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Abstract: The present paper presents an investigation of modelling gravity-based oil-water separator using IPSA model.  In any industrial scenario time is always at premium and in an area where information is scarce realistic and timely predictions are essential.  The study demonstrates the potential of CFD as a design tool. It is highlighted that although general mathematical models for modelling different two-phase scenarios are available yet data is needed particularly for interfacial drag, heat and mass transfer. Difficulties of convergence and numerical instabilities are often associated when a phase appears or disappears. Therefore care must be taken in choosing initial values and also relaxation factors. However the solutions obtained provide useful insight of flow phenomena that occurs within a separator. The information can be used to assign appropriate dimensions and locations of inlets and outlets of the separator.

1. Introduction

In the production of hydrocarbon gas, oil and water are often produced together; furthermore many reservoirs also contain sand, which is brought out together with the hydrocarbon. This means that there is a need to separate the different constituents during the production process.   Offshore production systems generally include a gravity base separator for the purpose of separating all the differing constituents. A typical offshore separator is shown in Figure 1. As demonstrated the separator is a very large cylindrical vessel built to withstand the pressures exerted by the produced liquid mixture. The flow system within the separator has all the characteristics of multiphase flow in a porous medium. Viscous, gravitational and capillary forces dictate the flow behaviour. The density difference between the water and heavy oil is less whereas the viscosity ratio is significantly large in this scenario. The higher the emulsion and foam stability the greater the separation challenge is. All these factors illustrate the challenge to select appropriate tools and methodology to providing the correct information as input to cost-effective and optimal design of the separator. It is envisaged that many new fields to be explored in future will put high demands on separator efficiencies due to large amounts of heavy components like asphaltenes and resins

The computational fluid dynamics (CFD) techniques can prove useful to understanding   important two phase flow mechanisms in the separator and thus predict its performance. Separator sizing must satisfy several criteria for good operation during the lifetime of the producing field. These criteria are that the separator must provide sufficient time for phase separation and for effective coalescence and breaking of emulsion. Furthermore there must be sufficient volume in gas space to accommodate changes in surface levels and volume to allow for variation in the flow rate. The efficiency of a design is reduced if the flows exhibits short-circuits, mixing or stagnant volume in the separator vessel and CFD studies can help in the early stages of design to identify such potential regions and eliminate them in the final design. However, modelling multiphase flows of this complexity presents many challenges, which may include numerical instabilities, convergence and suitable mathematical models for physical mechanisms. Multiphase-models available in the existing commercial software CFD packages are very limited to few applications due to the fact that multiphase flows cover a vast range of flows.  Solving full N-S equations for each flow also needs appropriate modelling of the species transfer at the interface where data is scarce.  

In the scientific literature, data for such modelling is are also limited. Therefore pure academic research in the area of multiphase flows is also exciting because it deals with the many challenging unresolved scientific issues of interfacial drag, heat and mass transfer and turbulence phenomenon in multiphase flow systems. This paper presents a case study of modelling gravity based oil-water separator using a full two-phase model (IPSA: InterPhase Slip Algorithm) available in Phoenics. The aim of the study is to highlight the issues relating to the modelling of two-phase flow and considerations that need to be taken using CFD. In any industrial scenario time is always at premium and in an area where information is scarce the prediction methods must be able to provide timely reliable solutions. The study also demonstrates the potential of CFD as a design tool in order to assign appropriate dimensions and locations of inlets and outlets of the separator.

2.  CFD model 

In this study Phoenics 3.4 in its standard format is used. VR viewer is used to create geometry, specify boundary conditions and Earth was used to run the model.

2.1 Geometry 

The cylindrical separator (Figure 1) used in the present study is 10.2m long, 1.3 m high and 2.4 m wide. Oil- water mixture enters the separator from the inlet at the top. As the mixture moves down and further towards the two outlets due to the density difference two fluids begin to separate. A porous weir is positioned at 7.6m from the inlet.  Another weir of non-porous medium is located 8.9m. Two outlets are positioned either side of the weir at 8.6m and 9.11m from the inlet to separate water and oil respectively. The separator is symmetrical along the y-z plane so only half the separator is modelled. Figure 2 shows the geometry of the test model used for numerical tests. Solid blockages are used to model the cylindrical profile of the separator.
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Figure 1. A typical gravity separator
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Figure 2.  Test Model for CFD studies

2.2. Governing equations 

IPSA model entails solving the full Navier-Stokes equations for each phase allowing heat and mass transfer at the interfaces of various phases for details please refer to Phoenics user manual. The modelling involves computation of velocity components in three dimensions for each phase, volume fraction and pressure for each phase. Inter-phase momentum transfer, droplet drag, and film surface friction influence phase velocities. Each phase is characterized by a 'fragment size' or a droplet/bubble diameter. No interfacial mass or heat transfer is considered in this study. Standard drag model was used to account for relative velocity at the interface between the two fluids.  

Boundary Conditions: All wall boundaries were assumed to be no-slip boundary. At the inlet velocity for both phases is prescribed. The volume fraction and density of each phase is prescribed at the inlet. Symmetry boundary is used at the y-z plane at x = 0.
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Figure 3. A typical mesh model

3. Test Cases

Initial simulations were made to obtain mesh independent solution.  Further simulations were done to investigate the effect of parametric variations. Table 1 shows the detail of the mesh-models.

Table 1
	Case No;
	Mesh size: x y, z

	A1
	16, 22, 80

	A2
	16, 33, 80

	A3
	24, 33, 80

	A4
	24, 33, 120

	A5
	24, 60, 120

	A6
	40, 60, 120

	A7
	40, 60, 150


4. Preliminary Investigations 

The convergence is very slow and sensitive to initial values and relaxation factor. The mesh sensitivity studies interesting features. Prediction of phase-fractions at two outlets and outlet velocity is important for separators. Figures 4 and 5 show comparisons for the volume fraction and velocity of oil at outlet 2 respectively. The difference between the very coarse mesh (A1: 16,24,80) and fine mesh (A7: 40,60,150) for velocity profiles is not significant.  Whereas the vertical variation of oil volume-fraction at the same location shows noticeable difference when the density of the mesh is increased in the horizontal direction but variation is very small when nodes are increased in the x and y direction. The flow is   influenced by gravity and the two phases get separated due to a difference in the densities of two material.  As it flows towards the outlets in the z-direction it also begins to stratify in layers with lighter material above the heavier material with very little mixing between layers. 

The difference in simulation time increased exponentially with an increase in mesh density. Therefore some validation is required to validate and then optimise for further predictions.   However in the absence of any measurements it is difficult to assert the practical significance of these differences in the numerically predicted variables. We assumed that the variation is well within the experimental errors and chose model A4 (24,33,120) for parametric investigations. Table 2 lists the cases investigated.

Table 2. Details of the cases investigated

	Case 
	Inlet Velocity

m/s
	Particles

 mm
	Notes: inlet water volume fraction 50% 

Phase 1=water

Phase 2 = oil

(weir height =0.805)

	A4_0
	-0.25
	1
	Particle dia.1mm 

	A4_1
	-0.5
	1
	-do-

	A4_2
	-0.25
	0.25
	Particle dia=. 25mm

	A4_3
	-0.25
	2
	Particle dia =2mm

	A4_4
	-0.25
	3
	Particle 3mm

	A4_5
	-0.25
	1
	Weir height =0.5m

	A4_6
	-0.5
	1
	Weir height =0.5m

	A4_7
	-0.75
	1
	Weir height =0.5m


5. Results & Discussion

Figure 6a,b compares the predicted water volume fraction for two particle sizes 0.25mm and 1mm. Figure 7 shows the velocity vectors at the mid plane. Figure 8a,b compare the velocity patterns for two inlet conditions 0.25m/s and 0.5m/s. Figure 9a,b show distribution of oil volume fraction for two inlet conditions. Figure 10 shows the distribution of oil volume fraction for a case when weir height is reduced to 0.5m. 

Over the range of conditions a range of flow patterns were observed. For efficient separation particularly stratified flow must be obtained according to their different densities.  The results show that there are significant differences in separation of the two materials when different size particles are selected as shown in Figure 6a,b. Smaller particles result into more mixed flow than the larger particles where separation of two phases is more pronounced. Varying inlet mixtures and velocities may well result in different particle distributions and the design of the separator should take a range of operating conditions into account as demonstrated in Figures 8 and 9. 

Present study shows the potential use of CFD for separator design. It is demonstrated that mesh density should be optimised in any numerical study. Parameters such as volume fraction, particle size and inlet outlet location and size and weir height can be easily changed in CFD design study. Whilst these studies are useful for initial design, there are parameters that have not been considered at present such as gas and sand effects.  Emulsification and coagulation effects, which are transient effects are also not undertaken into this steady state study. Present work will be extended further to take some of the physical mechanisms into account. 

Reference:
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 Figure 4 Comparisons of predicted velocity profile by different mesh models (ref to Table 1)
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 Figure 5 Comparison of predicted oil fraction by different mesh models: (refer to Table 1)

Figure 6 Comparison of water volume fraction for (a) 0.25mm particle (b) 1mm particle
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Figure 7 Velocity vectors
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IPSA4_7,h=0.5m, v=0.5m/s
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Variation of oil fraction at outlet-2 w.r.t. y-axis
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Figure 8 Velocity distribution at mid-plane for inlet velocity (a) 0.25m/s ; (b)0.5m/s 
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Figure 9 Distribution of oil volume fraction (a) 0.25m/s, (b) 0.5m/s
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Figure 10 Distribution of oil volume fraction for Weir height 0.5m





























