Fa1EE3IMW
2020 4F

JEEAE TR AR (A ARBR2RR)
Journal of Beijing University of Chemical Technology ( Natural Science) 2020

Vol. 47, No.3

IR £, FEar, Zoa, 55 BT CFD Al Al it I 9 B B A9 SO L [T ] JE st e TR S 224k ( A A RHA A |

2020,47(3) :30 - 35.

WANG Yi, LI JiaQi, DUO YingQuan, et al. Numerical simulation of oil leakage and spreading processes based on CFD
[J]. Journal of Beijing University of Chemical Technology ( Natural Science) , 2020,47(3) ;30 - 35.

£ T CFD Byt do ittt i & 8501 72 B9 S {E &

ER Zyj_g,&%j_l,z

% &4

FwE? B m'”

(1. Atmifb TR2E fh2e TR, dbat 100029 2. HEZ2 44 P R oi by, At 100012)

O A D O R 0 TSR ) 2 (CFD) AL S TR R IR A | TS T R
P2 DN Z O T AR R0 s ARG 47 e B 45 6 BEAU A RAU S 15 B3t v AR A 22 98 S BB, T ok
TG AN [R) b 75 00 VR0 e TR AR 9% SR 3 ATV v T LI [ S P 8 o, I AL oy 2398 Tl /) o s
JEE TR 10 AR T 1 A 5 b TEDREL 5 50 it i ) 288 B AR R B R b T B S MR /D o A BIF 5 4 R T B Sy e i
O ZH 5P 2 1 9 L SR JBURF S 14 B P e £ A3 RV Sl R AR 32

KRR Wt s AR IR ; THRALIR T4 (CFD) 5 BUERU
DOI.; 10. 13543/j. bhxbar. 2020. 03. 004

RESES: X937

il =

T FEAE 12 2ok R AN T R M 25 el T A
F18) Jo e [ it T G e b ot X 18 5 140 T ol 2L S A
FIPAE R R Bf ke e 24 m o it s gl ik
T P T ot 7 TS SR Tt O v ) R A S 45 BLATY
BEPERIM AR G AU o) S BUR A R R KESE IR
Al A0 2010 AE R AL B RYAEREIX & R £
Y Y = Vi T e T BRI S R AR R
PRYESF U A I | ™ A8 3 TR N DL A i 4
PRI SR AE S it it Y8 O P VB0 R T 1l B ) e R i R A
R,

TESCIG ST 71, Atherton'" F Cleaver 452! F]
FH SIS AIRIE S 1 A 28 i TG 194 YA A b T 1)
35 0B LA K %) [ 32 77 A Y b i JR J7; Brambilla
SEUVR I T — R FH LTS 0 O ik A8 BIE AN )
FEE B PR 2 AR B B 2, 5 R G S 4 4
SRV AR, AR Y I, Fay' T FE M2 T
N BE IR b LLSF K T 8 5T B4

Wk B . 2019-12-16

AT H . ERE SRR (2016 YFC0801500)
B 55,1995 A4 M

*EAFEERA

E-mail ; xiangy@ mail. buct. edu. ¢n

Wy =B BB A Al E e A B E T RPE T
WU AR K AR FEVEHT S m R B R, 2 e
RZ 2 e TR A TR 98 IR B0 ad | AR AR 1O %o
A — B B /Y R A AT THE IE ; Lehr
SEUTLHT T K375 45 R 25 61 YR A X BR PR R 1 5
M), fefT 0 b 7 TR AT B i A5 IS BR IS L

Zi Bk B 1Y S5 7 25 R PR T X DL T S
B RT3 it A it s ook R, B8 T 92 ) 3 ek 22 A R s
SRUFHES, 2 T SRS OGN R A SE R, AR R Bl
B AMEARM I LR BUEB IR AR 223
MIERE Rl e R TR RAR 0127 (CFD) Ty ik iy
SRR RS REAY 2545 PRI FE A A I Bl R | A
(VR T 0 45 BB &Rl 35 45 SR G 5 S B, 2R
SV ST T b A T ) = AR AR | AR T T AR
TR JE VR L 2 0 B ST e H R M b 2R Y B
RS R IR 2 LA B IR A TR AT, 45
HF S M A R A T O T S TE RPN S Y
Y0 P = A2 I LA B, E 22 AR AR A Bk
P71, Hirt 251100 38 12 52 96 4R A5 A 5] Bk 200 R A4 98
AR SR T AR (volume of fluid,, VOF) #BY7E
FF5E S A R i s i A i, &R
VST VOF A5 RURE DL — P IO, 75 20 K [
FisF 22 s — R B BE TR R S A B TR O o8 3 ) 3 A
FRAE, SRR UR A VOF MRS 18 i R 17
A, A5 7S R 5 s U i 2 (]



%3 W T A BT CFD ft i TR U G A A R B =31

MR FR A, DAL TE He ) L AR 558 R 28 0 I
AP A IR R

PR B A CED Xt vt it 1 e 04 0 55 22 0 2 T
WL TE K T AP R Bl b A8 5, I ¢ T Hb If
it RS R A SCHEE T CFD 5 ik T
TH T DRSS AR ASEHOLIH o it UG S 7 M TR B Y
AR DR b LR AR R R O RT T e
BREE T ) 5 DR R TR TR AR S e A, AR
P B MR ZE S A 45 2 33300 T R
() SIS, AP S 55 i 3 T B R B O 7 4 ek
P LB S mh A AR e =

1 BUEARW T

1.1 JLEHEEE R Mgkl 5

DAL B ity 6 0 % S P A e . = A J LA A
Bl K 8 m, A HAL 0.5 m; O Ab ) 45 BE
AT — B R 1, B 0. 1 m, fBE i & A s
PR PR O O, i TR S A T AL
TG G50 R ARG AP XA A 5 X ik
A TR DX A7 Jey 358 DA% i, a8l 1 ez, &)
Gy ANTRVES I 0 A% A TSR AT R0 AS ] itk s s i)
T VR ) T AR O s S T 1 A 224 T A
it 250 T3 JR AR AR R/ TR 28 AR e PR IE
AR SRR ) W s B i 5 Sl 2 470 177,
1.2 HFER

ARSCHET VOF BERY FE T30 5 i ik e A e
RE R R K B SARAIRR , Ho BT i sp A )y B R R Ry

Llap,) + Viapu,) =0 (1)

SR PR e

(pu) + V(puu) == Vp + Vip( Vu+u')] +
pg +F (2)

ot TP, VOF B8 b i I 3 1 4 31 25
H1 25 AR E

p= 2 ap, (3)
p=2 ap, 4
TE R — 5 A P9 75 05 12 451

i a, =1 (5)

S p W ke/m’ s MVLIREERE m/s s WK
FHEE Pa-s;p AR T, Pas F R K 1, 78 Fluent
YRR (CSF) BV S, 4 o HIROTE

Im

b
dMTJ 1G0T m 7T
rh‘mg»@%

05 m N s b 25 7025 m

(a) JLAT &5 4
I m
8Sm
y 8Sm
) leak-hole, d=0.1 m
J;- X

(b) [A%4a)5p
22

IR
20 —a—10s
18}
E 16+ ’
= 14+
Elz—
100
8,
6_
A}SO 160 130 260 230 360 330 400
PR BT
(c) WIS JGIEVEEETE
B BRI LA E5 4 A Rl 4
X4 TG S A e ik

Fig.1 Geometry, mesh of the model and the grid
independence verification
T, q FR AR S
FH T AR SCREARL A Il ot T S I L B AR
I BE B A BN B T4 T Ui sl i SST k-w Jifi I

B SRARDTREUNT

k e

0 2 [, 0k

o (PR) 5 (Pkuy) =50 [ T, )axj. |+
P, -B'pkw + P, (6)

w itk

0 0 (e

o (P0) ¥, (o) =5 [ s v, )axj | +
o P, ~fpw’ +P,, (7)

Kk M shiE ;0 Mt S REFERUR ; P, M sh i
A BT P, A i S RE VR IO ; P, S it 3 FE IR R T
HABSHCR FHEIAE .8 =0.09,0 =5/9,8=0. 075,
o,=1.176 flo, =2,
1.3 BREGRKEHE

AR S T RIS T RE T R wall, 43R Hb 1T AN



-32- R TRE2AAR (A RBFAR)

2020 4F

T A RE | 38 A IO b 1T A RELRE R SSORRL R 5
SRARADUA ) 1 T 45 428, RLBE 5 BUHUE N 0.5 ~ 1 (R
73 M TEHLRS A 25 20 B ) HURE =5 B2 L 0. 001 ~ 0. 30 m
(o Hb T (™ P S B8 0 B ) 5 itk Tl O R
MR 0.25 ~ 1 w/s; HAAHE O, R
BT R IR A AR PISO Bk R 7

2 HRFER

2.1 BB RGFIERERTEE
2.1.1 RathIB it

Hiy RS 55 H 0. 010 m, HUBE R B R 0.5, 3
FEATT R 1 m/s, BEALPR M D T 1 3 21 1l TP B
W A e 2 frs, 1 ~5s Wl Tl BA
WA BhRE , EL TR 10 TE AT — e B ik Y
Tl 5 e T 5 2 S SR 1) ] L R 5 10 s i it s 1) 9
i et BE A [R) 3G 0, 45 T Y A2 20T B — AN TR B 1A
P T Hb T TR RSP BH 4, W AE A B 5 ) AR AR
AL B [ JE 4™ S it T R () 4 1 3
i, L2 B R AN TR X

WAIARU 5

00

Sx107

0Ox 8:}

. 8:1 x r‘ @

70X107!
6.5x1071
gts)§ 8:1 1s 2% 5s 10s
501071 : r—
4.5%107! i

i4.0>< ! r 5P

L A 1EMNE-

XIx. B N w

B ‘ ’

UX O™

T5X10" A 4 ’
0

2 Mt b AR BB R
Fig.2 Contours of the volume fraction of
oil on the ground
2.1.2 HERNE AT IRIE
XFFE 1Y AR T e A Y | R B e A i AR
2 N TR R L 0T LW IE . BB ik T
Jo e~y AR A, — s I a] AU 3 B o
L H T b P I B SR AR A R
m:%dz-u-t-p:%Dz-h-p (8)
K, m Rl B kg d iR HEAR, m; D WK
‘Hﬁﬁﬁ, mu A U m/s;p SRR B B
720 kg/m’ ;h WO EERE  m,  H T T P B LUK
B ot S R I (9) 5

h:max( /W,S) (9)

Kb, o il d R WK T, N/m; 0 M, o,
& N HBTATHLRS =5 B2, m,, T3t X382 iRt + ok
b T AR R, e AR U R,
Bl h=&=0.010 m,

LU0 HE TR B T O TR, LA sk
HC DA A Y 7 G ST T 5 e ) A T 1) SR R
et XLkt R b A AR N

Damt® |+

b=z (%)

3 S AT AR A CFD B 3 Fhor
T WO AR B S E] A AR fL R TR AT AR
A A A3 EAR ], BRI LB R (E = 2
9% ,iX & H T CFD A5 Hh itk Y i) vift i ELAG 00 o 38
FERE T T 2 b i 5 W B R RER R S
BOEAMEM K THIS ., A E R HE S {E A CFD
BOUMEA L, 761 20 s NI AHZEAE£10% LAY, 2
JEWIH IR HHE R, X2 R T AmHEFIE B
TSR FES G-I 3R, 220 T SE BRI BT I A
I R T REL RS 100 5 ) 5 0 Tt T R R A A
PUME R . AT 25 S B A ST 57 (4 b T s
CFD 5742 [8 7 Hh HLRS B R Rl i B B, o
FFA M R SE BRI ShARRAE , R LA A AT AT

(10)

—=— CEDELIE r
8+ —e— FIH AN
—A— ZHESE

310 1l5 ZIO 2I5 3I0 3I5 40
IR a)/s
K3 AR Wt B R 18] 28 f L
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Fig.5 Pool areas formed with different

roughness constants

2.2.2 MRk EfERTHEZ

MEL 6 FE 7 FTLAE Y it 1o R R 7t vt s
B e O ARG R, R IE R
Jit P i A S BT PN (A T ) e KB A R B By
BEIESE AW | A7 1 b T ] 4 55 LA BT i itk
TR AR e 3 818G O — s ] P itk s P i
S 22 | TE T BV TR R 1S K 5 (]
FR 82 (8 ) A AT 45 9 b 1) T R i Y T 382 2 i s
HARMIG R BELAEIG KA
2.2.3 haRMIFEEARE

BN DL Al (% 1) A=, b 181 8 AT
TR ST 5 AR A itk s s T B Rt T AR R AR

10+

1 " L L
15 20 25
G /s

n 1
0 5 10

P07 it AR X T AR 5
Fig. 7 Pool areas formed with different
leaking-diameters

1 BHUBTTE AT

Table 1  Properties of oil products in simulation study
. Fluent /1 R/ g/
e o ,
Xef o A ek (kg-m~?) (Pa-s)
= n-octane 720 0. 000 54
Seih gasoline-liquid 830 0.002 26
Pl fuel-oil-liquid 960 0.048
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Numerical simulation of oil leakage and spreading

processes based on CFD
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DUO YingQuan®
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(1. College of Chemical Engineering, Beijing University of Chemical Technology, Beijing 100029 ;
2. China Academy of Safety Science and Technology, Beijing 100012, China)

Abstract; A three-dimensional CFD model has been established to simulate the process of forming a liquid pool,

and the influence of varying the surface roughness, leaking hole diameter, leakage velocity and oil properties on the

liquid pool area were studied. According to the liquid pool expansion theory and simulation results, a formula for

calculating the pool area was obtained. The results show that the pool area increases linearly with time, the area de-

creases with roughness height, but increases with leakage velocity and leaking-hole diameter, while roughness con-

stant, oil density and viscosity have little effect on the pool area. The results obtained provide a theoretical basis

and technical guidance for implementing appropriate accident remediation measures.

Key words: liquid pool; oil leakage; computational fluid dynamics (CFD) ; numerical simulation



