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1. Coalescence

2. Arnold and Stewart

3. Monroe and Svrcek

4. Discrete Random Walk (DRW)
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1. Mean Residence Time

2. Residence Time Distribution
3. Higher Weir

4. VOF
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Introduction

Wilkinson et al. [1] performed one of the most
comprehensive designing processes of separator
using CFD modeling and experimental methods. They
manufactured a small scale laboratory separator, and
then they investigated the functionality and designing
methods of large scale multi-phase separators
using CFD modeling. Their study showed that if
re-entrainment phenomena does not occur the best
separation between phases will be occurred and also
the turbulent effects should not been observed in
gravity settlement section. But in this research, the
opening percent of porous plates were not the same
in the laboratory and CFD simulation. Lee et al. [2]
proposed some instructions to solve operational
problems of separators and investigated their
effectiveness using CFD modeling. Hansen et al. [3]
simulated two-phase flow in horizontal separators and
they observed that the CFD simulation can predict the
results for multi-phase separators better than other
methods. Pourahmadi laleh et al. [4] modeled four
laboratory separators using CFD. Ghaffarkhah et al. [9]
determined the dimensions of multi-phase separator
using arnold-stwart and monery-srveck methods.
They investigated the treatment of fluids effects and
separator performance in separation process. They
used VOF multiphase flow model with DPM in CFD
modeling process. They showed that velocity and
kinetic energy magnitude which was determined by
monery-srveck method is more than arnold-stwart
method and re-entrainment phenomena was increased
in monery-srveck separator. Kinetic energy of particles
in gas phase was investigated using DPM and finally
Ghaffarkhah et al. concluded that the best method for
determining the separator dimensions is comparing the
CFD and empirical results.
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Experimental

The empirical study of performance of two-phase (gas-
liquid) separator was the most important goal of this
study. The two-phase separator was designed using
empirical correlations. The simplifying assumptions
were considered in these empirical correlations that
lead to make the obtained results of these correlations
less trustable. The companies do not publish the
results of their empirical investigations and determine
the range of unknown parameters. The effects of the
inlet diverter and fundamentals of turbulent flow were
neglected in the empirical correlations. The two-phase
(gas-liquid) flow loop was designed and manufactured.
Air and water flows were mixed at the mixing section
that was a 45° Tee. The maximum operational pressure
was equal to 202650 Pa and operational temperature
was equal to ambient temperature. The liquid fraction
of gas flow in the gad outlet section and the diameter
of liquid droplets in gas flow were measured using
liquid droplets trapper with a filter which was mounted
at gas outlet section. It was observed that if liquid
height in the separator decreases the effective length
for liquid droplets separation increases, in other words,
the volume fraction of liquid in gas flow increases.
Increasing the gas flow rate had the same effect on
the effective length for liquid droplets separation.
The CFD modeling results were compared with the
experimental results and it was seen that the average
error was lower than 4%. It was observed that if the
air and water flow rates be equal to 20 and 1 m%/h,
respectively, the measured effective length for liquid
droplets separation was equal to 94cm and when the
liquid droplets trapper with filter was mounted at 80cm
long from inlet diverter, the liquid droplets with bigger
diameter (315 um) were observed.
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Results and Discussion

It was observed that if the air and water flow rates be
equal to 20 and 1 m3/h, respectively, the measured
effective length for liquid droplets separation was
equal to 94cm and when the liquid droplets trapper
with filter was mounted at 80cm long from inlet
diverter the liquid droplets with bigger diameter (315
pm) were observed. The CFD modeling results were
compared with the experimental results and it was
seen that the average error was lower than 4%.

Conclusion

In order to perform the computational fluid dynamics
simulation process, the solver method was pressure
based. The acceleration of gravity was assumed to be
9.8 m/s? in the vertical direction downward. Multi-
phase fluid volume model and standard K-Epsilon
turbulence model were considered. Standard wall
functions were used to investigate perturbations near
the wall. The inlet velocity boundary condition for the
two-phase liquid-gas inlet flow, the outlet pressure for
the outlet gas pressure and the outlet velocity boundary
condition for the liquid outlet were considered. The
maximum operating pressure was considered to be
202450 Pa and the operating temperature equals to
the ambient temperature. The PISO algorithm was
chosen as the solution method and to better converge,
the under relaxation coefficients for pressure, density,
momentum, momentum, volume fraction and kinetic
energy terms were 0.1, 0.9, 0.9, 0.0005, 0.05 and 0.7,
respectively. At the beginning of the solution, the
separator was considered as half-filled and to maintain
the liquid level of the separator the outlet velocity for
the liquid phase was equal to the liquid inlet velocity
at the separator inlet (the inlet and outlet liquids were
considered equal). It was observed that the average
error rate between the empirically measured fraction
and the computational fluid dynamics results is less
than 3%.
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