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Abstract 

Two-phase oil-water pipe flow is common in oil production and transportation. Appropriate estimation 

of phase wetting (oil wet or water wet) of internal pipe walls can significantly reduce corrosion control 

costs, and increase confidence in measures taken to ensure the integrity of pipelines. Water wetting can 

be avoided by fully dispersing the water phase into the oil phase. It has been suggested that pipe 

wettability may affect oil-water flow patterns; particularly, water-in-oil dispersed flow transition 

boundaries. However, there are no systematic studies in the literature on this matter for carbon steel 

pipes, which are the preferable choice for economic reasons in the oil and gas industry. Moreover, 

traditional and widely used models to predict the onset of dispersed flow do not consider the effect of 

pipe wettability. This work studies phase wetting and water layer thickness in large scale oil-dominated 

oil-water horizontal flow in carbon steel and PVC pipes of similar internal diameter (0.1 m) and 

roughness, but different wettability. The effect of wetting hysteresis (oil or water pre-wetted pipe 

surface) on phase wetting is also investigated. It is demonstrated that pipe wettability plays a very 

important role on the transition boundaries for phase wetting (oil wet to water wet) and the transition 

to fully dispersed flow. Water droplet deposition and spreading are identified as the main mechanisms 

for incipient segregation in a hydrophilic pipe. In a hydrophobic pipe, poor surface wettability hinders 

the sticking and spreading of water droplets. Water wetting in a hydrophobic pipe requires a sufficient 

low flow velocity at which local droplet accumulation and coalescence becomes the dominant 
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