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ABSTRACT 

In the oil & gas industry, the traditional procedure for slug catcher design is based on the Stokes' law. Design 
equations are obtained from a 1-D analysis and validated with experimental data. Therefore, this method 
basically relies on simplified models and empirical correlations. For this reason, an over margin factor from 
20 to 40% is usually applied. In this paper, a simplified CFD procedure for the modelling of the gas-liquid 
separation is presented. Steady state and transient models have been considered for single phase and 
multiphase fluids, using OpenFOAM. The influence of flow model and mesh grid on results have been 
evaluated as a trade-off between solution accuracy and computational efforts, in order to assess the 
applicability of these models to industry. A comparison of the industrial validation procedure with the CFD 
analysis has been realized, focusing on the pros and cons of the two different approaches. A new application 
solver has been constructed and programmed in order to get the most accurate results with the minimum 
computational efforts. This solver is based on a completely new and innovative approach to the Navier-Stokes 
equations for multiphase flow. New model proposed has been used for the evaluation of design for the two 
slug catchers studied, in order to get a better separation and fluids management. 
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NOMENCLATURE 

A amplitude of oscillation Fy 
component of the resultant pressure force 
acting on the lower side 

a cylinder diameter f, g generic functions 
Cp pressure coefficient h height 
Cx force coefficient in the x direction i time index during navigation 
Cy force coefficient in the y direction j space index 
c chord α angle of attack 
dt time step γ dummy variable 

Fx X component of the resultant pressure force   
 

1. INTRODUCTION 

The global energy demand has grown exponentially 
since the last century, and according to the main 
energy agencies an increase of 41% is expected in 
2035. In this context, the fossil fuels, and in 
particular the oil and the natural gas, will maintain 
their primary role, achieving the 75% of the market 
share (BP, 2014). 

The inexorably depletion of the traditional and 
easily exploitable reservoir has led the major Oil 

Company to focus their attention on the 
improvement of production efficiencies. One of the 
main challenges in the optimizations process of the 
production systems is the development of 
innovative and precise methodologies able to handle 
the multiphase flow, which is a very common 
phenomenon in the actual Oil and Gas applications 
and can cause the onset of critical working 
conditions in upstream and downstream apparatus. 
This last characteristic leads inexorably to the loss 
of production capacity of the entire production 
system, composed by the reservoir, the well and the 

Selected papers from the 7thInternational Exergy, Energy  
and Environment Symposium, IEEE7-2015 
Available online at www.jafmonline.net, ISSN 1735-3572, EISSN 1735-3645. 
DOI: 10.36884/jafm.9.SI1.25816
 



G. Mont
 

 

surface 
company

In the cu
the first 
and oil 
consider
handle a
from th
usually 
simplifie
of the 
separatio
the inco
analysis 
adopted 
validatio

The num
OpenFO
an adva
customiz
simulatio
phenome
analysis
features 
problem
involvin
transfer,
is writte
program
easily c
adopted 
develop 

2. 

The slug
upstream
of a slug

1. It p
flui

2. It m
the 
dow
oil 
ens
to t

3. It m
in 
faci
inco

4. it p
the 

5. Acc
they
(En

6. Ves
ves
han
pre
suit
in t

tenegro et al. /JA

facilities, and fi
y profit. 

urrent work, a C
stage of the sep

occurring at 
ring also the cap
and distribute th

he wellhead. Th
preferred to ex

ed approach to d
slug catcher fa

on of the phases
oming flow. Th
of the main cur
in the petroleum

on procedure of t

merical calculati
OAM® code (O
anced and free
ze and extend 
ons process acro
ena and at d
. OpenFOAM 

to solve an
m, ranging fro
ng chemical rea
 to solid dynam

en in a highly ef
mming, and, sin
customizable. Fo

for this indust
solvers ad hoc f

THE SLUG CA

g catcher is statio
m oil production 
g catcher can be 

provides a buffer
ids coming from

maintains consta
operating cond

wnstream facility
production. Th

sure a constant f
the oil treating se

manages the inte
the upstream 
ility, distribut
oming flux; 

provides a first s
gas and the liqu

cording to their 
y can be classif

ngineering data b

ssel type: simp
ssel. The vessel 
ndle large liquid
ssure. The conf
table for limited
the field. The ma

AFM, Vol. 9, Sp

inally to the dec

CFD analysis is u
paration process 

the slug catch
pacity of the slu
he multiphase f
he Oil & Gas
xploit experimen
design and valid
facility responsi
s and for the ma
he project start
rrent standard me
m industry for th
the slug catcher 

on are carried o
OpenFOAM docu

e CFD Toolbo
software solut

oss a wide range
ifferent level 
has an extensiv
ny continuum 

om complex f
ctions, turbulen

mics and electrom
fficient C++ obj
ce it is open s
or this reason 
trial project as 
for a physical pro

ATCHER 

onary equipmen
system. The ma
summarized as f

r and storage vo
m the well; 

ant and close to t
dition of the up
y, allowing to m

his function perm
flow rate to the 
ection; 

rmittent slug flo
section of the

ting homogene

stage of separat
uid phases. 

geometrical ch
fied in three mai
book, 2004): 

ple two phase
needs to be larg
d slugs and a 
figuration of th
d offshore/onsho
ain disadvantage

pecial Issue 1, pp

2

crease of the 

used to study 
between gas 
her facility, 

ug catcher to 
flow coming 
s world has 
ntal data or 

date the parts 
ible for the 
nagement of 
ts from the 
ethodologies 
e design and 
facility.  

out using the 
umentation), 
ox, able to 
tions to the 
e of physical 
of in-depth 
ve range of 

mechanics 
fluid flows 

nce and heat 
magnetics. It 
ject oriented 
source, it is 
it has been 
it allows to 
oblem. 

nt used in the 
ain functions 
follows: 

olume for the 

the optimum 
pstream and 

maximize the 
mits also to 
gas line and 

ow generated 
 production 
eously the 

tion between 

aracteristics, 
in categories 

e separation 
ge enough to 
high design 

his device is 
ore plot size 
e of this type 

p. 1-9, 2016.  

 

of slug c
volume, 

7. Multi-pip
this case 
connecte
distribute
configura
advantag
and to 
ensuring 
facility. 
configura
layout fl
handle la
a large n
sufficient
slug catc

8. Parking 
joins the 
finger ty
type is ad
counter 
suitable 
its particu
of this 
operation

The configur
finger type o
However the 
project are a
geometry main

Fig. 1. Fl

 

3. THE

The multipha
composed ma
the horizonta
classified co
different phas
flow regime (
the different p
is an import
multiphase flo
are usually di
particular feat
horizontal pip
the last ones (

1. The bub
dispersed

catcher is the r
generally less th

pe type (also c
the pipeline fro

ed to a manifo
es the flow to
ation offers a 

ge both to manag
realize a buf
a continuous fl

Moreover, 
ation gives to 
lexibility along 
arge slug flow fro
number of pipes 
t volume and t
her footprint. 

loop type: this
features of the v

ype slug catche
dopted to manag
current gas/liq
for the offshore
ular geometry. T
device is the 

nal conditions th

ration analyzed
one, which is r
CFD methodolo

also applicable 
ntaining the righ

low regimes in 

E MULTI-PHAS

ase flow comin
inly by gas and 

al pipes of the 
onsidering the 
es inside the geo
(Fig 2). The di
phases inside the
tant parameter 
ow behavior. Th
ivided into flow
tures and charact
pes. Here, the a
Ergun, 1952).  

ble flow: the s
d into the continu

reduced buffer s
han 100 m3.  

called finger-typ
om the well is d
old that collect
o several tubes

technical-econ
ge the level of pr
ffer storage v
ow to the down

the finger 
the operator 

with the capac
om the well. Ho
is required to p

this results in a

s hybrid configu
vessel and those
ers. This slug c
ge liquid carry o

quid flow. It i
e application tha
The main disadv
dependence on

hat reduces flexib

in this work 
represented in F
ogies developed

in case of di
ht level of accura

horizontal pipe

SE FLOW PATTE

ng from the w
liquid. The flow
slug catcher c
distribution o

ometry that defin
stribution assum
e pipes and the d

in the study 
he specific distrib
w regimes mode
teristics, for vert

attention is focu

small gas bubbl
uous liquid phas

storage 

pe): in 
directly 
ts and 

s. This 
nomical 
ressure 

volume, 
nstream 

type 
larger 

city to 
owever, 
provide 
a wide 

uration 
e of the 
catcher 
over in 
is also 
anks to 
vantage 
n strict 
bility.  

is the 
Fig. 1. 

d in the 
ifferent 
acy. 

 
es.  

ERN 

well, is 
w inside 
can be 
of the 
nes the 

med by 
devices 
of the 
butions 
el, with 
tical or 

used on 

les are 
se. It is 



G
 

 

2

3

4

5

6

7

8

T
w
t
a
(
s

T
a
i
t
p

G. Montenegro e

typical for h

2. The stratifi
velocity of
complete se
is separated
he gas. 

3. The stratifi
increases, s
generated. 
depends on
phases. The
of the pipe.

4. The interm
increase of 
waves to re
is character
alternated t
divided into

5. The plug fl
big elongat
reach the d
pipe. Thus,
in the botto

6. The slug flo
another tim
comparable
flow inside
alternation 
phase. 

7. The annu
volumetric 
the pipe wa
on the bot
characterize
droplets com

8. The mist fl
liquid is t
droplets dis

The flow is cons
work, taking int
the separation p
and it is comp
(continuous pha
small droplets).  

Fig. 2. Flow
The first step 
analysis of the m
is the study of th
type slug catch
practice. It is b

et al. /JAFM, V

high volumetric 

ed flow: genera
f both phases, 
eparation of the 
d by an undistu

ied-wavy flow: 
small waves in th

The dimensio
n the relative ve
e waves do not r
 

mittent flow: 
f the gas velocity
each the top of th
rized by the pre
to small waves. 
o two sub-catego

low: this regime
ted bubbles of 

dimension of the
 a liquid volum
m part of the pip

ow: when the ga
me, the bubbles a
e with the pipe d
e the pipe is c

between the g

ular flow: in
flow rate, the 

all, forming an a
ttom of the duc
ed by small 
ming from the li

low: for very hi
transported in 
spersed in the ga

sidered complet
to account the 
process allowed
posed by two p
ase) and raw oi

w regimes in hor
needed to pro

multiphase flow i
he actual design 
her already use
based on simple

ol. 9, Special Iss

flow rate.  

ated by the very 
which leads t
mixture. The li

urbed interface f

as the gas velo
he flux direction
on of the w
elocity between
reach the upper 

the continuo
y conducts the s
he pipe. This reg
esence of big w
This regime can

ory: 

e is characterized
gas, which do 

e full section of
e is always pres
pe. 

as velocity incre
achieve a dimen
diameter. Hence
characterized by
gas and the li

creasing the 
liquid is pushed
annular film, thi
ct. The interfac
waves and s

iquid film. 

igh gas velocity
the flux in s

as continuous ph

ely dispersed in
worst condition

d inside the faci
phases: natural 
il (dispersed ph

rizontal pipes 
oceed with a C
inside a slug cat
procedure for fi

ed in the indus
e concepts of f

sue 1, pp. 1-9, 20

3 

low 
to a 
quid 
from 

ocity 
n are 

waves 
n the 

part 

ously 
mall 
gime 

waves 
n be 

d by 
 not 
f the 
sents 

eases 
nsion 
, the 
y an 
quid 

gas 
d on 
icker 
ce is 
mall 

, the 
mall 
ase. 

n this 
n for 
ility, 

gas 
hase, 

 

CFD 
tcher 
nger 
strial 
fluid 

dynam
these 
curren
consis

1. St
2. Se
3. Si
4. Si
5. Si
6. Si
7. Si

This p
compo
of the 
by the
made 
repeat
previo
and/or
compl
order t
with th

It is 
relatio
compu
experi
of the 
oil and
that sh
superf
depict

In this
the de
is brie
for qu
proced
applic
segreg
veloci
bottom
compu
buoya
The p
pipe su

tV 

The d
differe
In this
consid

dC 

Where
veloci

pRe 

016.  

mics and on th
devices. The 

ntly adopted for
sts of the followi

torage volume ca
election of numb
zing of fingers;
zing of inlet hea
zing of downcom
zing of riser; 
zing of outlet he

procedure involv
osed of series o
number and dia

e validation of th
are shown to be

ted starting fro
ous list, varying
r the diameter. O
leted, the overal
to check the com
he plant layout a

important to 
onship impleme
ute the length 
imental equation
slug catcher dev

d gas are derive
hows the separat
ficial velocity an
ted in Fig. 3).  

s project an alte
esign of the slug 
efly introduced. 

uick comparisons
dure is based
ation of the 

gation is model
ity that produces
m of the geome
uted rearranging
ancy and drag f
articles segregat
uddenly at the te

drop l

d

4gd

3C

 
 
 

drag model can 
ent experimenta
s work the Sch
dered [5]: 


p

24
1 0.15

Re

0.44               

    



e the Reynolds n
ity between the g

l droplet r

l

d U




he experience i
technical sizi

r a finger type
ing main steps: 

alculation; 
ber and diameter

ader; 
mer; 

eader and equaliz

ves an iterative 
f steps based on

ameter of the fin
his selection. If 
e inadequate, th

om the second 
g the number o
Once the design 
ll dimensions ar
mpatibility of the
and pipe-rack.  

focus the atte
ented in this 
of separation. 

ns depending on
vice and on the c
ed and interpolat
tion length as a f
nd the density 

ernative industri
catcher separati
This procedure

s with the CFD 
d on the on

Stokes law. 
led with a con
s a flux of liqui
etry. The termin
g the balance be
forces acting on
tion starts from 
erminal velocity

g

l



 




be chosen from
al or semi-empir
hiller Neumann 

 



0.687
p

p

Re   Re

                 Re




number depends 
gas and the liqui

 

in engineering 
ing procedure 
e slug catcher 

r of fingers; 

zation lines. 

process that is 
n the selection 

ngers, followed 
f the selections 
he procedure is 

point of the 
of the fingers, 
is successfully 

re evaluated in 
ese parameters 

ention on the 
procedure to 
In fact, some 

n the geometry 
composition of 
ted from graph 
function of the 
of the gas (as 

al approach to 
ion mechanism 
e will be used 
solutions. This 
ne-dimensional 

The particle 
nstant terminal 
id towards the 
nal velocity is 
etween gravity, 
n the particles. 

the top of the 
. 

(1) 

m a variety of 
rical relations. 
formulation is 





p

p

e 1000

1000





 

(2)

on the relative 
d phases: 

             (3) 



G. Mont
 

 

 
The indu
the utili
Thus, m
procedur
which c
are brief

3. 

Usually 
modelled
Newtoni
simulatio
2002; H
2002): 

1. Dire
Navi
furth
inter
part 

2. Disp
also 
appr
dispe
form
for t
Eule

3. Two
char
equa
the E

The Tw
work in 
This m
efforts t
every flo
way cou

The gov
form for
continuo
interpen
moment
phases i

that con
between
turbulen
express 
respectiv

Where 



t


U

t


R

tenegro et al. /JA

Fig. 3. 1D S

ustrial standards
zation of severa

many theoretical 
res, generating 
an affect the fin

fly listed below

THE TWO PH

the dynamics
d using the Na
ian fluid. The 
on of this kind 

Hill, 1998; Goss

ct Numerical 
ier-Stokes equat
her manipulatio
rface between th
of the solution. 

persed Phase Ele
referred to 

roach. The equ
ersed phase is e

mulation, while 
the continuous 
erian frame. 

o-Fluid Model: i
acterized using 

ations. Hence the
Euler-Euler fram

wo-Fluid model 
order to simula

methodology req
than the DNS a
ow regime than 

upling granted by

verning equation
r both the fluids
ous, allowing
etration of one p

tum transfer b
s taken into acc

nsiders the forc
n the fluids: dr
nt effect. For ea

the mass and
vely as: 

 

 is the com

 U   0

 UU   

Reff

AFM, Vol. 9, Sp

Stokes approach

s introduced ab
al simplifying a
problems arise
some sources

nal results. The

HASE APPROAC

s of two-phas
avier-Stokes equ

main approac
of phenomena 

sman et al. 19

Simulation (
tions are emplo
on. The topolo
he phases is dete

ement (DPE): th
as the Euler

uation of moti
expressed in the
the conservatio
phase are expre

in this case both
the Eulerian c

e model is also r
me. 

has been adop
ate the two-pha
quires less co
and it is more 
the DPE, thanks

y the Euler-Euler

s are written in t
s, considering ea
g in this 
phase into the oth
between the tw
ount through the

ces acting on t
rag, lift, virtua
ach phase it is 
d momentum c

(4) 

bined turbulent 

 Reff
   



p

pecial Issue 1, pp

4

h 

ove, implies 
assumptions. 
e from these 
s of errors, 
ese problems 

CH 

se flow is 
uations for a 
ches to the 
are (Weller, 
92; Rusche, 

(DNS): the 
oyed without 
ogy of the 
ermined as a 

his model is 
r-Lagrangian 
ion for the 
e Lagrangian 
on equations 
essed in the 

h phases are 
conservation 
referred to as 

pted in this 
ase dynamic. 
omputational 
suitable for 

s to the two-
r approach.  

the averaged 
ach phase as 

way the 
her one. The 

wo different 
e term  

the interface 
al mass and 

possible to 
conservation 

(5) 

and viscous 

M

g
M



p. 1-9, 2016.  

4 

stress Reynold

phase momen

is reported the

as: 

Combining the
phases 

the volumetric

 

Where,

The set of eq
equation and t

In particular, f
interphase mo
different contr
the limited si
neglected and
modelled. 

The turbulenc
standard k-ε 
particular flow
source terms t
turbulence.  

This approach
of a real two-p
drawback is t
perform the s
unsteady natur

3. SIMPL

To overcome
resources whe
addressed, an 
phase approac
The Navier-St
continuous ph
incompressibl
liquid droplet 
scalar variabl
fraction of liqu

The idea is to
phase with th
equation, redu
solved to sim
Instead of sol
momentum tra
thus three e
presented here
equation and 
the continuou
introduced, sim
the separation
gas. Applying

a 
Va

Va
Vb

  a

U  0

U =a

MV


 Fd F

ds number, 

ntum transfer ter

e volume phase 

 

e two continuity
 and  it i

c continuity equa

. 

quations is rearr
then solved. 

for what concern
omentum, its va
ributions. In our
ize of the drop
d only drag an

 

e (Gossman, 19
model, which

w conditions u
to incorporate th

h can provide th
phase physical p
the computation
imulation, main
re of the model.

LIFIED SINGLE

 the high dem
en the simulation

innovative mod
ch has been de
tokes equation 

hase, the gaseou
e, and the segre
is modelled wi

e α, which repr
uid in the total fl

o represent the e
he help of a si
ucing in this wa
mulate the mul
lving the continu
ansfer equations
equations. The 
e allows solvin
one momentum
us phase. The
mulates the disp

n process betwe
g the steady sta

M

b

a   b

aUa bUb

Ftd

is the averaged

rm. For clarity s

fraction , d

          

y equations for t
s possible to for

ation as: 

                        

ranged into a pr

n the calculation
alue id determin
r specific case, 

plets considered 
nd turbulent dr

          

992) is introduce
h is suitable f
under study, inc
he dispersed ph

he best approxim
phenomenon. Th
nal burden requ
nly due to the in

E PHASE APPRO

mand of compu
n of a real geom
del, based on a 
eveloped, is pro
is solved only f

us phase conside
egation process 
ith the transport 
resents the volu

fluid flow. 

effect of the dis
imple scalar tra
ay the equations
ltiphase phenom
uity equation an
s, one for each p

simplified ap
g only one con

m transfer equati
e continuity eq
persed phase flo
een the liquid a
ate condition a





d inter-

sake, it 

defined 

      (6) 

the two 
rmulate 

      (7) 

ressure 

n of the 
ned by 
due to 
lift is 

ag are 

      (8) 

ed as a 
for the 
cluding 
hase on 

mation 
he main 
ired to 
ntrinsic 

OACH 

utation 
metry is 

single-
oposed. 
for the 
ered as 
of the 
of the 

umetric 

spersed 
ansport 
s to be 
menon. 
nd two 
phases, 
proach 

ntinuity 
ion for 
quation 
ow and 
and the 
and the 



G
 

 

h
c
f
(

 

T
e
f
w


w
A
c
t
c
t
f


T
a
s
t
s
t
t
f
d
r
v
o

T
c
T
i
o
v
c
c
t
a


I
c
M
c
o
n
a
v

T
N
s
a
t
a
r

G. Montenegro e

hypothesis of 
conservation equ
form, which is 
(Malalasekera, 2

 
t

 
   


U

The general for
equation, obtain
fixing a cell vo
with the followin


t





UU
U 

whereT  is the st
Applying the ste
condition and n
the liquid partic
convection, the 
the droplet volu
follows: 

 
t





U

The source term
as a scalar qua
should mimic th
to the gravity ef
sedimentation pr
that the gravity p
the direction of 
flux that can b
divergence opera
rearrange the sou
vertical velocity
of the cells: 

 
t

U





The volumetric 
comes from the t
The face center 
in the discretiz
obtained by line
values of the ter
can be also writ
considering the v
the two convec
and deposition:





t
U

In this framewor
correct boundar
Matter of fact, im
condition would
outgoing flux at
not be any kind 
a slip type bou
velocity field has

The drag coeffic
Neumann model
since there is on
assumptions nee
the relative vel
assumed that the
respect to the oth

et al. /JAFM, V

incompressible
uation is rearrang

implemented 
2007; Ferziger): 

0       

rm of the mom
ned with the 

olume in the sp
ng notation: 

   fS TU

tress tensor of a 
eady state and i
eglecting the di

cles, which are 
final equation 

ume fraction ca

 pS   

m 
Sp , is mathem

antity inside th
he separation of t
ffect. Considerin
rocess, it is pos
produces a flow 
f the gravity. Th
e conveniently 
ator. For this rea
urce term as a fl

y multiplied by 

  tV . 

flux of this ne
terminal velocity
value of the ter

zation of the d
ear interpolation
rminal velocity 
tten in a more c
volumetric flux 

ctive contributio

 0tV-      

rk, it is really im
ry on the term
mposing at the b
d imply to assig
t those patches 
of flow.  To acco
undary conditio
s been imposed. 

cient is compute
l previously pre
nly one velocity
ed to be made i
locities. In part
e two phases ar
her only by the 

ol. 9, Special Iss

e flow, the m
ged in the follow
in the solver c

                         

mentum conserva
Eulerian appro

ace, can be wr

                        
Newtonian fluid

incompressible f
iffusive transpor
transported only
for the transpor

an be formulate

            

matically introdu
his formulation 
the liquid phase

ng the physics of
ssible to unders
of liquid particle

his flow produc
represented by

ason, it is possib
flux term, given 
the orthogonal 

            

ew divergence t
y calculated in E
rminal velocity u
divergence term
n of the cell ce
field.  Equation

compact formula
given by the sum

ons: gas convec

                        (

mportant to define
inal velocity. A
oundary a Neum

gn an incoming 
where there sh

ommodate this i
on on the term

ed with the Schi
sented. In this c

y (the gas veloc
in order to estim
ticular, it has b
re moving one 
term responsible

sue 1, pp. 1-9, 20

5 

mass 
wing 
code 

  (9) 

ation 
oach 
ritten 

(10) 

d. 
flow 
rt of 
y by 
rt of 
d as 

(11) 

uced 
and 

e due 
f the 
stand 
es in 

ces a 
y the 
le to 
by a 
area 

(12) 

term 
Eq.1. 
used 

m is 
enter 
n 12 
ation 
m of 
ction 

(13) 

e the 
As a 
mann 

and 
hould 
issue 

minal 

iller-
case, 
city), 
mate 
been 
with 
e for 

the se

determ

An adv
system
more 
contin
single 
transp
term. 
also as
reduct

5

To va
were c
This a
typica
quickl
geome
square
4). In
calcula
the pro
analys
compo

 

Fig. 
 
The si
on the
param
schem
obtain
CFD 
approa
simula
where 
efficie
of the
approx
approx
no exp
therefo
Stokes
calcula

016.  

ettling tV . The

mined by means o

vantage of this s
m of equations is

interaction be
nuity equations o

phase system o
ort equation w
This means that
s a steady state p
tion of the compu

5. PRELIMIRA

alidate the simp
carried out on 
allowed having
l issues that g
ly optimize t
etry is represente
ed cross section 
n this way it 
ations, reducing
oblem, and prov
se the results. 
osed by a simple

4:Square duct g

mulations are m
e influence on t

meters, such as th
mes and the solu
ned have allowe
approaches: the
ach and the sim
ated cases are il

a threshold f
ency of 99%. It 
 complete segre
ximately the sa
ximately 14 m.  
perimental corre
ore, the CFD re
s’ approach. The
ations has been c

Fig. 5:Singl

e value of tV  

of an iterative pr

simplified appro
s now decoupled
etween the mo
of the two phases
of equation plu

which exploits t
t the system can
process, resulting
utation demand.

ARY SIMULATI

plified approach
a pipe with sq
a calculation m

generate errors,
the CFD app
ed by a 16 mete
cross section of
is possible to 

g the time nece
viding the possib

The mesh in 
e block. 

geometry and m

managed focusin
the final solutio

he mesh size, the
ution algorithm
d the compariso

e eulerian-euleri
mplified single-p
llustrated in the 
filter highlights
can be noticed t
egation of the l
ame for the tw

In this particula
elation that can
esults are compa
e particle diamet
chosen equal to 

le-phase approa

is, therefore, 

rocedure.  

oach is that the 
d.  There in no 
omentum and 
s, but there is a 

us a decoupled 
the convective 
n be modelled 
g in a dramatic 
 

IONS 

h, simulations 
quared section. 
mesh free from 
, in order to 

plication. The 
ers pipe, with a 
f 0.36 m2 (Fig. 

simplify the 
ssary to solve 
bility to easily 

this case is 

 
mesh detail. 

g the attention 
on of different 
e discretization 

ms. The results 
on of both the 
ian two phase 

phase one. The 
Figs 5 and 6, 

 a separation 
that the length 
liquid phase is 

wo approaches, 
ar case there is 
n be exploited, 
ared to the 1D 
ter used for the 
150 μm. 

 
ach. 



G. Mont
 

 

 
The 1D
segregat
maximum
reason o
1D theo
whose c
direction
This is o
account 
higher, c
to allo
distribut
condition
case, res
given by

After hav
part of a
a 45° inc
7). This 
CFD sol
the ex
downcom
inches. T
long, wi
has been
volumetr
grid, con
generate
of Open
mesh gen
mesh st
surface r
studied. 
boundary
mesh. A
performe
CFD sol
influence
characte

Fig. 7. D

The fina
possible 
terms of 
phase ap
Eulerian
to over
whereas 
separatio

tenegro et al. /JA

Fig. 6. Two-p

D Stokes’ me
tion length, prov
m error obtaine

of this discrepanc
ory approximate
component of 
n is uniformly di
obviously not rea
that in the midd
causing an incre
w the separa
ion of the veloci
ns, the case be
sulting in a sep
y the 1D theory.  

ving validated th
a real slug catche
clined downcom

geometry perm
lvers, comparin

xperimental in
mer is 4 m lon
The finger is inc
ith a diameter o
n chosen after a
ric fraction dis
nsidering these 

ed using the mes
nFOAM, namel
nerator creates a
tarting from a 
representation o

Furthermore, 
y layers have 

Also in this case 
ed, in order to
lvers. The atten
e of the mesh a
ristics. 

Downcomer + f
mesh

al results are s
to see, in this c

f liquid volumetr
pproximation is 

n-Eulerian appro
estimate the to

the two-phas
on in agreem

AFM, Vol. 9, Sp

hases approach

ethod underest
viding a value of 
ed is about 40%
cy is due to the 
es the flow as 

the velocity i
istributed over th
alistic and theref

dle on the pipe th
ease of the lengt
ation. Imposin
ity and setting sl
ecomes equivale
paration length c

he two approach
er, composed of 

mer has been con
mits to test the b
ng the results ob
ndustrial stand
ng, with a diam
clined by 1.15°, 
of 48 inches. Th
a sensitivity ana
stribution. The 

two parameter
sh cartesian me
ly snappy Hex
a high quality, he

background m
of the geometry 

surface refin
been included 
several test sim
 further optimi

ntion has been p
and the boundar

finger geometry
h detail. 
shown in Fig. 
case the results 
ric fraction, usin

not in agreeme
oach. In particul
otal length of 

se simulation c
ment with the

pecial Issue 1, pp

6

 
h. 

timates the 
f 9.68 m. The 
%. The main 

fact that the 
a 1D flow, 

in the axis 
he flow area. 
fore does not 
he velocity is 
th necessary 

ng uniform 
lip boundary 
ent to a 1D 
close to one 

hes, a simple 
f a finger and 
sidered (Fig. 
behaviour of 
btained with 
dards. The 
meter of 30 
and is 40 m 

he mesh size 
alysis on the 

calculation 
rs, has been 
sh generator 

xMesh. This 
ex-dominant 

mesh and a 
that will be 

nement and 
in the final 

mulations are 
ize both the 
posed on the 
ry condition 

 
y and final 

8. As it is 
obtained, in 

ng the single-
ent with the 
lar, it seems 

f separation, 
computes a 
e industrial 

p. 1-9, 2016.  

 

experimental d

An analysis o
orthogonal to 
a lifting effect
the rotational 
geometry distu
droplets, mod
by this flow 
separation len

 

Fig. 8. a) Sin

 

Fig. 9. Ro
 

The solver do
deposited on 
dragged in the
reason, a coal
to simulate th
collected at t
this lifting eff
threshold valu
above which
generating par
implemented 
is completely
merging phen

F

database.  

of the velocity v
the main flux re
t at the end of t
flow caused by

urbs the depositi
delled as spheric

causing the o
gth. This effect i

ngle-phase thres
phase threshold

otational flow in

es not take into 
the bottom of

e same way of si
lescence model 
he real behaviou
the bottom of t
fect. The idea in
ue of the volum

h the droplets 
rticles with large
individuates the

y full of spher
omena (Fig. 10)

Fig. 10. α limit c

vector in the dir
evealed the prese
the downcomer, 
y the variation 
ion process. The
cal particles, are
overestimation 
is shown in Fig. 

shold filter; b) T
d filter. 

 
nside the finger

account that the
f the pipe cann
ingle droplets. F
has been implem

ur of the liquid a
the geometry, li
n this case is to 
me fraction of 

start to agg
er diameter. The 
 αlim value when

rical particles w
). 

condition. 

rection 
ence of 
where 
of the 

e liquid 
e lifted 
of the 
9. 

 
Two-

r. 

e liquid 
not be 

For this 
mented 
already 
imiting 
find a 
liquid, 

gregate, 
model 

n a cell 
without 

 



G
 

 

T
d
A
w
d
d
e
m
a
c
b
H
a
t

 
T
i
e
a
T
a
a
a

 

M
r
p
d

E
i
f
(

T
s
r
c
s
f

A
b
t

G. Montenegro e

The model ma
droplet diamete
After this point
with an exponen
diameter of the
diameter achiev
equivalent lengt
modified single
achieved with th
confirms the imp
be achieved in
However, the 
assumption mad
to interpolate the

Fig. 11. a) S
threshold filte

The final compa
illustrates a su
experimental pr
approach compa
This compariso
achieved with 
adopted in the 
account 3D effec

Table 1 Compa
 Expe

al ap
Lsep[m] 1

Moreover, it is
reduction of tim
phase approach 
dynamics, is aro

5. CONC

Every simulation
is performed w
facility consider
(Fig. 12). 

The 3D model 
symmetry of the
reported in Fi
considering the 
simulations, and
finger configurat

A single phase 
been performed 
to receive and 

et al. /JAFM, V

intains constant
r until the alph
t, the particle d
ntial fit, which in
e liquid sphere 
vable, or in oth
th. The result 

e-phase solver 
he two-phase so
provement in the

ntroducing the 
result is co

de to define the 
e values of the m

Single-phase coa
er; b) Two-phas

arison with the 
ubstantial unde
rocedure and o
ared to the CFD
on reveals the 

the main typi
industry which 
cts. 

arison of the dif
eriment
pproach 

1
Sto

0.06 11

 
s important to 
me achieved usi
to the study of 
und the 25 

CLUSION 

n presented in t
with simplified. 
red is a real fing

can be simpli
e device. The fin
ig. 13. The m
results of the p

d in particular th
tion. 

simulation of th
to assess the cap
to distribute h

ol. 9, Special Iss

t the value of 
ha limit is reac
diameter is obta
nterpolates the in

and the maxim
her words the 
obtained using 
similar to the 

olver (Fig. 11). 
e prediction that
coalescence mo

onditioned by 
limit level of α 

maximum diamet

alescence model
se threshold filt

industrial stand
restimation of 
of the 1D Sto
D analysis (Tab

lack of accu
cal process de
does not take 

fferent approac
D 

okes 
CFD

approa
.29 13.00

highlight that 
ing the new sin
the multiphase f

the previous sec
In this section,

ger type slug cat

ified exploiting 
nal 3D model use
mesh is gener
previous prelimi
he downcomer 

he slug catcher
pacity of the fac
homogeneously 

sue 1, pp. 1-9, 20

7 

f the 
ched. 
ained 
nitial 
mum 

cell 
the 
one 

This 
t can 
odel. 

the 
and 

ter. 

 
l 
er. 

dards 
the 

okes’ 
. 1). 

uracy 
esign 

into 

ches 
D 
ach 
0 

the 
ngle-
flow 

ction 
, the 
tcher 

the 
ed is 
rated 
nary 
plus 

r has 
cility 

the 

incom
solver
equati

Fig. 1

 
The fl
gas.  T
implem
flow a
state 
consid
steady
14. 

The F
the flu
veloci
have 
distrib
across
to eva
finger
usual 

016.  

ming flow. For 
r, without cons
ion of the volum

2. a) Slug catch

Fig. 13. Sim

low is assumed t
The solver used
mented in Ope
and exploits the 

problems. Th
dering a turbule
y state condition

Fig. 14. Ga

Fig shows an acc
uid distribution, 
ity field obtained

a clearer un
bution, the volum
s general planes 
aluate how the 
s. This is imp
procedure is to 

this purpose a
sidering the sc

metric fraction, ha

her finger-type 3
 
 

mplified 3D mo

to be completely
d for this simula
enFOAM, for i
SIMPLE algorit
e simulation 
nt incompressib

ns. The result is 

as flow distribut
 

ceptable level o
which can be o

d inside the pip
nderstanding o
metric flow hav

defined by the 
flow is distribu

portant informat
assume a unifor

a single phase 
calar transport 
ave been used. 

3D model. 

 
del. 

y composed by 
ation is already 
incompressible 
thm for steady 
is performed 

ble flow and a 
shown in Fig. 

 
tion. 

of symmetry in 
observed in the 
es. In order to 

on the flow 
ve been probed 

user allowing 
uted along the 
tion since the 
rm distribution 



G. Mont
 

 

of the ga

Tabl

 
As it is p
the slug
homogen
Having 
it is now
simulatio
olver (F
16). The
μm, in 
extractio
 

 

The a
approxim
consider
catcher 
approxim
the co
accuracy
pipes co
confirmi
assumpt
to 99%
complete
result is 
by the 
field and

tenegro et al. /JA

as flow over all t

le 2Percentage 
differ

 
Splitter 1 
Splitter 2 

Downcomer 1 
Downcomer 2 
Downcomer 3 
Downcomer 4 
Downcomer 5 
Downcomer 6 

possible to see (T
g catcher seem
nously the inco
evaluated the flu

w possible to pr
on using the s

Fig. 15) and the
e average partic
agreement with

on site. 

Fig. 15. Single

Fig. 16. Two p

assumption o
mates the real
ring that the p

is limited, 
mately equal, to
ompressibility 
y. Moreover, the
orrespond to lo
ing the validity 
tion.  As it is pos
 of separation 
e segregation o
in agreement to
monitoring syst
d with the indus

AFM, Vol. 9, Sp

the fingers. 

of the total flow
rent pipes 

Q [
51.1
48.8
14.7
15.1
20.1
20.1
15.1
14.7

Tab. 2), the curr
ms to gather an
oming flow fro
uid dynamics of
roceed with the 
single phase ap

e multiphase app
cle diameter is 
h the specificat

 phase simulati

phases simulatio

of incompress
 flow characte
ressure drop al
the expansion

 one. This allow
without losin

e flow velocitie
ow Mach numb
of the incompr

ssible to see the t
efficiency, hig

f the dispersed 
o the run time da
tem positioned 
strial standards 

pecial Issue 1, pp

8

ws in the 

[%] 
16% 
84% 
76% 
10% 
12% 
14% 
11% 
77% 

ent layout of 
nd distribute 
m the well. 
f the device, 
multi-phase 

pproximated 
proach (Fig. 
set to 1000 

tions of the 

 
ion. 

 
on. 

sible flow 
eristics, but 
long a slug 
n ratio is 
ws to neglect 
ng solution 
es inside the 
bers (<0.3), 

ressible flow 
threshold set 
ghlights the 
phase. This 

ata collected 
on the real 
used for the 

p. 1-9, 2016.  

 

design and va
fixed oversize
achieved by 
affected by 
experimental 
dispersed phas

 

Fig. 17.
 
The final synt
and solutions
combined in a
procedure ab
lightness achie
solver and the
two-phase app
off, between 
simulation tim
and technicall
approach in th

The procedure
starts from 
standard and 
presented prev
steady state ap
accurate distr
catcher. The r
used as initial
application, r
simulation. 

5. CON

In this work
design and ra
have been 
applications 
standard resu
differences ar
flow simulatio
semi-empirica
slug catcher 
better unders

alidation proced
e margin of 20%

the experiment
a too high un
correlation that 
se particle diame

. Design evalua

thesis of all the m
s reported in t
a general design
ble to combin
eved with the sin
e high level of a
plication. In this

accuracy and 
me, is reached, 
ly feasible the a
he Oil and Gas se

e (Fig. 17) is an
the current ex
consequently a

viously in the re
pproach is used

ribution of the p
results obtained
l condition for th
reducing the ti

NCLUSION 

k, a CFD appro
ating has been s

demonstrated 
and comparis

ults. It has be
re mainly relat
on nature itself i
al approach gene
facilities. This 

standing of sy

dure augmented 
%. Moreover the
tal process des

ncertainty, due 
does not consid

eter.  

tion procedure.

models, conside
the previous p
n evaluation val
ne the comput
ngle-phase stead
accuracy typical
 way the perfect
reduction of re
making econom

application of th
ector. 

n iterative proce
xperimental ind
applies the CFD
eport. The single
d to obtain a qui
phases inside th

d in this way ar
he two-phase un
ime required f

oach on slug c
studied. Main b

throughout 
sons with ind
een pointed ou
ted to the mult
instead of empir
erally applied to 

inevitably lead
ystem behavio

with a 
e result 
sign is 
to the 
der the 

 
. 

erations 
arts is 
idation 
tational 
dy state 
l of the 
t trade-
equired 
mically 
he CFD 

ess that 
dustrial 
D tools 
e-phase 
ick and 
he slug 
re then 
nsteady 
for the 

catcher 
benefits 

model 
dustrial 
ut that 
tiphase 
rical or 
design 

d to a 
or and 



G. Montenegro et al. /JAFM, Vol. 9, Special Issue 1, pp. 1-9, 2016.  
 

9 
 

separation mechanism, allowing both to improve 
design and better handle change in operating 
conditions. The latter can be easily translated in the 
ability to support facilities management and 
operation problem solving.  

On the other side it has to be mentioned that CFD 
simulations are time consuming operations. As a 
consequence a trade-off between calculation efforts 
and result accuracy has to be achieved.  

In the present paper, the single-phase steady state 
application has been recognized as the best 
compromise among the aforementioned parameters. 
Main focus points are on the coalescence 
mechanism of the liquid particle and on the average 
droplet diameter, individuated as the most critical 
parameters responsible for reliable and consistent 
results.  

This activity has allowed the evaluation of a new 
workflow for slug catcher design, allowing to 
enhance a standard procedure which in the past has 
always been based on empirical correlations.  
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