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ABSTRACT

The performance of the electric submersible pump (ESP) significal
affected by Gas Void Fraction (GVF). Thus, using of a Rotary
Separator (RGS) is a suitable solution for this issue. The performanc
the RGS is function of different parameters suels geometry of
impeller, rotating speed, boundary conditions, media viscosity and C
In this study, the influences of GVF, viscosity, and flow rate on vc
and paddle wheel gas separator have been studied. For this purp
commercial CFD software habeen implemented. As results sho
paddle wheel geometry is more efficient in comparison to the vor
gas separator in same conditions. Nevertheless, low efficient reg
occurs in high flow rates. In other words in flow rates higher than 10
bpd efficency of separator is lower than 50% which means that or
the natural separation occurs in RGS equipment. Paddle wt
separator is more sensitive to GVF increase in high viscosities anc
dropdown of efficiency in viscosity of 10 cp is about 20 in petc&he
opposite happens with vortex gas separator in which the separati
efficiency is more sensitive to increase of GVF of liquid stream in Ic
viscosities

Keywords Rotary Gas Separatdg|ectric SubmersiblePump (ESP)PaddleWheelGasSeparatorVortex Gas

Separator
1. Introduction

Oil wells at the beginning of their existen
could lift oil to the surface naturally. Thi
actually means that the total pressure of
well is enough to overcome all the pressi
loss during liquid flow. As the oil well get
old, the bottom hole pressurof the well
decreases and the problem of oil recov

arises accordingly

There are different methods used in

recovery from underground resources and
wells. When the well gets old and oil ceas
to flow naturally to the surface, the second:
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recovery methods are employesecondary
recovery methods include the injection
other fluids like water or gas into the o
media in order to aid the movement of bu
of oil to the surface. These seconde
methods are devoid of the mixture of oil ar
injected fluid. When the secongaroil

recovery methods become inefficient, tl
tertiary oil recovery methods are applied.
this step, various methods are used

increase the flow rate of oil to the well hea
Hydrocarbon gases, nitrogen and polymq
are mostly used as injected fluioigo wells,

in order to increase oil extraction. Typicall
the first injected mass, which is an expensi
material, is supported by the second a
sometimes the third mass of injected flui
into the oil mediain which the secondand
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third fluid masses are inexpensive and che
materials. The use of submersible pumps
enhanced oil recovery is in this group.

Conversely, submersible pumps increase
pressure of the fluid in the well, so that tl
fluid-s pressure cat
lossin its path. There are different classes
submersible pumps. Electrical Submersit
Pump (ESP) is one of the important a
commonly used ones among the differe
classes. These pumps consist of several sti
of centrifugal pumps and earn its motivatic
power from the electric submersible motc
The key point is that, as the amount of free ¢
flow increases, the performance of the
pumps significantly decrease. Thus, usi
RGS is a logical step for solving this issue [:

Basically, all enhanced oil cevery
methods have their own advantage based
the well-s specifici
flow rate. However, in a specific situatio
different methods could be used and t
decision depends on engineers..Fighows a
comparison between these methoand the
condition of their usage.

RGS is undertaken to separate gas i
liquid phase wusing centrifugal force
Therefore, the geometry of RGS, which
constructed by an inducer and impeller, sho
be designed to provide adequate rotat
velocity and éss turbulence [3, 4].

The flow of media through the RGS is a &
swirling flow which is extremely complex an
its existence in two phases makes it extrem
complex.
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Hence, it is in fact difficult to analyze an
predict the behavior of such a complex flo
In several studies, new numerical methc
have been presented for analyzing the R
[5,6]. Also, some studies used simplifie
solution to study the RGS [7].

However the defining performance o
function and the determination of the efficie
working point of the RGS have been studi
by several researchers. Alhanati has shc
that each inducer has both high and I
efficient regions. The transition between the
two regions is considerably sharp. Thus, it
essential to determine the inducers regions
Some other publications investigated t
influence of the effect of rotating spee
inducer effect and impeller shape on RC
Haruns introduced a model for analygithe
two phase media. Furthermothis model was
used to determine the accurate inducer h
which is essential for detecting low and hig
efficiency [9]. In another study, an attem
was made to optimize the design of RGS
using inducer geometry arits head relation
[ 9, 10, 12] . The me
viscosity, density, GVF and surface tension
RGS were investigated. Lackner studied 1
effect of pressure, back flow rate, dapiid
ratio, and rotational speed on the performat
of RGSs [1]. Considering all above
mentioned, it is obvious that the performan
of the different type of impeller and induce
were not investigated in the same workil
condition. Focuses on the performancef
popular RGS types such as paddle wheel
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Fig. 1.Comparison of different methods of EOR based on oil liquid rate [3]
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andvortex gas separator, are discussed fur
in this study. The results and the performa
curve of the different types of RGS fi
different conditions of media have be
presented and discussed in this study.

2.Theatrical Background

In order to gain knowledge of the separat
process i n an RGS,
should be studied. This model was introdut
by Alhanati in 1994 [13]. However, the mod
is a mathematidaapproach for anticipatin
the separation efficiency in submersit
equipment.. Further, this model comprises
recursive stages. The separation process i
RGS installation primarily occurs in tw
distinct flow domains: in the RGS centrifug
chamberand within the tubingasing annulus
(called natural separation). The me
importance of the natural separation is the
affects the actual amount of gas and liq
going into the separator. Also, the separa
process in the centrifuge chamber affatits
amount of gas and liquid expelled back ir
the annulus. Thus, the liquid that is expell
as well as some of the gas recirculates bac
the inlet port. Therefore, this process
recirculation of liquid and gas into the inlet
a hidden parametarn eval uat i
efficiency.

Furthermore, the first stage of this mode!
to guess the flow rate of liquid and gas ir
the RGS and pump. Thereafter, the grei
values are obtained for the gas flow rate i
the RGS and pump by solving the twbase
flow in annulus. In the third stage, the he
generated by inducerAP) is investigated
The gas outlet port discharge constant dict:
the pressure dropAP) across the port and
determined empirically as a result of t
port-s ¢ ompitsauld eenotm
that the inducer has to generate sufficient h
to compensate for the pressure drop acros:
gas outlet port. Moreover, by solving the t
phase flow equations inside the separa
chamber, greater values are obtained
circulating flow rates. These steps should
done recursively until convergence occL
For convergence, the head generated
inducer should be equal to the head |
across the outlet ports.

The basic definition and some

components of an RGS equipment are
follows:

9 Inducer

Inducer is a low head axial flow impeller wit
few blades, which is applied in th
installation of RGS in order to provid
sufficient head for the flow to overcome tr
outlet port pressure drops.

1 Multiphase flow

In artificial lift in oil wells, the Gas Oil Ratic
(GOR) is a commonly used parameter
determine the free gas amount flowing in
the inlet ports.

9 Separator chamber

In handling the higher amount of free gas
ESPs, there are stages with special impe
geometries that sepaest the gas and liquic
via centrifugal force, thereby reducing tt
amount of gas in liquid stream for th
subsequent pump stages and avoiding

pump gas lock.

9 Separation efficiency

Separation efficiency is measured usmngss
balance on the liquid stream, comparing t
amount of gas introduced into the inlet pc
of RGS to the amount of gas in liquid stree
entering into the pump [14].

- a a Ta 1)
where— s separator efficiency.
a  is the amount of mass flow of gas in
the RGS.

a is the amount of mass flow of gas in
the ESP.

3.Modeling and Numeric&imulation

The numerical simulation with CFD require
proper steps to obtain accurate results. He
the CFD stepdor the RGS internal flow
simulation are defined:

T Geometrysimulation

In all CFD analysis, the first step involves tt
definition of geometry imodelingsoftware.

The geometry of inducer, separator blac
and crossovers has been generated using
commercial CAD software. All generate
geometries were introduced into the CF
analysis software in IGS format. Th
geometry of separator and inducer and a
the full RGS model are shown in Figa 3

and 4.
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Fig. 2.Paddle wheel separator

Fig. 3.Vortex separator

Fig. 4.Cross over



Saba Darbani et al ./energyequipsys / Vol 3/Nol/Jan 2015 37

9 Grid generation

Generated geometries have been introdL
into commercial meshing program. The Pa
conforming method is wused for gril
generation in these geometries. In places \
high pressure gradient (boundary layel
inflation mesh is generated (Fig. 5). It
necessary to determine the influence of m
size on solution and results. For tt
simulation, thetorque value on separator a
inducer blade is used as the parametel
evaluate four grids. The results show how
torque value trends to the asymptotic va
when the number of nodes increases.

NN

14.0

Fig. 5.Inflation layers

9 Numerical method

The co@ in solving the NavieBtokes
equations using the finite volume meth
permit subdividing of the domain in sevel
control volumes bounded by nodes. T
Navier-Stokes equations consist of three m
equations:

Mass conservation:

™ Th
Momentum conservation:
-h i -h T\ /T
?GMY ﬁMYY

o R, HY AY 3)
Energy conservation:
LA .
0 WM

% 3 % Y 4)

The differential equations governing tl
phenomena are integrated for eaobntrol
volume using the GaudBivergence theorem,
Mass conservation integrated equation:

A N

= "Qw "Y& mn 5

S ®)

Momentum conservation integrated equatio

= TYQe  YYGRE

%) @ (©)
5 e RY AY v o
v Fo Fo @

Energy conservation integrated equation:
A

_ Y 'Q . " 7Y- ’
Y w (€]
3 o (05 Y'Qw
Fo (7)

Integration of each control volume leads
discrete equation that relates each variabl
control volumewith the variable of neighbo
nodes, which guarantee the mass, energy
momentum conservation over the domain.
example of this discretization in the directi
of the x axis is shown in E§:

@ w o naQo vy (8)
By obtaining thepressure field and mas

flux the above equation could be solved
each node and control volume.

1 Multiphase flow

In this study, the particle model has been u
to simulate the twghase flow in the RGS
The particle model is subset of no
homogenous wdel and uses the Euleri
approach to simulate the multiphase flow.
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In this model, one of the phases is conside
as continuous phase (a) and the other
discrete phase (b).

9 Turbulence model

The turbulence models, which are availa
for multiphasdlow, are a generalized form ¢
the single phase turbulence models. It
necessary to supply transfer terms betw
phases forll ad -. For twophasd -

model, the turbulence viscosity is defined
shown in EcP:

Cog 2 ©)
Transport equation foll (Eq10) ard -
(Eq.11) in multiphase flow is similar to th
equations for this turbulence model in t

single phase flow:

! .

— 1" Q ngi " YQ — nQ
I o .

L0 -y (10)
i oagi” Y- — n.
1o \

i - 3
— 60 6 7 - 1% (11)
Q

The difference in twaphase turbulence mod
is in two additional terms ofY and”Y

which shows transfer off and - among
between two phases.

Sato simulated the turbulence related
particles with improvement of Eddy viscosi
equation for continuous phase:

‘ : : (12)
where' isindicates the Eddy viscosity froi
shear stress and is the additionalterm
from particles:

‘ ™ 1 QsY TYs (13)

This method is called the Sato Enhant
Viscosity Model.

1 Boundary condition

The boundary conditions were fixed as:
- Inlet: Constant Total pressure appli
in the rotation of axis direction ar
GVF.
- Liquid Outlet: constant mass flow
- Gas outlet: constant static pressure
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- Wall (hub and blade): nslip with
velocity of 3500 rpm
- Wall (shroud): neslip condition
After defining the above boundary conditior
the simulation starts running (Fig. 6).

Fig. 6.Separator installation

4 Results and Discussion

In this study, the separation performance
two types of RGS were investigated unc
different flow conditions. Viscosity, volum
fraction of gas flowing into RGS and the flo
rate are the threparameters that have be
changed in each simulation. The obtair
results are indicated and discussed as follo

1 Grid independency

The number of elements which increases
order to examine the grid indepency s
torque, is considered as a variablet thraust
be asymptote. The results of this study st
the increase in the number of elements
2,500,000 for the vortex gas separator ant
3,000,000 for the paddle wheel gas separ:
However, the grid independency and the ¢
study for Vortex gas sepator blades are
shown in Figs7 and 8, respectively.

1 The effect of viscosity and GVF o
performance of each geometry

First of all, based

the efficiency of RGS in low flow rates, tt
efficiency is high and is in the order 80%,

due to the fact that, in low flow rates, liqu
stream stay longer in the separator chambe
order to complete the separation process. /
result, a sudden drop in the efficiency of R¢
is observed in high flow rates. Based on

obtained resultsthis efficiency drop regior
occurs in higher flow rates in Paddle whe
separator rather than vortex gas separator.
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Paddle Wheel Separator

Torque on Separator Blade

2 3 4

I |

Millions

Number of Mesh Elements

Fig. 7.Paddle wheel grid indecency

Vortex Gas Separator

Torque on Separator Blade
o
D

2 3
Millions

Number of Mesh Elements

Fig. 8.Vortex grid indecency

As obtained in results shown in EBg the
paddle wheel separatagenerally shows
better performance in comparison to vor
gas separator. The efficiency of separat
decreased significantly with increase
viscosity of liquid flowing into the RGS
However, the performance of the pad
wheel separator is highly &ifted by viscosity
increase rather than vortex gas separator.

The effect of GVF increase on the

performance of each separator is a
observed in this study. It is shown that 1
Paddle wheel separator is more sensitive
GVF increase inhigh viscosities, but th
reverse is the case for the vortex gas sepal
in which the separation efficiency is mo
sensitive to GVF of liquid stream in lowt
viscosities. However, as the GVF increas
the efficiency of separation in both geometr
decreased (Fig. 9).
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GVF 15% & Oil Viscosity 10Cp
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T GVF contours

GVF contour for two geometries have be
shown in different flow rates and specific inl
GVF and viscosity. The distribution of gi
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Fig. 9.Effect of GVF and viscosity of paddle wheel and vortex gas separator

chamber in thepaddle wheel type is high. A
such, the high efficiencies obtained in tl
separator type could be attributed to this fe
Also, in higher liquid flow rates, because
the high turbulence effect, gas and liqt
phases are mixed together and the effigie
is reduced magnificently (Figs. 10 and 11).
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Fig. 11.GVF contour for vortex separator (viscosity: 10 cp, GVF: 30%)

5.Conclusion

T

In general, a paddle wheel separe
shows better performance in comparis
to a vortex gas separator.

In a paddle wheel separator, the efficier
decreases significantly witlincrease in
viscosity. Also, the same trend happer
with increase in gas void fraction.

In higher viscosities, the decrease

efficiency with increase in void fraction |
high in the paddle wheel separator. T
opposite happens with vortex ¢
separatorand this trend occurs in lowe
liquid viscosities.

Moreover, the concentration of gas in t
center area of the separation chambe
the paddle wheel separator is higher tl
the vortex gas separator, resulting

higher performance of the paddle whe
separator.

In high flow rates, the turbulence mix
the liquid and gas phases, there
resulting in poor performance. Also,

higher flow rates, the retention time in t
separation chamber is low, and as st
higher separation efficiencies are obtair
in lower flow rates.
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