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ABSTRACT

Horizontal gravity separators are widely used to separate gas, oil, and water phases based on their density differences. While
conventional design methods primarily focus on geometric sizing using droplet settling theory, actual separation performance
is significantly influenced by inlet flow conditions and internal configurations. This study aims to numerically investigate the
effects of inlet flow rate and geometry on the phase behavior and separation efficiency of a three-phase horizontal gravity
separator handling a high-viscosity oil mixture. A three-dimensional CFD simulation was performed using an Eulerian
multiphase model and an interfacial area concentration for a horizontal separator equipped with a reversed-pipe inlet diverter
and a weir. Five cases were analyzed by varying the inlet flow rate, vessel length, and the presence of a perforated baffle.
Volume fraction distributions, flow streamlines, and pressure fields were evaluated to understand the underlying separation
mechanisms. The results showed that increased inlet flow rates lead to stronger momentum, delaying oil pad formation and
allowing water to pass over the weir into the oil outlet, thereby reducing separation efficiency. The addition of a perforated
baffle helped suppress flow disturbances and improved water drainage, resulting in a thicker oil pad and higher separation
efficiency. In contrast, shortening the vessel slightly improved performance, but may not satisfy slenderness ratio guidelines or
handle transient flow effectively. This study highlights the importance of considering operational and internal structural factors
to improve the performance of horizontal gravity separators. The findings provide valuable insights for optimizing separator

design in compact or constrained field applications.
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Fig. 1 (a) Schematic of three—phase horizontal gravity
separator, and (b) three—dimensional model with grid
system comprising 1,080,000 cells
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Table 1 Thermophysical properties of working fluids

Phase Density Viscosity Surface tension
[kg/m’] [mPa - 5] [mN/m]
Gas 7.43 0.2 -
Oil 874.6 31.04 -

Water 903.9 1.8 -

Gas-Oil - - 20.58
Gas-Water - - 48.74
Oil-Water - - 3.25

SIEFHIIHES ==& M29d, K15, 2026



=9} @Eh
WUE 874 6kg/m®0]1 ALEL 31 04 mPa - so|T},
22 ‘4 A2 =9 Aol vlal 30u] o =t WA
A Zholl whet EEfA|w, Table 100 944 A 2|=]o] Qirt,

Z¥7} 903.9 kg/m’$} 1.8 mPa - so|t}, 9

M oox me

o 18

)

LT
Mo

Table 2 Summary for five cases with key information about

inflow flow rates and geometries

Inflow rate [m’/d] Seam-to-seam

length [mm] Internal
Case
Gas 0il Water | (Slenderness geometry
ratio)
3550 Inlet diverter
Case 1| 4479 | 5024 | 1232 i (reversed pipe),
(2.73) .
weir
3550 Inlet diverter
Case 2| 4479 | 5024 | 369.6 ! (reversed pipe),
(2.73) .
weir
3550 Inlet diverter
Case 3| 1343.5 | 5024 | 1232 ) (reversed pipe),
(2.73) .
weir
2015 Inlet diverter
Case 4 | 4479 | 5024 | 1232 (1’ 55) (reversed pipe),

weir

Inlet diverter
3,550 (reversed pipe),
(2.73) weir, perforated
baffle

Case 5| 4479 | 5024 | 1232

Perforated baffle

Fig. 2 Three—dimensional models (a) for case 4 with
reduced seam—to—seam length and (b) for case 5
with perforated baffle in inlet section
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Fig. 3 (a) Schematic of three—phase separator used by
Ahmed et al."® and (b) grids on symmetry plane of
fine grid system (472,536 cells) generated by
cut—cell method
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Table 3 Thermophysical properties of working fluids used
by Ahmed et al."®

Phase Density Viscosity Surface tension
[kg/m’] [mPa - s] [mN/m]
Gas 1.225 1.789x107 -
Oil 850 161.5 -
Water 1000 1.0 -
Gas-Oil - - 30.4
Gas-Water - - 72.0
Qil-Water - - 48
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0 1 2 3 4 5
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g. 4 Volume fraction of water in oil outlet and separation
efficiency for four grid systems
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Table 4 Comparison of resultant water fraction at oil outlet
between present numerical simulations and
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Water fraction at oil outlet

Case - -
Present simulation Ahmed et al.(2021)
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Fig. 5 Volume fraction contours for three phases in two
validation cases att = 60s
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