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Introduction

Surface separators are the first operational facilities in
production units. The main task of the separators is the
gravitational separation of the gas and the liquid forming
the production fluid using the density difference between
the two phases [1-3]. Investigating and determining the
optimal operating conditions as well as achieving the
optimal design of multiphase separators, in addition
to increasing the efficiency of the separator, will
have a significant impact on reducing economic costs
and achieving more revenue from the production of
valuable products [4-6]. Quasi-experimental separator
design methods are commonly used to determine the
optimal length and diameter of separators [5]. But
these methods are based on simplifying assumptions
that make it difficult to trust the design with which they
are used. Therefore, in order to achieve the separation
process design, it is necessary to have a laboratory pilot
unit to evaluate the separation efficiency in different
operating conditions [4].

In this research, experiments are performed on the
built experimental pilot and the effect of factors such
as liquid level height and operating conditions were
investigated. A CFD model is then built on a pilot basis
and validated with experimental data with a relative
error of less than 8%. A semi-empirical method is
used for similar conditions of the experimental pilot
and comparing the results with the corresponding
experimental data shows the low accuracy of the semi-
empirical method. Finally, the available experimental
data and the data generated from the validated CFD

Accepted: November/17/2020

model are used to design a neural network and predict
a correction factor for the semi-empirical method.
Sensitivity analysis shows that out of 10 parameters
affecting the correction factor, 4 have a much greater
effect than the rest.

Materials and Methods

Figure 1 shows the actual dimensions of the liquid-gas
two-phase separator. As shown in Figure 1, the inlet of
the separator is a 90 degree elbow and there are gas and
liquid outlets at the end of the separator. An altimeter was
used to control the liquid level. Pressure and temperature
gages were also used to monitor the separator pressure
and temperature during the experiment.

Two-phase (Liquid-gas) Flow Loop

To evaluate the performance of the two-phase liquid-
gas separator, a two-phase (liquid-gas) flow loop was
designed and constructed (Figure 2). The single-phase
water flow is pumped from the water tank to the flow
loop by a pump, and after measuring its flow rate by
a water rotameter and determining its temperature
and pressure, it is mixed with the gas flow from the
air compressor at the mixing point by a static mixer
to form a two-phase flow. This two-phase flow travels
a distance equal to 160 times the diameter of the
pipeline to form a developed two-phase flow. The air
flow is also supplied by an air compressor and before
entering the mixing point, its flow rate, temperature
and pressure are measured by the air flow indicator,
temperature gage and pressure gage, respectively.
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Fig. 1 The designed liquid-gas two-phase separator.

The two-phase flow of gas and liquid is separated
into the original phases after entering the two-phase
separator. The separation is performed by gravity.
The two-phase gas-liquid separator was examined in
different gas-liquid interface levels (10, 50, and 90%
of total separator height) and in different liquid and
gas flow rates. A filter, which according to its catalog
can absorb liquid droplets with diameters as low as 20
microns, was installed at the gas outlet. To evaluate
the performance of the filter, it was installed on the gas
flow loop, and water droplets were injected into the gas
flow using a syringe. After three tests and measuring
the weight of the filter, its operating efficiency was
determined to be 90 percent, and it was observed that
it traps at least 90% of the water droplets in the gas
flow. The water droplet diameter measurement in the
air flow was conducted using a photography system,
and the filter was photographed from three different
directions to minimize the effects of light refraction.
Finally, the diameter of liquid droplets which did not
coalesce while moving was determined according
to the scales on the scaled ruler using Digimizer
image processing software and maximum, minimum,
and mean values for liquid droplet diameter were
measured. Furthermore, the volume fraction of water
droplets in the air flow was determined by weighing.
The photography was performed at the rate of 30
frames per second using a 25 MP camera capable of
up to 10 times magnifying and the weighing of trapped
liquid droplets was conducted using a scale with the
accuracy of 0.01 grams.

Results and Discussion

Separators are one of the most important part of
surface equipment in the oil and gas industry. The
design of separators is a complex procedure, and
the exact methods of their design are not available
to the public due to their high economic efficiency.
The semi-empirical methods of separator design are
not reliable due to simplifying assumptions in the
process of obtaining relationships. Another popular
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method of separator design is numerical modeling
using computational fluid dynamics, but this method
must also be validated with experimental results in
order to be usable. In this study, a pilot laboratory
separator unit was constructed, computational fluid
dynamics simulations were performed for it, and then
the results of numerical modeling were validated with
experimental data. In the next step, after comparing
the results of a known quasi-experimental relation
with the experimental data and observing its high
error, the equations of this quasi-experimental relation
were corrected by adding a correction factor to it. The
effect of effective parameters on this correction factor
was obtained by designing an artificial neural network
using the output data of experimental experiments
and simulation of the accredited fluid computational
dynamics and the dominant effective parameters were
determined.

The following results are taken from these different
sections:

* From the results of experimental experiments using
a laboratory separator pilot unit, it was concluded
that increasing the inlet gas flow to the separator
and decreasing the height of the liquid surface in
the separator leads to an increasing in the volume
fraction and maximum diameter of the liquid droplet
in the separator gas outlet. Its performance declines.
Increasing the distance between the gas outlet and
the separator inlet in the test case also improved the
separator performance.

* The results of the simulated fluid dynamics model
were validated using fluid volume and discrete particle
models with a relative error of less than 8 percent in
comparison with the experimental data.

* One of the known quasi-experimental relationships
in separator design was used for similar conditions
to the separator pilot unit. Comparing the values
obtained from quasi-experimental relationships and
the data obtained from experimental experiments, it
was concluded that these relationships have significant
errors. In order to compensate for this error, the
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addition of a correction factor to the equations of this
method was considered to increase its accuracy.

* Due to the effectiveness of the correction coefficient
added to the quasi-experimental relationships of
several different parameters and the impossibility of
producing sufficient data to perform sensitization
analysis, the accredited fluid computational dynamics
simulation model was used to produce more reliable
data. Then, numerical model data sets and experimental
experiments were used to design an artificial neural
network and investigate the relationship between
the correction factor and the parameters affecting it.
The results of the neural network showed that the
parameters of inlet gas flow rate, gas phase density,
drag coefficient and effective separation length are
the dominant parameters affecting the correction
coefficient.
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