
— -1 -
‘ ‘ _ 12 ! v
- 2“P A(_Zy—-l)] dy 3 on, (P.3)
Vn
2
h V R -
trong do: ) ‘
a -h __Afa M a WAy a)
E;.Pvn(z) N = 2(11) (1_h) o F(g+h+vn,1+l Vn, 2+ A, 1_11);-
T o »
) }"/2 o . p .
_a_P_l D= e 1—z —Vo(1—Va) ... (k—1-Vy) (Vo+1)..(Vatk) .
v Vo T T2 14, E A+ A+2) ... (A+K) ki
u 1=z k
[V atk1) — P(va~k+1D] ( . ) :
A+
a a. 1 (Q4+A4vp) (A—vn) - a
= -— _—— g Ny ! —Vn 7‘-, - - n»
Nn o (1 h) T2 P F(2+7\+v 1+A—v,, 247, 1 . )c
véi - . .
0 —v.(1—vy). . (k—1—v)(Vp+1...(Vva+k) . '
o= 2, k!n(?\+1) A+ ... (A k) ($CatktD = pVa—k+ ] (1 - %) ’

k=1 -

Y 12 ham dao ham loga clia ham gama. |
(P.2) va (P.3) chting- td tinh truc giao cfia ham Pn.
2. Xac dinh hé s6 An.
Tai x=0 ta c6 didu kién:

a A 1-y A 0 1—y )\./2 Y
—-J = n r A —
(h_a) ( : ) Y A ( ) a+MP, "y~
n=1

y

Nhan 2 vé vei (2ZX)TM L =R o i tieh phan 6 tit a/h
an vé vol 5 F(1+)\) Vn y roi tic vp an theo ¥y tu a/

dén 1, do (P.2) va (P.3) ta c6:

a A 1 : l—y Al —A ! Y N
(}:{) ra+ h)f ('y_) Py Qy—1dy= AnJ' [Pvn @y -1)]*dy.
h : &n
1
| \A —\Aa2

Tir d6: A =_1__( a) ! (1__1) —1dv.
" Nn-\h-a/ - U@+M y /- P\’u,_(2y 1_)d3,

. a/h
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Mat khac [h_!

A1

F(C{n‘l“;\-, Bn- [*‘A = )dL-— )

1 )\.+1 ) - - K
- *—(——(1_7&) TF(ont-h, Path 244, 1—13—
i L i ) . 1 }

An = ! (1 —a-)(i)l—-———l————~F(oc +4, B }i 244, 1 i) | (P.5)
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SUMMARY

SEDIMENT DISTRIBUTION IN TURBULENT FLOW

Using the classical diffusive equation with variable coefficent of diffusion the
authors solve a problem concerning with sediment distribution in turbulent flow having
construction. The sediment concentration distribution is pointed out in the paper.
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