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Abstract: The conventional equations for describing the
flow characteristics of the mixtures merely consider fluid
that is homogenic, if it is above the bubble point condi-
tions but ignore that a system containing sub-micron sized
gas or vapor bubbles distributed throughout the volume of
the liquid, which can exhibit unexpected heterogenic and
complex phase properties. In this paper, a new mathemat-
ical model for the flowing gas-liquid mixture is presented,
which has been proposed considering the colloidal feature
of the system above the saturation or bubble point pres-
sure. This approach ismore in linewith the actual dynamic
performance of the oil and gas mixture export pipeline.
Experimental data, simulations and field case studies val-
idate the new proposed mathematical model of flow char-
acteristics in pipeline. The obtained results confirmed that
the calculated data are in good agreement with the experi-
mental data. Based on Azerbaijan oil-gas-condensate field
“Guneshli” data, this new model was used for calculat-
ing the condition in which the transformation of the flow
characteristics from stable into instable is occurred. It has
been discovered that the flow becomes unstable at a pres-
sure about 30% higher than Bubble Point Pressure, which
causes pulsation effect in the pipeline structure. However,
homogenic behavior should be observed in this hydrody-
namic condition. Also, the model provides a guideline on
how to optimize the flow rate by adjusting the pipeline pa-
rameters to minimize the flow resistance, liquid slugging
andhydraulic hammering effects,which cause instable op-
eration.
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1 Introduction
Multiphase flow is found in many places of petroleum in-
dustry. It occurs in the reservoirs, oil and gaswells, fluid ex-
port systems, refineries and petrochemical activities [6, 7,
17]. Predicting reservoir and pipe or flowlines performance
and economy requires accurate modelling of the hydrody-
namics of this process [2, 4, 11]. Mathematical modelling
is commonly used for resolving this flow characteristics
and associated issues [8, 28, 29]. However, it is quite com-
plex process and difficult to develop a reliable model for
predicting the occurrences correctly [19, 30]. That is rea-
son, experimental determinations and empirical correla-
tions are applied to improve the reliability of the thermo-
dynamic and hydrodynamic aspects of the mathematical
models [3, 9, 23].

If phase transformation happens during exporting the
multicomponentmixture, it causes instable-slugging oper-
ation due to flowing different type of medium at the same
cross section of the pipe. Many negative consequences re-
lated to the severe slugging flow exist there. Thus, lots
of investments and effort have been put into reducing or
eliminating the severe slug [15, 20]. The paper [20] re-
views in details the state-of-the-art related to analysis, de-
tection, dynamical modeling and elimination of the slug
within the offshore oil and gas exploration and production
processes. The effects of empirical correlations of friction
factors on the numerical stability and parameters predic-
tions in stratified gas-liquid pipelines flow was studied us-
ing the two-fluid modeling the paper [10], where unequal
phase pressure effects were considered. The main objec-
tive of the study [25] was to achieve a comprehensive in-
tegrated two-phase/single-phase hydrodynamicmodel for
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gas-condensate flows through transmission pipelines un-
der industrial operating conditions. For liquid filmholdup,
Grolman and Fortuin model and Taitel and Duckler ap-
proaches were employed for uphill and downhill two-
phase flows, respectively. Then 160 different field data
were applied tomake the required corrections to themodel
including the development of two new correlations for
both liquid–gas and liquid–wall friction factors.

A slow transient was simulated using Godunov nu-
merical scheme to solve the model equations in the pa-
per [26]. The results proved that including the inertia term
in the momentum equation makes the model more realis-
tic. In the paper [5] a slug flow load model was proposed
to simulate the oscillations induced by the internal flow
on pipelines conveying liquid and gas mixtures. The inter-
nal flow loads imposed on the pipelineswere deduced and
implemented in a 3D simulator of pipelines structural dy-
namics. In order to evaluate the resonance effect caused
by internal two-phase flow, a dynamic model capable of
describing axial, bending vibrations and fluid-structure
interaction was formulated using finite element method,
where the void fractions of the two-phase flow were pre-
dicted by empirical correlations [27].

Generally, the analysis of the present-day studies on
the flow of the multicomponent systems in the pipelines
show that most of them examined the processes occur in
regions below bubble point (BPP) or dew point pressure
(DPP), because phase transformation takes place in this
zone. In accordance with these papers the multicompo-
nent mixtures above or close to the BPP/DPP were con-
sidered as the homogeneous media, as usually the system
is still identified in a single-phase condition [2, 18]. How-
ever, some of the studies [1, 12] have shown that the mul-
ticomponent systems can display structural inhomogene-
ity due to the formation of micro-embryos of liquid phase
in gas medium or sub-micron sized vapor bubbles in the
liquid phase when it is close to the phase transformation
state. The paper [24] presents the experimental studies of
the phase behavior and the viscosity of the oil at differ-
ent pressures. It was observed that the viscosity rapidly de-
creased at the pressure range 1-1.14 times above the BPP. In
the papers [13, 22] it is found that a system containing gas
or vapor sub-micron sized bubbles distributed through-
out the volume of the liquid, can exhibit non-equilibrium
phase properties. This circumstance can be expected to
contribute to significant changes in hydraulic characteris-
tics and trigger unstable operation, which causes various
complications and additional costswhen transporting gas-
liquid mixture.

This literature survey concluded fundamental find-
ings, which should be considered for further learning and

understanding the occurrences in pipeline, when flow-
ing complex system is in above the BPP condition. Con-
sidering the given details, in this paper, an attempt has
beenmade to concept an effectivemathematical model for
the flow of multicomponent or gas-saturated systems in a
pipeline in the vicinity and presence of phase transforma-
tions.

2 Fundamentals of multicomponent
hydrocarbon systems and some
important aspects of flow
characteristics in the pipeline

2.1 About the features of the phase
envelope for multicomponent
hydrocarbon system

Natural hydrocarbon fluids contain many components
therefore, phase-composition data can no longer be rep-
resented with multi coordinates. Instead, phase diagrams
that give more limited information are used. Figure 1 illus-
tratively shows a pressure-temperature phase diagram for
a multicomponent mixture which can be representative of
systems flowing in the pipelines.

Figure 1: Pressure-temperature phase envelope for multicomponent
mixture

In general, the phase diagram consists of two sec-
tions which are left and right-hand sides of system critical
point (C). (C) is the temperature and pressure at which the
phase compositions and all phase properties are identical.
(CDp) line holds dew point pressures (DPP) and tempera-
tures and (CBp) line presents the gas saturated pressure
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(BPP) and temperatures. At temperatures greater than the
cricondentherm (Ct), which is the maximum temperature
for the mixture of two phases, only one phase occurs at
any pressure. At pressure greater than the cricondenbar
(Cb), which is the maximum pressure for the mixture of
two phases, only one phase occurs at any temperature, but
it could be liquid or gas depending on whether the tem-
perature is below or above the critical temperature. Fig-
ure 1 shows the phase change of amulticomponent system
in which the temperature is between the critical temper-
ature and the cricondentherm, and the pressure is larger
than the DPP. During the flow in pipeline, the temperature
can remain constant. As the pipeline pressure declines,
shown as vertical line G(G+L) in Figure 1, it goes through
the upper dew point from point G (gas) at the pipeline tem-
perature and liquid begins to precipitate out of the gas
phase.Decreasing pressure causes liquid to appear in the
pipelinewhen theDPP is reached. As the pressure declines
further, the saturation of liquid increases (point G+L) be-
cause of retrograde condensation.

Also, Figure 1 shows the phase change of a multicom-
ponent system in which the temperature is below the crit-
ical point, and the pressure is larger than the BPP. As the
pipeline pressure declines in isothermal condition, shown
as vertical line L(L+G) in Figure 1, it goes through the bub-
ble point from point L (liquid) at the pipeline temperature
and gas begins to separate out of the liquid phase. Decreas-
ing pressure causes gas to appear in the pipeline when the
BPP is reached. As the pressure declines further, the two-
phase flow occurs because of liquid and gas separation
(point L+G). This condition is sometimes called undersatu-
rated because the fraction of light components present in
the liquid is low for a gas phase to format that temperature
and pressure. The appearance of themuchmore compress-
ible vapor phase reduces the rate of pressure decline. The
volume of vapor present in the pipeline grows rapidly with
reduction of pressure below the bubble point.

It is known that if any one of the leading thermody-
namic parameters changes, the given systemmoves to the
next state. If this change results in a phase transition, then
at first, micro embryos of the new phase appear and then
slowly grow according to the leading parameter. Micro-
scopic particles of one phase dispersed in another are gen-
erally called colloidal solutions or dispersions [21]. Multi-
component hydrocarbon systems are also known as col-
loidal dispersions when it’s close to the phase transition
state because some components remain in dispersed con-
dition however, thermodynamic and hydrodynamic fea-
tures of the mixture significantly change [1]. A common
method of classifying colloids is based on the phase of the
dispersed substance and inwhat phase it is dispersed. The

types of colloids include sol, emulsion, foam, and aerosol
[21]. Aerosol contains small particles of liquid or solid dis-
persed in a gas. In multicomponent hydrocarbon systems,
it happenswhenpressure is close to the retrograde conden-
sation or upper DPP (see Figure 1, line-G(G+L)). Foam is
formed when many gas particles are trapped in a liquid or
solid. For natural hydrocarbon mixture, it happens when
the system is near the BPP (see Figure 1, line-L(L+G)).

2.2 Phase envelope for multicomponent
hydrocarbon system flowing in the
pipeline

It is assumed that the gas saturated liquid is flowing in the
pipe (see Figure 2) with a diameter (d), and with length (l).
The gas ratio of the flowing fluid (dissolved gas per liquid
volume) is (β). The pressure at the inlet much higher than
the formation of gas phase embryos ormicro sized bubbles
pressure (Pmsb) but the pressure is on other end of pipe
(Pout) or at the outlet is below the BPP or saturation pres-
sure (PK).

Figure 2: Different flow characteristics of multicomponent systems
in the pipeline

In order to assess the hydraulic and hydrodynamic
characteristics of the fluid along the length of the pipeline,
taking into account the phase transformations, three
zones or pipe sections can be distinguished (Figure 2). In
the first zone (0 < x < l1) where Pin > Pmsb, the flow is
considered homogeneous. It is assumed that at the end of
this section the pressure of the Pmsb is reached or micro-
embryos of the gas phase (micro sized bubbles) begin to
appear, and these tiny bubbles start influencing on flow
features. Then, the concentration of the gas bubbles be-
gins to grow intensively with a further drop of pressure in
the second section. For this section (l1 < x < l2) of the
pipeline, it can be accepted that the viscosity of the system
is a function of gas concentration and can be expressed
accordance to A. Einstein equation. As a final point, the
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third section of the pipeline is assumed to be a region of
a two-phase flow, in which (l2 < x < l) according to the
generally accepted judgment, the system starts moving to
two-phase flow regime as the pressure drops to BPP (Pbp)
level (P = Pbp) at the point of l2. Free gas separation from
the liquid occurs and depending on the thermodynamic
conditions the variation of gas-liquid flow structure could
take place.

As it is seen the unique phase behavior of the
natural oil and gas mixture typically causes a non-
equilibrium thermodynamic two-phase flow in the trans-
mission pipeline, in which the liquid and vapor phases
have different characteristics at the same cross section of
the pipe. In the paper [14], to describe this two-phase flow,
a one-dimensional two-fluid model considering the fluid
compressibility and viscosity was built based on the gen-
eral mass, momentum and energy conservation equations
for each phase. To select its appropriate solution method
in the work [14], the mathematical characteristic of the
model was studied using the eigenvalue analysis method.
The results demonstrated that its mathematical character-
istic is primarily dependent on the void fraction, densities
and flow velocities of the liquid and vapor phases. The
two-fluidmodel is hyperbolic andwell-posedwhen the liq-
uid flow velocity is equal to the vapor flow velocity, the
two-phase flow reduces to a single-phase flow, or the dif-
ference between the liquid velocity and the vapor velocity
is greater than the mixture sound speed. Otherwise, the
model is non-hyperbolic and ill-posed.Additionally, the re-
sults indicated that the numerical solutionmethods of the
adiabatic two-fluidmodel could be potentially extended to
solve the non-equilibrium two-fluid model for the natural
gas liquid pipe flow. This approach solves and describes
some of the hydrodynamic aspects of the flow, but the situ-
ation changes significantly if flowingmulticomponent sys-
tem contains light gas components solved in the heavy hy-
drocarbons. In this case, difficult to identify the critical
points where single-phase transfers into multiphase state.
Our approach below is different as we try to describe the
occurrences in the flowing multicomponent fluid in the
pipeline if dissolved gas components exist in the system
in micro sized bubbles condition.

3 Mathematical modeling the flow
of multicomponent system
including the condition is close
to bubble point

3.1 Mathematical model for the flow of
gas-saturated systems in a pipe in the
presence of phase transformations

Based on the explanation given in the sections above, the
total pressure lose for the pipeline can be expressed as Eq.
(1). This equationwas originally given in the paper [16] but
it was carefully investigated and improved significantly by
Ismayilov in the work [13]. In accordance with this work
the model is simple and reliable for practical calculations,
which are the main reasons for choosing this equation.

∆P = λ l1d
W2

2ρ′
+ λ (1 + 𝛾c) l2−l1d

W2

2ρ′
+ λ l−l2d

W2

2ρ′
1 (1)

+ ϕx
[︂
1 + ϕx

[︂
ρ′
ρ′′ − 1

]︂]︂
where ρ′, ρ′′ are the densities of the liquid and gas phases
respectively, W is the mass flow rate, ϕ is the two-phase
flow parameter, x is the average mass gas content, λ is the
hydraulic resistance coefficient, c is the gas concentration,
𝛾 is a coefficient that depends on the size and shape of the
gas phase embryos or bubbles in the system.

Taking into account the fact that when the pressure in
the systemdecreases, the enthalpy (h) of the gas-saturated
stream changes by the quantity of ∂h∂P

∂P
∂t . It can be detrem-

ined according to the paper [16] if mass flow rate (W), the
length of the first section of the pipe (l1) and no presence
of gas bubbles in the system is known

πd2
4 ρ′l1

∂h
∂P

∂P
∂t (2)

where hmsb, hin the enthalpy of the flow at the pres-
sures (Pmsb) and (Pin) of the pipeline sections, respectively.

Identical approach can be applied to the other two sec-
tions of the pipeline. Considering the thermodynamic con-
ditions, it can be expressed

πd2
4 ρ′(l2 − l1)

∂h
∂P

∂P
∂t = πd

2

4 W
(︀
hbp − hmsb

)︀
(3)

πd2
4 ρ′(1 − β)(l − l2)

∂h
∂P

∂P
∂t = πd

2

4 W(hout − hbp) (4)

where hbp, hout the enthalpy of the system at the BPP (Pbp)
and at the outlet pressure (Pout) of the pipeline, respec-
tively.



210 | G. G. Ismayilov et al.

Given that the gas content (mass) at the outlet of the
pipeline can be represented as (hout−hbp/r) (where r is the
degassing (separation) energy), then taking into account
(4), for the average value of the mass gas content can be
written

x = 1
2 xout =

ρ′(1 − β)(l − l2)∂h
2Wr

∂h
∂P

∂P
∂t (5)

Where, xout is the free (separated) gas content at the end
of the pipe. Substituting the relations for l1, l2 and x from
Eq. (2), (3) and (4) into Eq. (1) and expressing the mass ve-
locity by using the volumetric flow rate of the system (Q)
and after the simple transformations it can be obtained

∆P = AQ3 + BQ2 + CQ (6)

where

A = 16λρ′[(ρ′/ ρ′′) − 1]
π3d7 ∂h

∂P
∂P
∂t

(7)[︂2𝛾c(hdp − hmsb)
((ρ′/ ρ′′) − 1)

+ ϕ(1 − β)r
(︀
hbp − hout)

)︀2]︂
B = 8λlρ′

π2d5

[︂
1 − ϕ (1 − β)

r [ (ρ′/ ρ′′)](hbp − hout)
]︂

C = λϕ(1 − β)ρ
′[ (ρ′/ ρ′′) − 1]l2
πd3r

∂h
∂P

∂P
∂t

This equation provided us with a greater understand-
ing of the flow characteristics at the various sections of the
pipelines which is going to be discussed in next sections.

3.2 Results and discussions

As it is seen from equation (6), the correlation between ∆P
and Q is expressed by the third-degree equation. An anal-
ysis of this model shows that the flow characteristic could
be stable along the pipe length if the equation (6) had one
real and two complex roots. Also, thismodel indicates that,
the frictional pressure loss could theoretically be the same
even at three different flow rates. In this case, this kind of
an unstable flow characteristic should have two extremes
and the flow rate of the system corresponding to that can
be determined from equation below

d∆P
dQ = 3AQ2 + 2BQ + C = 0 (8)

Obviously, having the presence of a stable character-
istic, Eq. (8) should not have real roots, which is possible
if B2 < 3AC has been determined from Eq. (7) taking into
account that hbp → hmsb. That means the second and the
third sections of the pipeline (Figure 2) are combined and
it is assumed that the phase transformation in the system

occurs with the formation of the micro sized gas bubbles
in the system. If one substitutes the relations for A, B and
C from the equation (7) into the condition B2 < 3AC and
carries out the simple transformations, one more agree-
ment for the stability of the characteristic can be obtained,
which is

0, 54[(l1/ l2) − 1]
(ρ′/ρ′′) − 1

< ϕxout <
7, 46[(l/ l1) − 1]

(ρ′/ρ′′) − 1
(9)

Based on these provided equations the criteria could
be determined to control the flow in the pipelines and iden-
tify the conditions for optimizing the pressure loss during
the exporting multicomponent hydrocarbon or liquid-gas
mixed systems.

3.3 Validation the reliability of provided
mathematical model by experimental,
simulation and field cases

3.3.1 Experimental validation and simulation case

Special experimental module was constructed for investi-
gation the hydrodynamic and thermodynamic character-
istics of the flowing multicomponent system in the pipe
and in different regime. This module consists of pipe with
5.6 m length and 0.016 m in diameter. The module is
also, equipped with pump, gas compressors, temperature,
flow and pressure controllers, oil reservoirs, gas accumu-
lators and other instrument devises for precise control of
processes and measurements. Beside that overpressure,
overtemperature and overfilling protection devices were
constructed for safe operations. As multicomponent sys-
tem, crude oil and natural gas (field “Guneshli” in Azerbai-
jan)wasused. These sampleswere collected fromfiled sep-
arator liquid and gas outlet lines accordingly. Experimen-
tal procedure and experimental scheme were described in
[12]. Oil (viscosity: 0.022 Pa×s; density: 866 kg/m3) and nat-
ural gas (density: 0.7203 kg/m3)weremixed in the separate
high pressure vessel at the inlet of the pipe under stable
temperature and high pressure (1.5 times above DPP) en-
suring singly phase state was achieved. All experiments
were carried out in isothermal condition to eliminate tem-
perature impact on the process.

During experiments the relationship of multicompo-
nent system flow rate between sumdifferential pressure or
pressure loss across the pipe length has been calculated.
Calculations were carried out according to the Eq. (6) but
for gas-liquid compositions and experimental datawere re-
ferred to work [13, 22]. The obtained results confirmed that
the calculated data is in good agreement with the experi-
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mental data (average tolerance has not exceeded 3%). Us-
ing this data of the gas-liquid systems identified the val-
ues of the coefficients A, B, C (eq. (8)) as a function of the
gas contentwhichwere presented in Figure 3. As seen from
Figure 3 the stable and unstable zones of the flow charac-
teristics can be easily recognized and also, it presents that
the given system flow features can be forecasted using this
model.

According to the Eq. (9) the regions of stability and in-
stability of flow characteristics of gas-liquid systems were
designed depending on the different values of the param-
eters l1/ l2 and ρ′/ ρ′′ and are shown in Figure 4.

As seen in Figure 4, the appearance of instability flow
profile in the system can be observed in either conditions,
at large or at sufficiently small amount of themass content
of the gas and in between them. In this case, if the condi-
tion (9) is met by adjusting the flow rate (Q) or (complex

Figure 3: The flow characteristics of the flowing complex gas-liquid
system base on given mathematical model

Figure 4: Boundary conditions for stable flow characteristics (1, 2, 3
and 4 lines indicate upper limits. 1’, 2’, 3’ and 4’ lines indicate lower
limits)

ϕxout) and choosing (l1/l2) in accordance with the pres-
sure variation along the length of the pipeline, the insta-
bility of the hydraulic characteristics can be avoided.

The results of this research were obtained from theo-
retical andexperimental investigations thus thesefindings
require confirmation in real oil-gas export flow line condi-
tions.

3.3.2 Field case

As oil and gas field development moves further into deep
seas,maximizing hydrocarbon extraction at an acceptable
cost and in safe operations mode are the greatest chal-
lenges facing the industry today. In this regard, consider-
able attentionhasbeengiven tounderstanding theflowbe-
havior in long and deep flow line risers of different topolo-
gies through transientmultiphase simulation [2].With this
inmind,weused analysis of the performance of several oil-
gas export flow lines from Azerbaijan oil-gas-condensate
field “Guneshli”. This offshore field has been in operation
since 1977. Deep Offshore Installations (DOI)- platforms
were built to exploit multiple wells. Some of the high-
pressure wells directly (naturally) flowing to the export
pipeline but low-pressure wells flow to the bulk separator
for initial separation then oil is pumped to export.

As an example, in field case, oil and gas mixture
export line between DOI-5 and DOI-2 analysis are pre-
sented in Figure 5. Statistics indicated that this pipeline
expressed vibration, damaged pipe supports and brackets
many times due to unexpected movements.

The reservoir fluid andpipeline properties for this case
are presented in Table 1 and Figure 5. Based on this data,

Figure 5: Flow characteristics of oil-gas mixture export pipeline
from platform DOI-5 to DOI-2 on Guneshli oil-gas-condensate field
(Azerbaijan)
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Table 1: Some additional information for field case

Parameters Pipeline
diameter, m

Oil flow
rate,
m3/s

Gas flow
rate,
m3/s

Oil density,
kg/m3

Gas
density,
kg/m3

T,
K

Pin,
MPa

P03,
MPa

PH ,
MPa

Pout,
MPa

Values 0.3 0.0153 10.254 865 0.857 283 1.65 1.27 0.96 0.81

Eqs. (6) and (9) were used for calculating the conditions
in which transformation from stable to instable flow char-
acteristics occurred. It was discovered that the flow transit
to unstable condition at a pressure about 30% higher than
BPP caused pulsation and hammering effect. It means, if
micro size gas bubbles appear in the system it significantly
impacts on flow characteristics even laminar flow regime
should be expected as per traditional calculations. The ob-
tained results, also, helped to optimize the flow character-
istic (see Figure 4) by adjusting the differential pressure.
The flow resistance and pipeline vibrations reduced ac-
cordingly. Also, the pressure pulsation (amplitude) at the
DOI-5 reduced from 0.57 MPa to 0.23 MPa and stabilised
significantly.

Furthermore, the analyses and outcomes confirmed
that the phenomenon (micro embryo condition of new
phase) can cause unstable operation during exporting the
hydrocarbon composition mixture resulting from a combi-
nation of different factors, including fluid phase proper-
ties, nature of compositions, thermobaric conditions, flow
characteristicsand differential pressure between the ex-
port stations and pipeline parameters. If these factors are
not analysed correctly at the beginning of field develop-
ment and construction field, performance may suffer.

4 Conclusion
When the multicomponent mixture is in the region of sat-
uration pressure and higher, the non-linear dependences
and, in some cases, no monotonic appearances are ob-
served on the flow characteristics. This circumstance can
be expected to contribute to significant changes in ther-
modynamic and hydrodynamic characteristics, increasing
differential pressure and triggering unstable operations
which are often the cause of various complications and
additional costs when transporting gas-liquid mixture. In
this paper, a new mathematical model for the flowing gas-
liquid mixture has been proposed considering the high-
lighted aspects.

Presented new equation provides a greater under-
standing of the flow behaviour at the various sections of

the pipeline. These pipeline sections were selected in or-
der to assess the system flow characteristics when it is in
purely liquid, foam (micro gas or vapour bubbles within
the liquid) and two phases (free liquid and gas) conditions.
According to this model, the phase transformation in the
system occurs with the formation of the micro sized gas
bubbles in the system. It was identified that, the correla-
tion between sum pressure loss and flow rate across the
pipeline can be expressed by the third-degree equation.
An analysis of this model showed that the flow character-
istics could be stable along the pipe length if the equation
had one real and two complex roots only.

Experimental data, simulation and field cases stud-
ies validate the new proposedmathematical model of flow
characteristics in pipeline. The obtained results confirmed
that the calculated data are in good agreement with the ex-
perimental data. Based on Azerbaijan oil-gas-condensate
field “Guneshli” data, this new model was used for calcu-
lating the conditions in which transformation from stable
to instable flow characteristics occur. It has been discov-
ered that the flow becomes unstable at a pressure about
30% higher than bubble point pressure, which causes
pulsation effect in the pipeline structure. However, ho-
mogenic behaviour should be observed in this hydrody-
namic condition.Also, themodel provides a guidelinehow
to optimize the flow rate by adjusting the pipeline param-
eters to minimize the flow resistance, liquid slugging and
hydraulic hammering effects which cause instable opera-
tion.
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