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CFD Simulation of Impact Force of Submarine Debris Flows on
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(School of Transportation Engineering, Dalian Jiaotong University, Dalian 116028, China)

Abstract: Submarine pipelines, as important channels for transporting underwater oil and gas resourc-
es, offer advantages such as convenient production and installation, long transportation distances, and
high transportation efficiency, and are widely used in marine oil and gas engineering. This study used
Computational Fluid Dynamics (CFD) to investigate the impact of submarine debris flows on suspend-
ed pipelines under a suspended height equivalent to the pipeline diameter. The impact of the debris
flows on the pipelines was studied by refining the mesh near the back impact side of the pipelines to
capture vortex shedding during the debris flows' collision with the pipelines. The necessity of using a
refined mesh model to simulate the pipelines’ forces during the embedding stage was discussed. The
numerical simulation results showed that the refined mesh model could more accurately simulate the
normal and vertical forces on the pipelines under the conditions of high Reynolds numbers. Specifical-

ly, for the normal force on the pipelines, when the Reynolds number was less than 113.05, the peak

* W HE A HA:2023-11-04; & E H #3 :2024-04-03
BEE&TH T TEAF T AR EH (JYTMS20230022) %%
EEB A ok F(1987—) 5 PRIl 8l 14, EEMNFE - TEMI . E-mail: zhangyul1250810@163.com

215



normal force was the same as the peak force during the initial impact stage. When the Reynolds num-

ber exceeded 113.05, vortex shedding caused the peak normal force to occur during the embedding im-

pact stage. For the vertical force on the pipelines, a certain periodicity was observed during the impact

process. Within the simulated Reynolds number range (21.89 - 317.08), the peak vertical force on the

pipelines always occurred during the embedding impact stage. As the Reynolds number increased, the

peak vertical force could be more than 5 times the initial peak value. Based on the calculated data, ex-

pressions for calculating the normal and vertical peak force coefficients under the conditions of different

Reynolds numbers were obtained. The patterns and formulas obtained in this study are crucial for fully

evaluating the impact process of debris flows on submarine pipelines.

Keywords: peak force; submarine pipelines; submarine landslide; CFD simulation; vertical force; vor-

tex shedding
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Table 1 Composition and rheological properties of the
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Table 2 Mesh parameters of the refined area

2 Rt /mm 3 P & /mm
Densityl 1.5 1.2 7
Density2 8 1.2 6
Density3 4 1.2 6
Density4 8 1.2 6
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Table 3 Operating conditions of validation examples

(H=D)
S REOREE/Y B/ (mes ) Fi
Tl 10 0.9 76.43
T2 10 1.0 92.31
TH3 15 1.0 41.62
T4 15 1.25 62.52
TH5 20 1.65 53.22
T 6 20 2.1 82.56
L& 7 25 1.5 25.91
THM8 25 1.7 32.58
TH9 30 0.95 8.16
T4 10 30 1.1 10.64
TH 11 35 0.4 1.14
T 12 35 0.7 3.24
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Table 4 Operating conditions
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Table 5 Normal peak force coefficients

=2 PR/ % HE/(mes ) i
T 1 10 0.45 21.89
T2 10 0.70 48.65
T3 10 0.82 64.67
T4 10 1.0 92.30
T 5 10 1.12 113.05
T4 6 10 1.18 124.10
T 7 10 1.25 137.54
T8 10 1.45 179.17
T 9 10 1.70 237.71
T8 10 10 1.85 276.17
TH 11 10 2.0 317.08
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Table 6 Vertical peak force coefficients
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3 0.747 0.985 0.244 64.67
4 0.598 0.957 0.233 92.30
5 0.545 1.353 0.223 113.05
6 0.512 1.453 0.226 124.10
7 0.474 1.532 0.227 137.54
8 0.410 1.634 0.230 179.17
9 0.326 1.626 0.225 237.71
10 0.310 1.595 0.225 276.17
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