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[ Abstract |

flowing rivers, a new type of double-layer mesh fence was designed for oil spill recovery in fast-flowing rivers based on the parameters

Oil booms play a vital role in dealing with oil spills on water. Aiming at the single problem of existing oil booms in fast-

of traditional oil booms. Based on the mainstream CFD ( computational fluid dynamics) software FLUENT, a two-dimensional
numerical flume model was established to simulate the transient distribution of oil and water under the action of the new oil containment
boom with VOF ( volume of fluid) as the computational model, and the volume of oil intercepted was used as the monitoring data to
explore the direction of optimizing the oil containment performance of the oil containment boom. Monitoring data was used to explore the
optimization direction of oil containment performance of the oil containment boom. The results show that the optimised oil containment
boom has a grid radius of 30 mm and a porosity of 0. 3. Compared with the traditional boom, the new oil containment capacity of the
new oil containment boom is better than that of the traditional boom, which provides an effective reference for the design of oil
containment boom for fast-flowing rivers.

fast-flowing river; oil booms; oil interception; performance optimization
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Fig. 1 Schematic diagram of the structure of the new booms

®1 BEMERSTSH

Table 1 Boom size parameters

TG A X2 gl XUZ M

PV(C900 FliiY = 2 PVCI00  FElNAS
K5/ y F=x i/
K& 1100 100 |[REERES 0 500
mm mm
oINS
iY==Y .
PR 900 900 OFE — 150
mm Hy/mm
L
FTHEHA .
R 280 280 s — 150
mm
H,/mm
THERM
AR/ .
BHEE 10 10 i — 200
mm
H,/mm
A% HAR/
- — 70 FLBREE K — 0.2
mm
u/—A7 VA ﬂ‘/ 3,
2 7 T
mm ﬁﬁ o

BONBACTAR S 2 b iy 8 e B L 3
BT 2 S 1) 32 BEE 5T PN R BEAEURN 4 A I
AR LT F e S B S R | D g =R R B R ¢
DA T AR S 2 O R SR A, Hoh FLUENT
L R N RS o M IR N 0L 7B s B B A
TR AT, TR T ZMeR Ik mE
RS I S5 A, DRI Ak B i A 1) AT S sk i
IS 5 5256 30 A 25 SR 0 DRk BT e R 3 i
PEPR BT R B FLUENT — 4 508 /Kl | 58 5o 45 7
TV AR 7R Sk 5 B U 2% 4 v Bl v = P T 18 3k
IR AR
2.2 tEER

WIS NS AFE AR, K e (] 537 1)
FE JARAL T 23 SR FIK A 22 18], DR s 5 ) A S i
BB AR WA A Z A AR Ak, TR I SE FRds i
S, HRT VOF Bedpe i B 1% it i 7 [v] 1516 15 S
W AR RSz 8 R RIS 8 Fa S el
WS B SR A T A B 0 FH T K o A BRI 9
IWAEHR ARV VOF 0 Rt asiny

FE SR 0 SE PRI BT U 8 TR v AU
2 000, )& T i 27, 3% k-Epsilon Ji AR &L, 1M
RNG k-Epsilon i i A B AH X AR Y k-Epsilon i it
BRSNS FH T 22 A B S o A F 5T, PR e 3 1
#e Ak 45 th] J7 B2 UL RNG k-Epsilon i 7 455 #0 Jy Jit
B AR TR kR

(1)

(1) . BB ke/m’ sk HEFNRE, ) e WAEHL

¥ F5 M HE - www. stae. com. cn



2025,25(2)

WRAMI B, 25 O AT RS B - S 2 i P e AL Ak 555

o0 W) sy 28 DAy o 7 160 B 3
/s NEN B RBL, Pa-ss, WIS R,
Pars;o, KB RERT R BIHFAEL, o, = 15C, o PHy ik
B FE SR AT ERE K BRI

Y e N
ey de  9](, mYie], Gt
Por TP oy T ax[(ﬁ”gg 6x]+ G
2
E
CQSPI (2)

KL (2)H:C, .C, AR FEE o, NFEBCRIY L
T CL=1.44,C,,=1.92,0,=1.3,
Hor,

o= (5) - ()] ()}
K(3)H vy AT, m/s,
b = T e)

K(4)h.C, AREEE, NRET],m/s*,
2.3 HEEIR~F

BRI R o 40 48 R £ ofe A bk o6 T
J T B O St R ) TR R
P RE A A S A M AR S35 5 800 mm,
SHCrR AR B v R B T K B IR AR T KA
1 500 mm ; BEEIK B 8 000 mm ; Bl THAS R ST R 4
1 TR ST,

22 ] DRI s X Y AT s R S A2 RS 30T DA B T A 43
AR A A ) DX sk, B L3RS T 3 DX s 4%, 3
T A 8 e R 43 A RS A R TR R R 4R B S
A IS D N 1 mm FRAR I i X ek 3] 1 A
DA% A 1. 02, Bz vt A% 3214 35 50 mm, A
YOE MM TC S 221 46 x 10* 49 x 10* 51 x 10*
155 x10* 4 Fglcas i RS, T304 21 5 K42 =
FAXT2E(EAE 2% LA IS | e 428 0 1 30 4 2 1Y)
51 x 10* >SS R G S8 370 00 A 7 BB AL, A
PRI ZE A 2 s,

(4)

P2 FEbA R AL

Fig.2  Boom grid simulation

2.4 BREH

X A (AT K A BB R A
O WA (255 oK) W, 388k A 7, I3 /K
JEI PRI FRI A AR i 3 R R s 2

BEOMBET , X T2 SO BB SR Bl DX 3 | 5~
BIXGH 13. 8 m/s 1, 7K HRE 43 ) 4% RRIAEE X 1] 3%k
W, A R PR S.
2.5 WEASKE

SR TR b A AR T K R Sk R X kAR RN K AR
S WESR TR T AR AR A0 SR T A A 44
TR, Wi Tk i . THAR SIS 80 s, I
T B 0. 005 s, 314 16 000
3 EREIE

T RS PE R BT
BECRITA HED 4 2 BB A B AT RS ik i, AR R o
d PR E A, TR A A T R R I A T O
FHAE,

piudA, = p,u,dA, (5)
K(5) Hp, WIRARA DB keg/m’ ;p, HIAAH 1
B kg/m’ yu, AR A DR, m/s;u, AL
FEEE , m/s;dA, IR A D ROTWIE , m® 5 dA, iR
P FOTIKTTT , m®

TERIIE UL 2 v, 25 A Y WLVE S AT R 4 A
AR AR R OC R N

Qo = Quitinier — Z Qitoutter (6)
K(6)H . Q, MU I &, m /550 e MU THA
A, m /8300 Q e N H G I, m /s

HRAE Fluent HOXRTH550 5600 Mo Dy fig, w] DA St
FEhat AR o OB R nY il sk, PR RS AR rp
EIMACE TR BT 26,

(1) AR o XIS A 7 I I i
B IO SR IHAR A T, G A I R HGHE A
T Qe o

Qoi]inlet = Uoi]inletdaAl (7)
(7)) H U e S A T FLE , m/s 5 dS N H 1T 3
M, m; [ PRALTERE UE 1 m,

(2) A h

airwall

Z Qoitowter = Lmem“ U jtout dOAL (8)
A (8)H .U, 0 HESTH T m/s; T, A i ik
N2 s
oioutlet — 1 ' (9)
F(9) W e T 9 S T W G Vi 6 FRCENE 220 s 50" Ay Vi
THTB I BRI A 2 A EEE] s
, AL

U,

(10) 1, L RS 50 L EORE B, m; O,
g TP T L /s
(3) B2, P B30 A R B AT

t (10)

¥ Mk . www. stae. com. cn



B R 5 TR

556 Science Technology and Engineering

2025,25(2)

0, AT AR — I 220 4 53 d8 P # anh AR AR FR Kdl
WLEEAS BTN I e 90 1 20 31 i 28 ) 22 i e o
WG MR LA =80 s VR4 TAERS
1,858 fluent W AUBEHENS THE IR AT A B it 48
T, RO S I AR AR AR, 15 B3Z 0 1) X[
it T A BT ] £ 728 1k it 2, AT 5 i 42 i
PRk ik 221, s S22 220 0 < A R Ih s 20

4 ISR

X T2 BT I & A v e S OR B BRI R
TG R, R T RGO T A 4 52 i e 3 /N
xR AR G b, DA KT L A TR AR B T
B IR IRAR /N PRI 12 R T {35 R A A 42 3
IR TCHN TR, O LR G5 40 1 AR R
PLMA FER R ZA LT 2 4Ot R ; Qi
FEMRARIC A, IR g A 3l 27 S d R H 4
()25 BRI SIZCo 38 40 1 LB 56 2R 5 < BB AR I A1 Sy [T
FERUZ AR AR
4.1 @EE=X

FR AR FIAE S HORST, LB E#E 0.2 ~ 0. 3
B9 Bl BRI 242 7E 30 mm A1 50 mm HE77 W]
M2, B A AR M o =30°, i u = 1.3 m/s,
TS 10 mm, BEE AT 3 2% HIt
4.1.1 A-R30-KO0.2

TEEAR R 30 mm, FLERAR A 0.2 By FlHm A2 347
FIALARIE , FLBRTE AR AR 3 8 20 HE A, BEHULAS SR
3 Fw,  FR A E 4 s

3 AL £ =0 ~ 14 s, Bl RS E
AU, TR 11 9 3 R A B A B, A
K3 (a) AN, 2 1 =14. 2 s B, TG H %S o e i ik
B, BRI AR M B 0. 008 m’ /s, B I MR Fa A4
PR 50 = 18. 6 s I, SIS Vi il - 4 338 AR 44k ] e
JZ2 43 B A I A A R B R R IR TS, )
— R AR R ) R 2 AW e e B S
B, 4 1=22.5~53.6s, F-UH PR % 1K
TSR TH A A I A B A T =X, 0k A (R R SR
KoK 2101 8325 ¢ =35. 2 s I, H SR R BRI 37
B 0.035 m’/s, 0 3(d) fias;e=53.6 ~60.7 s,
BER AR 110 i TR, X A T L 48
SEAS O B, JCVE Y B 22 ) BUHZ , i
T AR AR ] 2 28k E , W 3 (f) Bk, A 4243
EAERER, M1=60.7 s L5, A B O 8%
THIRE PR IR 3 1 1A U (B A T AR, I 2 0] 0 A
1k, e R BRI I m (R BB 24 10 s,

4.1.2 B-R30-K0.3
FEEAR R 30 mm, FLERAE N 0.3 19 [0 A

=
&
=
2E

cooooooooD
SSS33333s3
HXX XXX X XXX
MO T
LIS
Srr Gy Qv Ay Gy Arar g

<
&
=
2 E

cooooooooD

COOOOOOOOO

XXX XXX XXX X
=)

>
$
oS
=

coocoocooooo
COOOOOOOOO
HXX XXX XXX X

*
P
=]

coocooooooo
COOOOOOOOO
XXX XXX XXX X

(d) 1=35.2 sk Bl 45 K i wh ik 5% 90 it

$
Ji3

coocooooooo
COOOOOOOOO
XXX XXX XXX X

OENW.-M".O\\'O"\O—% SopwauoNwo—E orpwiuoNmo—E ompwELoamo—H ompwesLcNmo—H  o—pusnc oo~
B

coocooooooo
COOOOOOOOO
XXX XXX XXX X

MU . NS

(F) 1=60.7 s 2k 3%

Pl 3 A-R30-KO. 2 Jii il Bk 434 F<]
Fig. 3 A-R30-KO. 2 oil spill transient distribution map

WL R E S iR,

GEARS R 1 =46.1 s ZHT, I OhR SN
A B, A B A e T A < T R R s/
TELTH R DA L TR IO A 4 i 2 2o il 4 v R 1 4
IR TE R AT HERR, X 0 =46. 1 s JF IR
HEERE T S 3k B S, LG VAR Tl A L RS S SR T 4
WOHL, I H b B W i Bl IS 7E ¢ =57. 6 s BF
Fl e WO & 3k 2 i K (E, U6 B B BT I A
0.042 m’/s, TELEMMINTZ] ¢ =66 ~76 s X Beita] | 3k
HBCE) Yai T AE BB IH RS T B 0 O 0 VR BT 1) Bl O A
1l

ML www. stae. com. cn



2025,25(2) PRI B, 46 - O AT BRI A 15 - S R v R Ak 557
0.05 Y=y o W I 3] ke vk i, (R AS), Vs 7 A A I B A A
ooil PRIEIEE  TE ¢ =34. 4 s HHVBLAS — YR Tl T 04 £,

0.035 BEEFBERS IR 0. 01 m®/s, Bl S e 70 T 45 178 A 5
0.03 B R R AR TR S s, 61 =39.2 s,
0,020 FEUe ) B o 32 252 198 Y VP 206 F5C, () ST BT Sk 2 4 AR )

H Ol R/ (mes™)
f=]

e
=

0.008

0 1‘0 2.0 3I0 4I0 5.0 6I0 7I0 80
P R/
B4 A SCERIMA ik I P 7
Fig. 4 Instantaneous flow diagram of oil release

from A-type booms

4.1.3 C-R50-K0.2

R4 A 50 mm, FLER A 0.2 B0 1
MEZERME 6 s, MIE 6 ml 1, #Ihs BB 1
T LA B U B, FELIHURS AT %) TR Tl i HE A
A Bt s T A IR REH 24 ¢ =30. 7 s B, H TR LR

0.05

H O b
0.042

0.04}
% 0.03}
)
]
g 0.02f
pst
d 0.011
= oo} '

0

0 10 20 30 40 50 60 70 80
2 /s

K5 B R A i s i P

Fig.5 Instantaneous flow diagram of oil release from type B booms

0.06

0.055 H O E

HOMWRE/(m-s™)
(=]
=Y

0 10 20 30 40 50 60 70 80
A/
K6 CXRmA i R i & P

Fig. 6 Instantaneous flow diagram of oil release from C-type booms

(s R B, 7E £ =50.5 s, H E 3R E R Kt
R A, O R R 0. 055 m’ /s, 3 B[]
(% T e R 22 3] £ =65. 2 s, FE/ BT A Fa s i
K26 s i, BRI B T HE
4.2 BEEA

FRAE FHMAS S BRI /1 7E 15° ~
45°fRE T EEUMAR AR R =30 mm $E4T A% 22
Hil L FLBEE o 0.3, Wik w = 1.3 m/s, I JE B K
10 mm, BEAT 3 HXF T, o =30° #1458 K
A-R30-KO. 2 #5145
4.2.1 a=15°

BETHREIARE /o0 150, FETmAS £ 30 3 = an i 7
s, AT, P =0 ~30 s, VMR E
490, R BRI BT R, Bl
THTE AL HER XY ¢ = 18. 8 s B, GRS #8402,
53 Vak T ELHE 2 S AR AR )2 A BT dR e, B
PR B AW K e =38.3 s Bk I (E 0 i & R
0.042 m’/s, t =46.2 s, [BIJHAS AT 4 ¥ 12 # 0
A T R AR AR I )2, R a i vk v AR R AE [
RIS, (H2Y r =64.2 s, RS IMTE I WAE T ik
SRR, R 1 Vi T S T T IR IR B 0 {1 v I
0. 047 m*/s,
4.2.2 a=45°

VO BRI T /1 o 45, MRS 3230 3 B an 1A 8
fiR . MBS AT £ ¢ =0 ~21. 2 s, VM
Fasg 2, TF A s 1 9 O A B A
o), Bl U A A AT HE R, Y e = 18.2 s B, Ui
TR 532, 3055t T B 28 4 AR e J2 4 BT IR

0.06

H O E

0.05F 0.047

e e

1= =3

@ =
T T

H O R (mes)
e
(=3

0 10 20 30 40 30 60 70 80
I A/
BT o =15° A it R o o P

Fig. 7 a =15° boom drain oil instantaneous flow rate map

¥ Mk . www. stae. com. cn



B R 5 TR

558 Science Technology and Engineering 2025,25(2)
0.05 — 0.5
H O s
0.04
0.034
%003} 0.029
£
]
£ 0.02
p!
ui
H 01 M
0
0 10 20 30 40 50 70 80 0 10 20 30 40 50 60 70 80
LA/

P8 o = 45° FRlHAS Yl R i 14

Fig. 8 Instantaneous flow rate of oil draining from o =45° booms
HEHI, ¢ =26. 6 s, K M ZF L AR I 2, — &R 404
FHAERR AR 2 )22, — 53 ) FEIVMA= 1 BB 1, e =
43.3 s, B0 i S R B (R 0. 029 m’ /s, [ B
IS Z LR A s A Bl B K, 1 =46.0 s [
TR P T A B B A, LR T S A A A e 2 3%
B B T AR I T, R PR A Yk Tl 7 R A T
HER, 1 =69 s, LA i ZE D Ve F R Jovk R, K
Y W OB T 3T B B, W A 0 (E o R
0.034 m’/s,
4.3 FEHHESH
4.3.1 @idF

MREEAS [F)3E 1k 6 A = A0 25 L | 3o e e i
iR R R 20 I 9 ff R, = 4H R RETIM LR
S S ) AR 1 S A R B — 35, (R HoA AR ) B AR
BR A2 3 Bsf 22 RN 23, A-R30-KO. 2 Fe K424 i
J90.313 m’, XF 7 B AR BR 2 Tl B 2 37,1 55 B-R30-
KO. 3 e KEEMh N 0. 380 m® , %oF 7 FA% BR A2 3 st 21
55.9 s; C-R50-KO0. 2 fix KA 4 0.294 m’ | X 1
B BR 422 0 i %1 45.4 s, M ZEH |3k, B-R30-
KO. 3 LA R£4m a4l te A B i T 21 4% ,
FRPZII 20 HER T 18,1 s; 16 C B 17 29.3% .,
4.3.2 Bk A

MEEAS [ R AR ] S £ 1 = ZH AL 25 3 | o) HE i
A B X N s, a0 10 Frs . = 4L s T
o o ) R A 1 A R — 3 (R AR
(AR B 422 i B 220 R e 422 9ol i, BT 9ol A2 A Ak e A
o = 150 AL Jy 0. 282 m® | K07 AR M R 422 3y Fisf
Z135.3 s; FMA AR IR I M o = 30° e Rl i
0.313 m® , XJ B (UM BREZ T 210 37. 1 s FlTHAS AR 1A
Jeff o =45 Fe RELIH A 0. 354 m® | X R Ao A R 4
T Z] 46.0 s, UL NG R A, Bl 1R e
A a =45 B E il b e/ a = 15° = T
25.5% W PRFZIH I ZIHEIR T 18. 1 s; LK ffl o =

P23 e [/
B9 3 R FyE i) L

Fig. 9 Comparison of oil interceptions for the

three passage rates

a=15° a=45°

a=30°

50 60 70 80

0 10 20 30

40
2 E) /s

K10 3 Fhe i ibxt A
Fig. 10  Comparison of oil stopping

volume of three clamping angles

30°m T 13.1% , IARARIE kA, FlHMAS # 14
Jeff o =15°F a =30° B LA SEAAH R, FIH —
ek, R TR A S, BRI /o = 15°7F
47 ~67 s BIIZR H B0 T ke, X0 R oA, 31X BE s [A]
FEH A T 308 v YhH P S8 S g, D 0% 1 i Vb 2k A
RS A A o = 450 X3 B A I h 2k A
PR O A i, IR HEIR T AR B e ]

4.4 FFIHEREERMIERITEE S

SR T 5 B R ) A L Sk A ( B-R30-KO. 3)
TR, BT TR AH R 2500 T 1% 50 BBl A 1 42 3
B ELEA TR b, AALZE SR an &l 11 R,

AR BRI s 20 R R 25 0 HE R R 15 55 il
PRI KL B M FE , 1 RUZ A BBl 3 A JiT AT L
B AR AL I Bl s MBS TR R, BL)2 9 A
THUR 242 9 A B B 220 0 i 9 AH T S 220 DA
BB H R AR T AL S AL

TRl AL AL T S0 b, W R b, 1 Al A

¥ Mk . www. stae. com. cn



2025,25(2) WRFIBR, 45 ;20 BT O PR A B S5 2 P RE e 559
0.5 Du Jian, Wang Jun, Wang Meirong, et al. Robust optimal arrange-

— G R —— R E R

0 10 20 30 40 50 60 70 80
=t

FEIL B IH R e ) LA

Fig. 11 Comparison of oil stopping capacity of old and new booms

FEL A T 90l 7K 2 AN G 19 S IR T RE 55 [ il A 25
L[5 B DR TR VERMI 15 SN N i 0 B 1 e AN
Y 1R i 1 K AR S R DAL, T 2R R
A2 255 23 R DAL A2 R 30 7 A 1) s U R AT
— LTI

5 Z5ip

PRETHTR BRI AR 2 20 T SR P RE , AR B
A A AR ) AEREK R DR TR, I 5
BRPEHE IR BRI B B B R A
RIS E I, PRI 458,

(1) PRI 388 Ao A0 25 5L B 7 o 2 I A B A
RN I G AR ] B e b i

(2) B RR AT A X420 P i 2 B 1 A AR
SE UL, B3 B Il A 0 1A e A 304 O, ml L3 i ]
AR R A, FFAR AR BRI 21

(3) % LEAR TR ADL 25 1F T, 97 2 1Rl b A A 422 3
A FIR Ak 221 A it e A X B 22 9 LT R R A 4
BIRA2 i & o T A SR Rl A

(4) B Y FRIHRE (19 28— 2 0 A TT DA FRL Jeh A2 B 3
TR TR AL EA T ST, LA S 108 84 08 422 90l sf 22 R
iR Y F A

& % x

(17w, T, R, S5 T U I = i B R 58 KUK 11k
IIBETE[T]. R SIEEA, 2023, 23(4) : 1349-1356.
Wang Shu, Yan Jianing, Yang Yufeng, et al. Quantitative environ-
mental risk assessment model for oil spills in river basin[ J]. Jour-
nal of Safety and Environment, 2023, 23 (4); 1349-1356.

[2] LiP, Cai Q H, Lin W Y, et al. Offshore oil spill response prac-
tices and emerging challenges [ ] ]. Marine Pollution Bulletin,
2016, 110(1) : 6-27.

[3] #:8, EZ, FI3e%, S 7K b m A =5 Blh A= LA
WEEMFZE(T]. S EMUE, 2023, 46(2) ; 113-119.

ML www

ment of oil containment booms for major marine oil spillaccident
[J]. China Navigation, 2023, 46(2) : 113-119.

(4] XIFOL, KM, RARE, 55, P4 a4 38 T V6 V1 05 i B
D RO T ] . AR, 2021, 40(1) : 96-106.
Liu Xueguang, Zhang Weihao, Wu Dongrong, et al. Numerical
simulation of oil leakage and diffusion in the Lancang River crossing
section of the China-Myanmar crudeoil pipeline[ J]. Oil and Gas
Storage and Transportation, 2021, 40(1) ;: 96-106.

[5] WA, Zefh, PG, 2. W U R B (1], A
TR, 2020, 49(2) . 45-48.

Zhao Jianping, An Wei, Zhang Qingfan, et al. Design of oil boom
of submersible oil at sea [ J]. Marine Engineering, 2020, 49(2) .
4548.

(6] BRAAGE, TAREL, sRM2, 5. MR A 2 B A i 0T 5
FE[J]. MEETRE, 2017, 46(1) : 148-152.

Hou Shuping, Wang Qinzheng, Zhang Jun, et al. Simulative siege
of oil study of shipborne lash-up oil boom laid close to broken hull
[J]. Ship Engineering, 2017, 46(1) ; 148-152.

[7] LiuJ Q, Jiao P G, Xu Y T. Research on oil boom performance
based on Smoothed Particle Hydrodynamics method[ J]. PLoS One,
2023, 18(7) : €0289276.

[8] Hou T T, Sun H Y, Jiao B, et al. Numerical and experimental
study of oil boom motion response and oil-stopping effect under
wave-current action[ J]. Ocean Engineering, 2024, 291 . 116439.

[9] Shi Y, Li S W, Zhang H Q, et al. Numerical modeling of floating
oil boom motions in wave-current coupling conditions[ J]. Journal of
Ocean University of China, 2017, 16(4) ; 602-608.

[10] ZAAEE, RN, B . 5T 2 DIne il 10 s i) 2& i =C

i il ECBORBTSE [ J]. A TR, 2013, 42(3) : 184-187.
Wan Zhaofeng, Peng Hongkai, Liao Feiyun. Study on line-plane
spilled oil recovery method in the multiple function spilled oil re-
covery ship[ J]. Marine Engineering, 2013, 42(3) . 184-187.

[11] Wong K F V, Barin E, Lane J. Field experiments at the ohmsett

facility for a newly designed boom system[ J]. Spill Science &

Technology Bulletin, 2002, 7(5) . 223-228.

TR, REEAE, kTR, 55 HOKE B ZER N CFD $UE

BHILT]. Bl2EER 5 TR, 2023, 23(15) : 6607-6613.

Wang Junling, Xiong Yuhua, Zhang Yaqi, et al. CFD numerical

(12

[

simulation on blockage of drainagepipeline in utility tunne[ J]. Sci-

ence Technology and Engineering, 2023, 23(15) : 6607-6613.
[13] KRR, BT R EEIEm A MSORFR [ D], K% K

EHEF R, 2016.

Zhang Yanyan. Study on oil containment by oil booms based on

fluid-structure interaction[ D]. Dalian: Dalian Maritime Universi-

ty, 2016.

[14] sks7, s, P FLRBR BT (1], ML,
2020, 49(6) : 1150-1153.
Zhang Jia, Luo Haoyong. Study on rheological properties of heavy
oil and its emulsion[ J]. Contemporary Chemical Industry, 2020,
49(6) : 1150-1153.

(157 XUEMK, ek, R¥E55, &5, BT HRE A0SR0 58

BESPTL]. k35, 2013, 32(12) : 27-30.
Liu Houlin, Xu Huan, Wu Xianfang, et al. Strength analysis of a
diffuser pump based on fluid-structure interaction [ J]. Vibration

and Shock, 2013, 32(12) : 27-30.

. stae. com. cn



