MHEFER S, 519 5 55 8 #1998 4 8 A) N E 220 ) 2 g 25 2 o
Applied M athem atics and Mechanics N5 O T S o I ¢

TmEY  sExRFC

(ISR HERE, 1996 €E 4 H 8 HULHEI, 1997 ££ 3 H 26 HYREME )

ASCHIETE T XS LS 4 O B T s R BRI W HE S T R AR T, Al R R i
TERIREIR o PR 8007 18 Kz 7 AR 73 iy SXCHIR 75 TR A0 404807 A2, 23 0 B R ARRAIE Zeik A 22
R, BUE V545 RANSEBR R 00 AR AT, BEAR S M A RS R Vit PV TR B & Jee

B EE RS R R Pl BR BUET R
029

§1. 3 E

FEAN PR R, FRAT 15K PR RS bty A L a0 g SR AT KR e ORIt I [ — 2R
B fIE %A IE T AR ORI PRI, 1% 07 SO R il 16 ) B Bk U 5, e R AT A BB, —
B 2 SO (B PRI il it ) 72 TR, ANOUAEAE BEAG i oA RS e, 1 HL45 #RA
AN A0 5 e JEEe T 0B YRR ATLEE R S 1 o A FEE 20 A, 6 I s ) it 5 St -3
H

FRT, 70 A IR A W AT, — M WSE i B A A A, 55— 2 1F T 2 R R
TS A — e b A 3 e A & TR AT R, T B D (e (ERAE R VR T
T RSURN 2 Ji 4557 THIAT FEBR Mk Rttt SR 5 26 1 Y o Ao A 90 52 4 1 e A2, i [ 3R AR
%, F A R 59 HUE SR AR R AT T N AT R A R X R T
HIOy R, 38 1SR BUE AR, 420 B 17 AL S HIGE R TR (R2 e ASO el K T —
FU LHUARA WA Fil T — 2 TOLAIHEAT 1 Bt 7

§ 2. VRIMHCAEA
]

BERE b A DI R it B IS ZHE KTAGI 2] 0= 0, BEIR A, B il AR 73T, A8 AR JE KT
AT U A, B S S S PG, ETERIZ Y « e Dy T RN R R B SR A LR

©  Ja B TR B R T2 R, HIK 400016
707



708 X8 L7 = WX 7

JEE2 (R JE AT Tt X AT bR PR B 7t Rl PR X6 YR 0 5 i, B2 Ao i ) PR R I 22
WS VB IS , i BIE 7873 RORIRTSs B AE 5l ity DA Y dnfy X v 3ol 70 23 82 3 A1 AH [
A4 733 BT REAN Fick 3OS H A R AT AL bn 28 T 4 TR VR oo 2 10 R 4R Dy

Jc Jde 1 0 Jc Och
or T %¥ox T & ar[rD ar]+5§%[l) ax}j’(ﬂ; (21)
t= 0,

t> 0,

2
I
=)
[}
I
[}

[=)

=
Il
=
o
Il
- O

t= 0, x > 0,
—

=]

t

>

A VAR V4
=

o =
)

! =0 (2.2)

r=R
A1, ¢, co 4 B FTAT I A B SR ot R AR PRI RIAA DI 200 HL o = 0 115355 AR 4R
W, RN LA, D NGAY AR -

R(2. 1) IR G R

2

G BTN TR B R AR, B BE IR O RO R RRE VB R RO X, &2
() w R D AR, 3o F BT R IR A Kl

BiaEE Myt < 5 NETRE, #ERER N2 3) R

r=0  Or

u'=y (23)
rh
ut = u“ (2.4)
y = 5 (25)

o, e NPEEEH R, y NN AR E N EERRES, V i IS Bk
TEERIRE, 38U N 798, D o 73 iRk % H D £, vE&E, D= D=
const*  HI(2. 1) 18 Z0EKZ FXS il 52 4
. 2 ZPLQ{ 2c | O

ort "ox = r or rar+ax2 (2.6)
gob B M5yt 30, AZ IR, HE o MR AR RY, N
w= u (- 3.05+ 5. 0lny" ) (2.7)
« (R -
Vi = %_ v (2.8

WA A S SRR 3 Y, seo= W/ De= 1( D0 NETRBENY BUREL, seo 2 BT MBI 5, B4
ZEvh R i R KON

u*(R— T)
Dy= Di+ Di = 50 -~ V¢ D (2.9)
5702 9) FONR(2. 1) 185k 0 R R
2 2

FRAACE M7 > 30, NRFLOX, uw F1V, 5540

4



XL 7 FEAE R it i BT 326 68 e 2 A o £ 82 709

u= ux(55+ 2 5ny") (2.11)
_usr(R-1)
Y= 25K (212)

FERVUZLX, D <D, , 6 A B RS ZH% O X2 &9 iR B D
Y r(R-r)
c = t =

(25K (2.13)
B (2 13) AN 2 1) BRI OX By 8O N

dc Jdc Qe Fe w(2R-3r) de

ortMon = Dlat ot T 25k o (218

§3. H1E Wik

JFFE(2 6) (2. 10) F(2. 14) B RR e A0 37 BT A, SR PR S5 R e R A P
A58 114 T, FRRAAS AN A KB 2% A x Ar, W5 x, r FlE BB KA BN Ax, Ar
A ac, GRS IR i, j R0 0, 0 1 e

N TIANR AR R R R, 9 5
SRRSOl BIEAE 25 [0 Ac, (n+ 1) Ac] H By (e
SR BT B2 95 A S U R A 5 7
ORI 45 5 FISE So 2% 43 e

A 377 R AR LW 2% A

801 acl

TS v uss=0 (3.1)
x €/0,+ ), r €/0,R)

1
t € [nAt, n+ | At

2
ci(x,r,nAt) = c¢(x,r, nAt) (3.2)
XA, er NEE—E B n A (n+ 1) Ac] KIRTE 1

W A, (n+ 1/2) At] ) ¢ 18
Al BOTRE B IR (110 S 2% AN

0 .
257 = v (3.3)
W€ [0, + ), r €40, R), 1 € [[m < A (n+ DA
0
cz[x,r,[n+ %/At}: cl[x,r,[n+ % At (2.4)

c(x,r(n+ 1)At) = cof(x, r,(n+ 1) A1) (3.5)
R, co NEERRB[(n+ 1V/2) At, (n+ 1) At] W e ZAH, BT XA FIRAS, BAREGUR
A& T ANE Bsl XAk i A e
N BAI( 2. 14) J9f BTSRRI AE AT
1.
TRFAEER



710 Xg [/ . T

dr _

= 2u (3.6)
oA

dey

- 0 (3.7)
B3, 6) (3. 7) 15

%l = & Lan+ wht (3.8)

ci| x,r, n-u*% At :)61(90/, r,|nAt) (3.9)
(3. 9) L TBLE st

AP o= ite (3.10)

KA, Q F(n+ 1/2) At WZILE IR — S (x| r ) (SIRLES S S 0, j %), 00 80 sl
(3. 8) Wil HEdk I 22 1/2) At FRXTRE IO« o) (R4S A S i, j #oR), EFR n+ 1/2F0
n F8XT R Z( n+ 1/2) At Fln Ar

B 1R T 3( 3. 8) FISR(3. 9) Rk Hste it e —R @ AEMG LS B,y I
7RG« SCERCS) 4 T S PG (R IE 5, PhARK A 26 M« 20(3. 10) B 4axdfa
5, B IOR MR e o AR IELRVE B e M n|ar IFZIFESEE] (0 + 1/2) A %1

2

(3. 4) K (3. 10) KRG ¢ IR o, 1EP/(n +|1/2) A, (n+ 1) At B3P PR
(3.3) WIHHE, (i) TE(n+ 1) At IR B o5 I RAs 20 Sk, mRI A (3. 5) 4
i KRR SRR — AN BT, BB 58 BT A B S b e 3R 2 14) o i A
iR ke Xz i

4 2D.At 2D At| .0 [ DiAt uj (2R- 3 Ar) At] wi 1
z 1+ rz + sz c2i,j = Ar2 + 5 OR Ar C2i, j+ 1
[D(,At ws (2R= 3jAr) At i
AT 5.0R Ar it
D.At .
sz (02t+ll jt CZL lj)+ CZ-:,IJ/Z (3 11)

(3. 1) B4 Fa e fis.

§ 4. LT FEMALE

() r=0

TE r= 0, KUAWKEE A1 XS RRIE, 68 0c/0r = 0, 5 cio = o1 SRAAHE, IR ZEK; 5 H
Bl (2. 1) HZE TR KM, Gl w7 IR (Rl Zm o) Bk, KA B AR B
IR B2

0 de Oe P, e
—%+ w5 = D [a ay2+ azz] (4.1)

X, we HEP OB D NEFOr = Ar/2 BHERISEE T BUER L ITRUGCEL N &
(4. 1) X Bif i #oT R R 22 % 508



XL 7 FEAE R it i BT 326 68 e 2 A o £ 82 711

4D, At 2D.At| D.At n
(3 {1+ 2+ 2} 027,10 = A2 (027+11,0+ 023—11, 0)

Ar Ax
4D At , N
+ e S (4.2)
Ar
(2) r= R
fE r= R Ab, HEFIBEME A ARIBENE, 0c/0r = 0, B ST 2555, (i, m) HIVREE 717 5 #2aX
H
n+1 n n n n n n n n
Cim— Cim Cim1— Cim 1 Cim1— Cim Citlm— 2Ci.m+ Cilm
At - D{Z Ar? "R Ar * Ax?
C;L— m C? m
P Y (4.3)

A, m= R/ Ar, JyBET 45 5 5

FEMES (4. 3) I, Hl r = R — Ar/4 REZ R UMEFE R I« (4 3) T5HI 70 0k
SRARE, HA 4 BT R RS 2022 2% UM g

(3) r=j,Ar

TR MIER ZRAZO XTI s r = j, A &b, BRIGRT w 1D YA P AN X 3k, &
%ﬁ@z%ﬁ&&ﬂ%mﬁig

n+ 1 n n n n n
iy~ cij Cljl— Cij 1 Chj-1- Cij 1
—t——= Dy ———| 1+ 5 + D, ———*| 1+ 5~
At bAr? 2j, "YU ArA T2
noo. 2 n. noo oo noo.
. Ci+ l,.][— Cl,]’+ Ci— ll.Jc Db+ DC . | Ci- 1,]’— Ci+ th (4 4
2= wlr=ja .
ol > =i T Ak )

i, jo NG 2N A% X AL T4 e
(4. 4) Xf Bifh Al #oT R R 22 % 508

[1 Dy At 1+L D.At I—L DyAt DAt
J Ar? 2] " Ar2 2jt+ Ax2+ Ax? 2,

_ 1+ LDbAt n+ 1 1 LDCAt n+ 1
= ﬁ Arz CZL,_]’+1+

— 2][( Arz CZi,j,—l
1| DvAt  DcAt n n n
2 A2t A (3 Lj+ Sl i)+ 02+i,]22 (4.5)

(4) r=joAr

EZRIEEMZHE AT S r = joar & IFRGTE r = j, Ar WIS AT, 75 LA

MRS AZE RN, Sy o S (2. 6) M A, HAE r = 0F r = R ABIAAE 7Y
VLA SABL, A X 2B 48 7 FE BISR AR R A B 22 0 i R g

§ 5. BUEIFE AR R

1,
BUD; = 1+ 107 %em?/s, V= 0.06em*/s, R = 0.05m* SZEWHE m = 10, n= 500(n AN
Hia) 45 5B, Ax = 0.06m, THEL T EHIEE Re = 500.1000 F1 2000 =il i, HAMETHE T



712 PSS - - Wwooox 7

Re= 500, m = 20, n= 250 500 X E T LUR JURHEDL: Re = 5000, m = 30, n =
20 150, Ax = 0.6m; Re= 10000, m = 63, n= 20, Ax = 0.6m *

2

FEEFUIRA T, AR MIXIE — B b, 58 BEAHSE R0 A W, 728 0387  B i,
THFHZIE A B M HRE XA, WK 2 fore BUMER RS T, I BUEEZE S 798, ik
IR HOE A2 1 HRE 5 LSS , O PRI S VR, TSR D B B ST 22, S AT
e AN BT AT AN, B 3 2R T BRI S5 AT Al A Gee

1.0f
0.9}
0.8F Re=500
0.71 i=50
§ 0.6F t =70s
¥ 0.5F 10
nﬁOA- g}
0.3F %6-
0.2f 1 4}
0.1 2k
0.0 e e R S S
56 7 89 101112 13 14 0 40 80 120 160
%R B
2 3
1.0 1.0 l
0.9F Re=10000,:=9,t=6.4s 0.9 |
0.8
50.7 l
0.6 |
i
2O05f— — — — —
§_0.4 |
0.3 | 5000
0.2
0.1 | |
" . — 0.0 - - e
0 8 16 24 32 40 48 56 63 0 24 6 8101214 16 18202224 26
B R x(m)
4 5

FEZVUIRES N, FEIR M B IS — Ui, AR S B3 DGR BN 5], AR BE R
WRIZ 220 BEK, A Tl I Bim, Wl 4 Brase DUNAEZRUIRAS N, 3 BCAMUREE 707 7R %, 1M
HIE T AREEZ K S B, AT AEAR R B RE ) 535 1 i, A6 4T VR D T3 51— B fg
o DRI, ZRURA% O IX TR rh R DX IR R B 8 2, i 30T B BT 1) SR R R A 2 R
RRE R, 10 HL B AE AR T2 L X 58, PRI, BT Wil TR e, T EL AR R 2

M 5 BT, 24 B e AR R BU, JE I IR TR B K R iR . RONTE
JEI, AR P 22 R, JEAT A OB AR AL F R SR 2, F sk b, R R RIS R



XL 7 FEAE R it i BT 326 68 e 2 A o £ 82 713

i, B O VR BO1E Rz N T SR AR A

ZRT, BEE Re 38K, ZIRBI &Y H#LEE /1B
558, T TR E R 2 5, J5 A7 8 R BN AE FH R 55,
PRI, VR = B, W] 6 Fime

NS R 428 52 B R, e (A JHE AR
T 4006 ) M 0. 5 F1 0. 01 B9 K (IR k) N T
0.5 £/ 0.99 MKE(RME), X— IR IWKE
BT BRI AT I R LART TCIe WER IR TR, 18 2
BB (24 RIT FRIXBER) TAE) ¥ITRIE4 T IE
TR R, AR ST IR EIUIE 8 (1 7 k45 T R, LS
FEE 6 R 131X — s

DA JU A WL P4 126 55 8 73 21 B0 01E

§ 6. %

1.0

0.9f

it

N .
3.6 4.8 6.0 7.2 8.4 9.6 10.8

17 BE B x (m)

6

ARSCHETE ) 2 RT3 R R A A T R YRR A A R R, AR AIE 2 AN
ZEP SR AT HUOTRE o3 AR, SRIREER 5 SE PR A2 B AR 45, A SO R 704 T I L
AT TRAE TR ik BUE R MRS B HRE 1 2 S8 AT A A BE PRI TR JE I B A X AR

A IR
1 ™R MNES, CHrih e 8 &t 58 B, A Tk AR A, JE 5 (1986), 229—231, 222—224,232.
2 [ 7%] M. B. 5 BEREEE CRl i iU Sk i A4y, A Tl ARt b5 (1989), 63—65, 85.
3 FREE RS, (RS e ), ER RS ML, | (1991), 170—172.
4 RILHLFMEF, BOE SRR 0 a8 23 8 A 773, T ERE(A) (9) (1989), 957 —964.
5 UTEEEEVEBN, 40T IR TR 0 B —H i B 22 aE X, 18 AR, 21(4) (1989), 403—

411.

6 FEEH, SR GBI R RRIE LRk — ZE iR T ERE R, T EEE, 6(4) (1989), 486—493.



714 PSS - - Wwooox 7

Application of Convection Diffusion Equation to the
Analyses of Contamination between Batches
in Multi Products Pipeline Transport

Deng Songsheng Pu Jianing
(Department of Oil Mechanical Engineering, Chongqing College of Logstic Engineering,
Chon gging 400016, P. R . China)

Abstract
Contamination between batches in multi_products pipeline transport is studied The influences
of convection and diffusion on the contamination are sudied in detail. Diffusion equations, which are
mainly controlled by convection, are developed under turbulent pipe flow. The diffusion equation is
separated into a pure convection equation and a pure diffusion equaion which are solved by charac-
teristics method and finite difference method respectively to obtain numerical solutions. The results

of numerical computation explain the forming and developing of contamination very well.

Key words products pipeline, batching transport, contamination, convection, diffusion, numerica

computation, turbulent flow



