Science & Technology Development Journal - Engineering and Technology, 2(511):51164-51173

Open Access Full Text Article

Research Article

Experimental study of circular inlets effect on the performances of
Gas-Liquid Cylindrical Cyclone separators (GLCC)

Ho Minh Kha', Nguyen Thanh Nam?*, Vo Tuyen3, Nguyen Tan Ken3

Use your smartphone to scan this
QR code and download this article

ABSTRACT

The gas-liquid cylindrical cyclone (GLCC) separators is a fairly new technology for oil and gas in-
dustry. The current GLCC separator, a potential alternative for the conventional one, was studied,
developed and patented by Chevron company and Tulsa University (USA). It is used for replacing
the traditional separators that have been used over the last 100 years. In addition, it is significantly
attracted to petroleum companies in recent years because of the effect of the oil world price. How-
ever, the behavior of phases in the instrument is very rapid, complex and unsteady which may
cause the difficulty of enhancing the performance of the separation phases. The multiple recently
research show that the inlet geometry is probably the most critical element that influences directly
to the performance of separation of phases. Though, so far, most of the studies of GLCC separator
were limited with the one inlet model. The main target of the current study is to deeply understand
the effect of different geometrical configurations of the circular inlet on performances of GLCC by
the experimental method for two phases flow (gas-liquid). Two different inlet configurations are
constructed, namely: One circular inlet and two symmetric circular inlets. As a result, we propose
the use of two symmetric circular inlets to enhance the separator efficiency because of their effects.
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INTRODUCTION

In the petroleum industry, separating the single
phases of gas and liquid from a multiphase product
is an important stage of the production process. The
tradition type separators, that have been popularly
used for this work, are big, heavy, bulky, and costly
in purchasing and operating. The gas-liquid cylindri-
cal cyclone (GLCC) separator, a potential substitute
for the conventional one, was patented by Chevron
Petroleum Technology Company and Tulsa Univer-
sity .

The GLCC is a simple, compact, low-weight, low
inhabitancy time and the low-cost separator that is
rapidly gaining popularity as an alternative to conven-
tional gravity-based separators. Shown in Figure 1 is
a GLCC consisting of a vertical pipe with a tangen-
tial inlet and outlets for gas and liquid. The tangential
flow from the inlet to the body of the GLCC causes
the flow to swirl with sufficient tangential velocity to
produce centripetal forces on the entrained which are
an order of magnitude higher than the force of grav-
ity. The combination of gravitational and centrifugal
forces pushes the liquid radially outward and down-
ward toward the liquid exit, while the gas is driven in-
ward and upward toward the gas exit!~.

The operational envelope of a GLCC is described
by two phenomena: Liquid carry-over (LCO) in the

gas stream and gas carry-under (GCU) in the liquid
stream. The start of liquid carry-over is identified by
the first trace of liquid in the gas stream. Similarly, the
first visible bubbles in the liquid underflow mark the
onset of gas carry-under. The difficulty in developing
accurate performance predictions arises largely from
the variety of complex flow patterns that can occur in
the GLCC. The flow patterns above the inlet can in-
clude bubble, slug/churn, annular-dispersed, and lig-
uid ribbon flow. Below the inlet, the flow generally
consists of aliquid vortex with a gas-core filament. Al-
though they have potential applications, the complex
phenomenon affecting the separating efficiency have
not been studied completely in the past =,

This difficulty in predicting the hydrodynamic perfor-
mance of the GLCC has been the single largest ob-
struction to broader use of the GLCC. Even without
tried and tested performance predictions, several suc-
cessful applications of GLCC’s have been reported?.
The development of reliable performance-prediction
tools will improve GLCC’s through hardware mod-
ifications and, ultimately, will govern the speed and
extent to which GLCC technology is deployed in ex-
isting and new field applications. Recent laboratory
observations and computer simulations indicate that
hardware modifications to the GLCC can have a pro-
found effect on GLCC performance?. The GLCC per-
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Figure 1: The Gas-Liquid Cylindrical Cyclone separator.

formance is dependent upon the tangential velocities
of the swirling fluids, especially that of the liquid. The
inlet is the single most redesigned component of the
GLCC because of the inlet’s influence on tangential
velocity >, Kouba and Shoham' observed experi-
mentally that the optimal inclined inlet angle is 27°
which allowed to retard significantly the onset of liq-
uid carry-over (LCO) in comparison with the hori-
zontal inlet.

Most of the previous studies of GLCC separator were
limited with the one inlet model "~'?. Movafaghian et
al.'! researched the effects of geometry, fluid proper-
ties and pressure on the hydrodynamics of GLCC with
one and two inlets. But the two inlets is the same of
the side.

Recent studies, they propose the use of multiple
tangential inlets to improve separation efficiency in
GLCC. Such inlet configuration leads to lower swirl
intensity decay than the unique inlet configuration.
It also engenders a more axisymmetric flow, which
would improve the GLCC performance with respect
to LCO 1>, Thus far, over the past 22 years,
more than 6500 GLCCs have been installed around
the world by the petroleum and related industries '°.
However, the research has not been conducted on two
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symmetric inlet types to compare the effect of one
type of inlet with the same angle of inclination and
the area of the nozzle when it uses to separator multi-
phase.

METHODOLOGY OF RESEARCH -
EXPERIMENTAL INVESTIGATION

The GLCC’ geometry is modeled size parameters
along with experimental models of Hreiz. R et al. !>
(Figure 2). According to the diameter size of the pipe
available on the market, in this investigation, two dif-
ferent inlet configurations (Figure 3) are constructed
with the same inclined inlet is 27° and the cross-
sectional area of the inlet was approximately (27-
28%) compared to the cross-sectional area of GLCC.
The two-phase mixture is introduced into the GLCC
through a Y junction and the static mixer (Figure 4).
The schematics of the GLCC test section shows in Fig-
ure 5. The experimental facility meets the following
requirements:

o Two-phases (air-liquid), full separator.

« Easy and quick change of different inlet config-
urations.
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o The GLCC body is transparent to allow visual-
izations and is manufactured in Acrylic

« The inlets are manufactured by stainless steel.

o One phase, 1 HP centrifugal pump, capable of
producing 5-266 L/min (at max. head of 22 m).

« One phase, 3HP ring blower, capable of produc-
ing 325 m?>/h (at max. head of 36 KPa).

« Two rotameters (1.6-16 m>/h) and flow rate
measurement tree to measure flow rates for dif-
ferent inlet configurations.

o One measures air flow

o A 120 liters storage tank

« Two static mixers

Two gas-liquid phases are supplied from the centrifu-
gal pump and the gas blower. The mixture before en-
tering the GLCC is mixed together through a static
mixer. Inside the GLCC body, after phase separa-
tion, the gas phase escapes in the upper direction and
passes through the cyclone to remove frost, clean air
goes out, separated fog is collected again to measure
and then return to the tank. The liquid phase after
passing through the GLCC will drain in the down-
ward direction and return to the tank.

RESULTS

In the GLCC upper part, liquid droplets are pushed
toward the walls by centrifugal force and combine into
a liquid layer. As this liquid layer is compact com-
pared to discrete droplets, the gas flow will have more
difficulties to take it up to the top outlet. The liquid
from the wall layer falls down by gravity into the liq-
uid vortex thereafter. However, if the gas flow rate is
increased beyond a certain threshold, the liquid is car-
ried over with the gas stream in the GLCC upper out-
let. This limiting phenomenon is called Liquid Carry-
Over (LCO) 4,

The LCO in the gas stream is largely dependent on the
flow pattern in the upper part of the GLCC. Flooding
may occur in the GLCC at high liquid levels and low
gas rates, producing bubbly flow. The unsteady liquid
fluctuations, characteristic of churn flow at moderate
gas rates, may jump liquid into the gas outlet. The lig-
uid can also be carried out in droplets at the onset of
annular mist flow at high gas rates. At very high gas
rates, the centrifugal force of the swirling gas pushes
the liquid to the wall of the pipe, where it may form an
upward-spiraling continuous ribbon of liquid *!7.
In our study, the GLCC is operated under conditions
of LCO. When the superficial gas velocity in the cylin-
drical (Vsg) decreases from about 9 m/s to about 1
m/s and simultaneously, the superficial liquid veloc-
ity (Vsl) in the cylindrical increases from 0.1 m/s to

0.5 m/s. The upper flow component of the GLCC also
transitions from the annular flow to the flow churn
(Figure 6) as the one inlet is used. However, when us-
ing the two-inlet type, the velocity value of Vsg and
Vsl inside the cylindrical will be higher than the one
inlet of the operational envelope of LCO. Effect of
inlet geometry on the operational envelope for LCO
threshold are presented below.

Annular flow'® is a flow regime of two-phase gas-
liquid flow. It is characterized by the presence of a lig-
uid film flowing on the channel wall (in a round chan-
nel this film is annulus-shaped which gives the name
to this type of flow) and with the gas flowing in the
gas core. The flow core can contain entrained liquid
droplets. In this case, the region is often referred to as
annular-dispersed flow, where the entrained fraction
may vary from zero (a pure annular flow) to a value
close to unity (a dispersed flow). Often both types of
flow, pure annular and annular-dispersed, are known
under the general term of annular flow (Figure 6 a).
The churn flow LCO regime the churning flow (Fig-
ure 6 b) is a very chaotic and turbulent regime char-
acterized by unstable vertical oscillations of the flow
that can occur for moderate to high liquid flow rates.
According to our visual

observations, beyond a certain air flow rate, the USLF
(Upper Liquid Swirling Film) is destabilized, mainly
because of the air flow that tries to lift it up. Thus,
the USLF loses its integrity, which results in a churn
flow regime with violent oscillations just above the in-
let level. Liquid droplets are ejected from the churn
flow region and may splash up to the gas outlet,
thereby initiating the LCO. If the gas flow rate is in-
creased further, more liquid is lifted by the gas, and
the churn flow regime invades all the upper part of
the GLCC'*".

With two symmetric inlets and when the GLCC is op-
erated in a state of churn flow (Vsg < 4 m/s and Vsl >
0.25 m/s). The flow in the upper of the GLCC fluc-
tuates very strongly and continuously changes. It is
characterized by the presence of a very thick and un-
stable liquid film, with the liquid often oscillating up
and down in cycles (Figure 7). But, there is a really
interesting which is the oscillation around the tube is
relatively uniform when using the two inlet type com-
pared to the other inlet. This will affect the perfor-
mance of the separator.

In the GLCC lower part, if the swirl intensity is high
enough, the free gas-liquid interface gets carved out
and the vortex can be observed. The liquid flows from
the inlet nozzle to the vortex in a thin swirling film
(Figure 1), to which we will refer to as Lower Swirling
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Figure 2: Main dimensions of the GLCC.
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Figure 3: The different inlet configurations.
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Air flow meter

Figure 5: Schematics of the GLCCtest section.

Liquid Film, LSLE Large bubbles quickly move to-
ward the free interface due to buoyancy. Smaller bub-
bles, while being dragged downward by the liquid, are
pushed radially toward the vortex center. They form
a bubbly filament which allows a nice visualization of
the vortex core. These bubbles are supposed to rise up
to the free interface and to disengage "'*.

A variety of experiments has been conducted with the
both of the inlets to investigate the different flow pat-
terns in the lower part of the GLCC. The study was re-
stricted to gas-liquid flow rates upper the LCO limit.
The top part of the vortex, the crown, was maintained
about 100 mm below the inlet nozzle through a valve

installed on the GLCC lower outlet (Figure 5). The
vortex level was not set closer to the entrance level for
two reasons. The first reason is that in field condi-
tions, gas and liquid flow rates fluctuate in time. Thus,
the vortex level in the GLCC must be maintained at
a certain distance from the inlet, so that the control
system has enough time to react in the case of a sud-
den increase of the liquid flow rate, and prevents the
vortex to exceed the inlet level and to lead to a preco-
cious LCO. The second reason is that when the vor-
tex level is too close to the entrance, we observed that
the flow gets disrupted. As noticed by Shoham and
Kouba?, some distance from the entrance is necessary

SI168
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Figure 6: Schematics of different LCO flow regimes.
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Figure 7: Fluctuations up and down in cycles of the churnflow LCO regime.

to achieve an optimal swirl intensity '*.

Based on visual observations, the bubbly filament
presents a very complex hydrodynamics. The flow
pattern depends mainly on the liquid flow rate and
the number of the inlet. An increase in the gas flow
rate has little effect on the flow pattern but increases
the number of bubbles in the flow. As Vsl increases
and Vsg decreases, the flow pattern is characterized
by important centrifugal forces and so, the vortex be-
comes deeply excavated and shows tortuosities. Bub-
bles tend to be smaller and, as the swirl intensity be-
comes higher, most of the bubbles concentrate in the
filament, and bubble dispersion decreases (Figure 8).
The warping of the vortex comes from the use of
a unique inlet nozzle, which induces a pronounced
asymmetry in the flow. Extremely few bubbles are
found outside the region around the bubbly filament
and the zone near the vortex interface.

S1169

Figure 9 displays the filament core of a one and two
circular inlets. The upward and downward flow re-
gion near the cylindrical center line for one inlet has a
helical (spiral) shape. But, the upward and downward
flow region near the cylindrical center line of two noz-
zle inlets is a quite axisymmetric flow field. In GLCC’s
design, this means that there is more space to capture
bubbles at the center and uplift them to the gas-liquid

interface for the separation.

DISCUSSION

In order to determine the start of liquid carry-over
LCO for a given liquid flow rate, a series of experi-
ments is done at a fixed liquid flow rate. A gas flow rate
is chosen, the mixture is introduced into the GLCC,
and it is observed whether or not the liquid reaches
the upper outlet.
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Figure 8: Different vortex regimes in the GLCC lower part (casetwo inlets is used).

One circular inlet

Iy

Two circular inlets

Figure 9: The filament core in the GLCC lower part.

Figure 10 shows the variations of the operational en-
velope for LCO threshold with the GLCC inlet con-
figurations, at atmospheric pressure for an air-water
system. Two different inlet configurations were used:
a 38 mm L.D single-inlet and 27 mm I.D for two sym-
metric inlets.

Comparison between the LCO operational envelopes
for them reveals that the operational envelope of LCO
expands significantly for the two symmetric inlets
than the operational envelope of LCO for single-inlet.
It demonstrates that, the performance of the two sym-
metric inlets better than the performance of single-
inlet for conditions approaching the operational en-
velope for LCO.

In addition, to increase the reliability of research data,
the comparison between the present data and the data

reported by Movafaghian et al. !!

is presented in Fig-
ure 11. Note that the present data are for a 72 mm
ID GLCC while the data of Movafaghian et al. were
obtained for a 76.2 mm ID GLCC'!. Then, this pipe
area is gradually reduced by placing a plate within the
inlet pipe to reduce the inlet area to about 25% of
the area of the cylinder (crescent nozzle). The results
show that the operational envelope of Movafaghian et
al.'! data expands lightly compared to the other. This
is consistent with the research results of Shoham and
Kouba? that the concentric-circular nozzle configura-
tion had the poorest performance, while the crescent

SI170
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nozzle performed closest to the rectangular slot with
the same cross-sectional area.

A series of experiments were conducted to compare
the performance of GLCC, the top part of the vortex,
the crown, was maintained about 100 mm below the
inlet nozzle. Test results show that the effect of struc-
ture and number of inlets has a clear impact on the
performance of the separator. When using the two
symmetric inlets type, the separation efficiency of lig-
uid is higher than the separation efficiency of liquid
for the one-inlet type (Figure 12).

CONCLUSIONS AND
RECOMMENDATIONS

For the GLCC design, besides cylindrical cyclone di-
ameter, the inlet nozzle geometry is probably the most
important parameter because it controls directly the
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Figure 12: Separation performance with liquid.

swirl intensity in the flow *1°, In this research, the
effect of two different nozzles design of inlet on the
hydrodynamics and the performances of a gas-liquid
cylindrical cyclone (GLCC) working in a full gas-
water separator configuration was investigated by ex-
periments. The measure has been used as a potential
tool to ameliorate the influence of the different geo-
metrical configurations of the inlet on complex flow
patterns of the GLCC separators. The following con-
clusions can be extracted from this study:
Comparison of the operational envelopes for LCO re-
veals that the two symmetric inlet configuration is su-
perior to the single-inlet.

The separation efficiency of the device will be higher
when using two symmetric inlets. However, the man-
ufacturing is more difficult and takes up more space
than the other. In addition, the two-phase flow bal-
ance for the two inlets should also be considered.
Finally, we suggest the application of two symmetric
inlets type that is the same angle of inclination and the
area of the nozzle with the unique inlet configuration
to improve separation efficiency in GLCC. Such in-
let structure leads to lower swirl intensity decay than
one inlet configuration. Besides, it also creates a more
axis symmetric flow at the center line, which would
improve the uplift of air bubbles in the performance
of GLCC.
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B& tach khi-long GLCC la mét cong nghé kha mdi clia nganh dau khi. Thiét bj dugc nghién ciu,
phét trién va cdp bang séng ché bai cong ty Chevron va Dai hoc Tulsa (Hoa Ky). N6 dugc st dung
s nhu la su thay thé tiém nang cho cac loai kiéu tach truyén théng da dugc st dung trong hon 100
QR code and download this article nam qua. Ngoai ra, GLCC nhan dugc su thu hut dang ké vdi cac cong ty dau khi trong nhiing nam
gan day vi anh hudng clia gia dau thé gidi. Tuy nhién, hanh vi clia cac pha trong thiét b rét nhanh,
phtic tap va khéng én dinh gay kho khan trong viéc ting hiéu sudt tach riéng cac pha. Nhiéu
nghién cu gan day cho thdy rang, hinh hoc dau vao la yéu té quan trong nhat anh huéng truc
ti€p dén hiéu sudt lam viéc cla thiét bi. Tuy nhién, cho dén nay, hau hét cac nghién ciu vé GLCC
chi gidi han véi moé hinh mét dau vao. Muc tiéu chinh ctia nghién cliu nay 1a tim hiéu sau vé tac
déng clia cac cdu hinh hinh hoc khéc nhau clia dau vao kiéu tron doi véi hiéu suét ctia GLCC bang
phuong phap thuc nghiém véi dong hdn hop hai pha (khi-léng). Hai cau hinh dau vao khac nhau
dugc xay dung, dé la: Mot dau vao kiéu tron va hai dau vao kiéu tron déi xting. Tu két qua thuc
nghiém, ching ti dé xuat sir dung kiéu hai dau vao 6ng tron déi xiing dé nang cao hiéu suat tach
pha.

Tu khoa: Thiét bj tach khi-long, GLCC, Cyclone tach da pha, hdn hgp dong da pha
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