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Main Idea

� Simplified steady state model for subsea separation system.

� Find optimal conditions to maximize oil fraction in product.

Introduction

� Subsea separation of hydrocarbons: Why?

� Enables production from harsh environments.

� Saves operating and capital costs.

� Improved hydrocarbon recovery + Water reinjection.

� Very few simplified separation models in literature:

� We developed steady state models.

� Goal: Identifying optimal operating conditions.

Process Description

� Gravity Separator: Preliminary oil/water separation

� Dewaterer: Removes residual water from oil stream

� Deoiler: Removes residual oil from produced water

Gravity Separator Model [1]
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Variables

q Volumetric flow rate

A Cross-section area

vh Horizontal velocity

vv Sedimentation velocity

µ Viscosity

rd Droplet radius

αb Water outlet oil fraction

Deoiler Model

Swirl Element

LPO

HPOInlet Flow
R

Oil droplets 

in water

Pure water

Continuous 

oil phase

Ri

Droplet trajectory

HPO

LPO

HPO

rinr

rin r1 Ri

R

Horizontal flow velocity

vz(r)=











qLPO

πR2
i

, r ∈ [0, Ri]

qHPO

π(R2−R2
i )
, r ∈ (Ri, R]

Flow split

FS =
qLPO

qin

HPO

LPO

HPO

vz

Radial velocity

vr =
2r2

d(ρc−ρd)

9µ
v2

θ
r

Dewaterer Model
Droplet trajectory

rin
Ri

t=0
t=�

Inlet

HPO

LPO

HPO

Droplet radius vs. tangential velocity, fitted to data [2]
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Tangential velocity (Rc from [3])
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Model Analysis
Gravity separator: Effect of flow rate and FS on purities

0.3 0.4 0.5 0.6
0.6

0.8

1.0

FS [-]

α
t
[-
]

20 m3/h

25 m3/h

(a) Oil cut in top outlet

0.3 0.4 0.5 0.6
0.8

0.9

1.0

FS [-]

(1
−
α
b
)
[-
]

20 m3/h

25 m3/h

(b) Water cut in bottom outlet

0.6 0.7 0.8 0.9

0.85

0.90

0.95

FS [-]

α
L
P
O
[-
]

(a) Oil cut in LPO

0.6 0.7 0.8 0.9
0.40

0.50

0.60

FS [-]

(1
−
α
H
P
O
)
[-
]

(b) Water cut in HPO

Dewaterer: Effect of flow rate and FS on purities

Deoiler model calibration results at 10 m3/h
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Deoiler: Effect of flow rate and FS on purities

Optimization Results

Objective: Maximize oil fraction in final oil stream
maxFS J = αL,Prod

subject to:

αH,Prod ≤ αmax
H,Prod and Model equations

FS : [FSG,FSDW ,FSDO]

Effect of increase in oil volume fraction at inlet from 0.40 to 0.50

Effect of increase in flow rate at inlet from 20 m3/h to 25 m3/h

Conclusions

� Simplified model to study optimal operation.

� Deoiler model calibrated against experimental results in [2].

� System will be used to study optimal operation strategies.
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