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I) Introduction 

The smoothed-particle hydrodynamics (SPH) method is an emerging numerical method for discretizing 

and solving the Navier-Stokes equations, which govern the general motion of fluids, or another system 

of partial differential equations. In contrast with conventional methods such as the finite-volume and 

finite-element methods, SPH is mesh-free and adopts the Lagrangian formalism: the fluid is represented 

as a set of interacting particles that move with the flow and without any explicit connections. These 

characteristics give SPH some unique features. It is particularly well suited to handle highly violent flows, 

with large deformations of the interfaces (free surface, fluid-fluid interfaces, fluid-solid interfaces), and 

with complex geometries and topologies.  

We present a proof-of-concept on the use of SPH modeling for simulating oil flows in pipelines. To 

demonstrate its feasibility and practical potential, we modeled, simulated and produced visualizations of 

a realistic crude-oil pipe flow within a moderately large section of pipe. Rather than a fully filled regime, 

the flow we consider here is that of a transition from fully empty to mostly filled, for which SPH 

modeling is expected to be particularly relevant and competitive against mesh-based methods. The 

integrated particle-based fluid simulation platform Neutrino was used for both simulating the flow and 

generating the visualizations. 

 

II) Scene and Scenario Description 

We modeled and produced meshes for three geometries: a section of pipe, a set of support structure 

and rings, and a terrain. The terrain mesh was used for visualization purpose only. The pipe section is 

about 160-m long with a uniform 1-m inner diameter and features bends and changes in elevation. 

Figures 1 and 2 show top and side views of the pipe section. 
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Figure 1: Top view of the pipe section. 

 

Figure 2: Side view of the pipe section. 
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Figure 3: Pipe section, support structure and rings, and terrain with texture. 

The crude oil is modeled as a moderately viscous liquid with Newtonian rheology. The Western 

Canadian Select crude oil, which is usually classified in the heavy crude-oil category, at 20 °C (68 °F) is 

used as reference for selecting the physical properties: density of 930 kg/m3 and kinematic viscosity of 

2.19 10-4 m2/s. The air phase is not explicitly modeled; instead, the fluid-air interface is simply 

represented as a free surface. The flow is treated as being nearly-incompressible. Surface tension and 

heat transfers are neglected. 

An inlet and an outlet are set at the extremities of the pipe section. At the inlet, the inflow speed is set 

to 1.5 m/s, corresponding to an inflow rate of 1.178 m3/s. A no-slip boundary condition is imposed at 

the inner wall of the pipe. The pipe section is initially empty of any fluid, except for a small section 

adjacent to the inlet. The particle size is set to 5 cm, corresponding to a volume and a mass of, 

respectively, 0.125 L and 0.11625 kg of fluid per particle. This also corresponds to about 314 fluid 

particles through the pipe cross-section in the case it is fully filled. The simulation is run for 50 s of 

simulated time. Two scenarios were simulated, one in which a pipe break with a hole of about 50 cm2 

suddenly occurs at time = 20 s. 

 

III) Visualizations 

We produced four flow visualization videos, with different rendering settings and views. The particle 

coloring is based on speed, and the videos show the progression of the flow. The first and second videos 

are visualizations with a high level of realism for the two scenarios; the second one corresponds to the 

scenario with the pipe break. The third video provides a comparison from different views (top, side and 

perspective views) of the flow progression. The last video is focused on the section next to the inlet; it 

makes it possible to appreciate the effect of the wall friction resulting in a power-law profile of the flow 

speed based on the distance to the wall. Figures 4, 5, 6 and 7 show snapshots at time = 40 s of these 

videos. We also show in Figure 8 a visualization at time = 50 s of total forces, including the pressure and 

friction forces, applied by the fluid onto the pipe wall. 



4 

 

Figure 4: Snapshot at time = 40 s of the flow visualization video with speed-based coloring, partially 
transparent pipe and textured terrain. 

 

Figure 5: Snapshot at time = 40 s of the flow visualization video with pipe break, speed-based coloring, 
partially transparent pipe and textured terrain. 
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Figure 6: Snapshot at time = 40 s of the three-view (top, side and perspective views), flow visualization 
video with speed-based coloring and partially transparent pipe. 

 

 

Figure 7: Snapshot at time = 40 s of the top-view flow visualization video with speed-based coloring, 
focused on the section next to the inlet and showing a horizontal cross-section inside the pipe.  
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Figure 8: Visualization of forces applied by the fluid onto the pipe wall at time = 50 s for a small section 
including a bend. 

 

IV) Potential Applications 

We identified several potential avenues for the application of SPH modelling to tackle problems faced in 

the pipeline and piping system industry to improve the safety, reliability and efficiency of process and 

operations.   

- Pipe break. A fluid leakage may threaten the safety of critical components and systems external 

to the pipe. In addition to the estimation of the leak rate and leak amount, an SPH modelling 

could be particularly appropriate to simulate and assess the shape and speed of the jet forming 

from the break. 

 

- Complex fluid flow. A large variety of rheological behaviours are possible for oil, depending on 

its chemical composition. Furthermore, flows in pipe may include not only an oil and an air 

phases but also water and other gases. Unconventional crude oils (such as those extracted from 

oil shale), which currently sustain the rise of global oil production, tend to be highly viscous, 

with a complex rheological behaviour, and extracted as a mixture of oil, water and gases. 

Considering its efficiency in handling highly evolving interfaces, it could be worth to leverage an 

SPH modelling for three-phase flow with non-Newtonian rheology and implicit solving of viscous 

forces. 

 

- Flow-induced stress and vibration. There are several possible causes of flow-induced stress and 

vibration of pipelines, including obstructions in the flow or specific multiphase flow regimes. 
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Performing a one-way coupled fluid-structure simulation and calculating the flow-induced forces 

applied to the pipe inner-wall, the structural response of the pipe could be assessed. In the case 

of large forces, it may be necessary to perform a two-way coupling. 

 

- Erosion and corrosion. Solid particles and chemical species that trigger oxidation may be 

present in the flow and cause erosion and corrosion of the pipe. These phenomena could be 

simulated and assessed using a fluid model for two-phase particulate flows with transport of 

chemical species and surface chemical reactions. 


