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Abstract

To clarify the effects of oil-gas mixture apparent density and separation-chamber cone angle on the
flow and separation performance of a swirling flotation device, a three-dimensional Eulerian two-
phase numerical model was established. The baseline flow field was analyzed, and five apparent
densities (700, 720, 740, 760, and 780 kg/m3) and four cone angles (90°, 88°, 86°, and 84°) were
compared. The device developed a stable three-dimensional swirling flow with a radial pressure
gradient decreasing toward the center. As the apparent density increased from 700 to 780 kg/m3,
the tangential and axial velocities changed only slightly, whereas the mean absolute radial slip ve-
locity decreased by about 24%, the separation efficiency fell from 92.99% to 57.03%, and the oil
enrichment factor decreased from 22.28 to 13.35. The cone-angle effect was spatially dependent,
and the 90° configuration showed the best overall performance, with a separation efficiency of
about 76% and an oil enrichment factor of about 17.35. These results indicate that apparent density
mainly affects separation through interphase relative migration; 760 kg/m3 is suitable as a repre-
sentative baseline apparent density, and the 90° separation chamber is preferred within the inves-
tigated range.
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Figure 1. Three-dimensional models with different separation-chamber cone angles: (a) 90°, (b) 88°, (c) 86° and (d) 84°. 1—
oil outlet; 2—central cylinder; 3—separation chamber; 4—outer cylinder; 5—water inlet; 6—guide pipe; 7—water outlet
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Figure 2. Computational mesh of the swirling flotation device
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Figure 3. Mesh-independence verification based on radial tangential-velocity distributions: (a) 88° cone-wall model; (b) 90°
straight-wall model
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Figure 4. Pathlines in the swirling flotation device: (a) water phase; (b) oil phase
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Figure 5. Y-direction velocity distribution of the water phase (positive Y: upward; negative Y: downward)
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Figure 6. Radial static-pressure distributions at y = 150, 350 and 500 mm
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Figure 7. Qil volume-fraction contours at different oil-gas mixture apparent densities: (a) 700, (b) 720, (c) 740, (d) 760 and
(e) 780 kg/m?3
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Figure 8. Radial oil volume-fraction distributions at different oil-gas mixture apparent densities: (a) y = 150 mm, (b) y = 350
mm and (c) y = 500 mm
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Figure 9. Radial slip-velocity distributions at different oil-gas mixture apparent densities: (a) y = 150 mm, (b) y = 350 mm
and (c) y =500 mm
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Figure 11. Radial tangential-velocity distributions at different separation-chamber cone angles: (a) y = 150 mm, (b) y = 350
mm and (c) y = 500 mm
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Figure 12. Radial axial-velocity distributions at different separation-chamber cone angles: (a) y = 150 mm, (b) y = 350 mm
and (c) y = 500 mm (axial direction defined as —Y, positive downward and negative upward)
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Figure 13. Oil volume-fraction contours at different separation-chamber cone angles: (a) 84°, (b) 86°, (c) 88° and (d) 90°
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Figure 14. Radial oil volume-fraction distributions at different separation-chamber cone angles: (a) y = 150 mm, (b) y =350 mm
and (c) y =500 mm
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Figure 15. Radial slip-velocity distributions at different separation-chamber cone angles: (a) y = 150 mm, (b) y = 350 mm and
(c) y =500 mm
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Figure 16. Separation efficiency and oil enrichment factor at different separation-chamber cone angles
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