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ABSTRACT

The significance of the three-phase oil-water separator is of
paramount importance within the context of the oil and gas industry. Its
pivotal role arises from its capability to facilitate the efficient separation
of oil, water, and gas phases, which is indispensable for achieving optimal
processing outcomes. This separation process plays a pivotal role in
ensuring the purity of the extracted oil, mitigating environmental impacts,
and enhancing production efficiency. However, it is noteworthy that the
design of an effective separator can be intricate and costly when employing
traditional experimental methodologies.

Theoretical analysis serves as a fundamental approach to
determining the initial dimensions of the separator under specific operating
conditions. These conditions include an inlet flow velocity of 0.2 m/s,
along with volume fractions of 20% oil, 30% water, and 50% gas. This
study primarily centers on investigating the impact of the inlet diverter on
the performance of three-phase horizontal separators. Four instances of
separators, sharing identical designs, are examined. Among these, one
operates without an inlet diverter, while the remaining three feature inlet
diverters positioned at distances of 0.05, 0.1, and 0.15 times the effective
length from the inlet.

A Computational Fluid Dynamics (CFD) simulation tool is used
to analyze a three-phase separator's flow structure and interface behavior.
The research aims to identify flow patterns, phase intermixing,
stratification, and erosion for efficient separator design. Inlet diverter
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placement is crucial to mitigate turbulence and mixing effects. The results
reveal a noticeable accumulation of water droplets within the oil phase in
Case A, indicative of inefficient phase separation. The employment of an
inlet adapter significantly reduces the presence of water droplets, thereby
enhancing separator performance. Among all the cases studied, the lowest
concentration of water droplets is observed in Case C, signifying the
superior separation performance compared to other configurations.
Furthermore, it is observed that the interface between the gas and oil
phases assumes a more uniform configuration when the inlet adapter is
utilized, whereas a wavy or wrinkled interface is discerned in cases where
the separator adapter is absent. This underscores the significance of the
inlet adapter in separator design.

The inlet diverter is instrumental in reducing turbulence and
promoting a quieter mixed flow when it interacts with the fluid at the
bottom of the separator. Additionally, the inlet diverter serves to suppress
the propagation of strong turbulent flow behind it, thereby minimizing the
development of wrinkles at the gas-liquid interface in the region
immediately following the inlet diverter. The temporal evolution of
separation efficiency reveals two distinct phases: an initial transient phase
characterized by an increase in separation efficiency, followed by a steady-
state phase where separation efficiency exhibits fluctuations with varying
amplitudes. Based on the average time, Case A yields the lowest separation
efficiency for all phases (79% for oil, 88.8% for water, and 96% for gas),
while Case C demonstrates the highest separation efficiency for all phases

(89.5% for oil, 94.5% for water, and 95% for gas).
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