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ABSTRACT: The work aims to investigate the erosion regularities of solid particles in the pipe bend under dispersed bubble
flow and study the relationship among the gas-liquid distribution, solid particles trajectories and 3D erosion morphology. A tran-
sient state erosion simulation method based on VOF model and DPM model was proposed to calculate the erosion rate of pipe
wall by the erosion model proposed by Oka et al. and the particle-wall rebound model proposed by Grant and Tabakoff. The re-
sults calculated by the CFD erosion model based on the VOF model and DPM model models were closer to the experimental
value than those by the empirical model and the simplified CFD model. In dispersed bubble flow, solid particles were mostly
dispersed in liquid phase. The liquid holdup in different cross sections had a close correlation with mass concentration of parti-

cles. The mass concentration of particles in the downstream straight pipe and in the elbow was higher than that in the upstream
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straight pipe. The area of the severe erosion region around the pipe bend containing solid particles was relatively large. The

serious erosion location occurred at the outlet of the elbow. The erosion morphology of the vertical pipe bend under dispersed

bubble flow is directly related to the gas-liquid-solid distribution inside the pipe. Multiphase flow erosion transient simulation

can accurately calculate the gas-liquid-solid distribution and predict pipe erosion.
KEY WORDS: pipe bend; solid particle; dispersed bubble flow; erosion; VOF model
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Tab.1 Parameters of erosion model proposed by Oka et al.
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Tab.2 Simulation parameters of dispersed bubble flow
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Fig.1 Geometry model of the vertical pipe bend
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Fig.2 Computational mesh of the vertical pipe bend
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Fig.3 Comparison between calculation results by
different erosion models
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Fig.7 Particle mass concentration at different pipe sections

90°
NS Taa YA E‘*ﬂmﬁﬁﬁ

750 ' 0.85

0.75

- \ 0.65

ol i (kgrm ) ‘ o

2.24x10°4 | .

B0 | 0.45

| 035

B 1x10+ | 020

u | I 0.15

° ! 0.05

|

|
K8 3T VOF BiAI DPM BERUFE & 157 2545 ohinh
S B SRS
Fig.8 Erosion profile and gas-liquid distribution of the
pipe bend based on the VOF and DPM coupled models

BALRH L, 7T EOW S A T PN R U 3 B [ A ORE 32 5

EBEH P Z A SE AR
2) SrECEARA R, A A IR BORL R F 23 0 TR

WO, A A ) IR Ak 5 9035 TIOR3 A O
BOR, R BN AL, B SR EOR, %3
2SR A U A L RSO AR Y R OR

3) BRI R, AR ORL 7R 25 Sk 07 A2 B
FH B 2% i VR T A B S AR S R, T A R X A
A8 i DS R, ol " A B A IR Sk
Ak B3

S -

(1] ke, BRI, RLLT. 1R 1 e XU 8 Ak 52 A4

W& A1 [3]. Hh E 22 R EEOR, 2017, 13(4):
26-31.
MENG Xiang-kun, CHEN Guo-ming, ZHU Hong-wei.
Complex Network Analysis on Risk Evolution of Subma-
rine Pipeline Leakage[J]. Journal of Safety Science and
Technology, 2017, 13(4): 26-31.

2] EREE, XWER, skH, S IR E YRR R B E
BU B AR A S [I]. WEE T RE, 2014, 32(1): 49-59.
WANG Si-miao, LIU Hai-xiao, ZHANG Ri, et al. Nu-
merical Simulations of Sand Erosion in Pipelines and
Evaluations of Solid Particle Erosion Equations[J].The
Ocean Engineering, 2014, 32(1): 49-59.

B] HARR. FH 352 WA TEE L TT5E D).
JICER: VAR AR, 2015.

QIAN Dong-liang. Erosion Study on Panyu 35-2 Subma-
rine Gas Pipeline[D]. Chengdu: Southwest Petroleum
University, 2015.

[4]  FRR, P30k, MAEBEZMEM]. bt e T
A HiRRAE, 2015.

LI Chang-jun, JIA Wen-long. Oil and Gas Pipeline Mul-
tiphase Flow[M]. Beijing: Chemical Industry Press, 2015.

[5] SALAMA M M. An Alternative to API 14E Erosional
Velocity Limits for Sand-laden Fluids[J]. Journal of En-
ergy Resources Technology, 2000, 122(2): 71-77.

[6] BOURGOYNE J A T. Experimental Study of Erosion in
Diverter Systems due to Sand Production[C]// SPE/IADC
Drilling Conference. [s. n.]: Society of Petroleum Engi-
neers, 1989.

[71  VERTITAS D N. Recommended Practice RP 0501: Ero-
sive Wear in Piping Systems[R]. DNV RP O501-Revision
4.2,2007.

[8] CHEN X, MCLAURY B S, SHIRAZI S A. A Compre-
hensive Procedure to Estimate Erosion in Elbows for
Gas/Liquid/Sand Multiphase Flow[J]. Journal of Energy
Resources Technology, 2006, 128(1): 70-78.

[91 TIAN Z F, INTHAVONG K, TU J Y, et al. Numerical
Investigation into the Effects of Wall Roughness on a
Gas-particle Flow in a 90 Bend[J]. International Journal
of Heat and Mass Transfer, 2008, 51(5): 1238-1250.

[10] ZHANG R, LIU H. Numerical Simulation of Solid Parti-
cle Erosion in a 90 Degree Bend for Gas Flow[C]// ASME



¥178% ol

SEICUIAE R R [ PRORE 23 BIELAR U e A0 <17 -

(11]

[12]

[13]

[14]

2014 33rd International Conference on Ocean. [s. n.]:
Offshore and Arctic Engineering. American Society of
Mechanical Engineers, 2014.

BRACKBILL J U, KOTHE D B, ZEMACH C. A Con-
tinuum Method for Modeling Surface Tension[J]. Journal
of Computational Physics, 1992, 100(2): 335-354.
MORSI S A, ALEXANDER A J. An Investigation of
Particle Trajectories in Two-phase Flow Systems[J].
Journal of Fluid Mechanics, 1972, 55(2): 193-208.
NJOBUENWU D O, FAIRWEATHER M. Modelling of
Pipe Bend Erosion by Dilute Particle Suspensions[J].
Computers & Chemical Engineering, 2012, 42(18):
235-247.

LIU M, LIU H, ZHANG R. Numerical Analyses of the
Solid Particle Erosion in Elbows for Annular Flow[J].

[15]

[16]

[17]

[18]

Ocean Engineering, 2015, 105: 186-195.

OKA Y I, OKAMURA K, YOSHIDA T. Practical Estima-
tion of Erosion Damage Caused by Solid Particle Impact:
Part 1: Effects of Impact Parameters on a Predictive
Equation[J]. Wear, 2005, 259(1): 95-101.

OKA Y I, YOSHIDA T. Practical Estimation of Erosion
Damage Caused by Solid Particle Impact: Part 2: Me-
chanical Properties of Materials Directly Associated with
Erosion damage[J]. Wear, 2005, 259(1): 102-109.
BIRCHENOUGH P M, DAWSON S G B, LOCKETT T
J, et al. Critical Flow Rates Working Party[R]. UK: AEA
Technology, 1995.

GRANT G, TABAKOFF W. Erosion Prediction in Tur-
bomachinery Resulting from Environmental Solid Parti-
cles[J]. Journal of Aircraft, 1975, 12(5): 471-478.



