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Abstract

Based on hydromechanics of homogenous fluid and gas, a new model of two- phase
systems movement of fluid-gas type in horizontal tubes is suggested and the major calculation
formula for the complicated development. This method enables us to define the main
parameters of the complicated pipelines considering the physical properties of two- phase
systems. The equation of two-phase systems movement in simple and complicated pipelines,
allowing recommending using this approach in field experience is also obtained.

Keywords: complicated pipeline, diameter, shear stress, volumetric fluid gas discharge,
multiple connection.

Received 06.01.2024
Revised 20.09.2024
Accepted 23.09.2024

For citation:

A.N. Gurbanov, 1.Z. Sardarova

[Hydrodynamic Calculations of the Movement of Two Phase Systems in Complex Pipelines]
Herald of the Azerbaijan Engineering Academy, 2024, vol. 16, Ne 3, pp. 40-45 (in English)



Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy
2024, cild 16, M2 3, s. 40-45 2024, vol. 16, Ne 3, pp. 40-45
O.N. Qurbanov, I.Z. Sardarova A.N. Gurbanov, |.Z. Sardarova

Miirakkab boru kamarlarinds ikifazah sistemlarin harakatinin hidrodinamik
hesablamalari

O.N. Qurbanov, I.Z. Sardarova
Azarbaycan Déviat Neft va Sanaye Universiteti (Azadlig pr. 16/21, Baki, AZ1010, Azarbaycan)

Xiilasa

Bircins maye vo gazin hidrodinamik ganunlari asasinda horizontal borularda ikifazali sistemlarin
harakatinin yeni modeli toklif olunmusdur. Bu iisul ikifazali sistemlorin fiziki xassalarini nazars almagla
miirokkab boru kemorlorinin osas parametrlorini miioyyahlosdirmays imkan verir. Moagalods bircins
maye va gaz hidravlik ganunlarina asason ikifazali sistemlarin komords harokati vo miirokkob kamarlarin
hesablanmasi diisturlar1 alinmigdir. Eyni zamanda, ikifazali sistemlorin sade vo miirokkob komoarlordo
harokat tonliyi verilmisdir ki, bu da gostarilon tisulun madon praktikasinda istifadasinoe imkan verir.

Acar sozlar:  miirokkab boru kamari, diametr, toxunma garginliyi, maye va gazin hacm sorfiyyati.

I'mapoauHaMuyecKkuii pacyer ABHKEHHMS IBYX(PA3HBIX CHCTEM B CJI0KHBIX
TpyOOnmpoBoaax
A.H. I'ypoanos, N.3. Capnaposa

Azepbaiiodicanckuli 20cyO0apcmeenHvlil yHugepcumem Hedmu u npomvluiienHocmu (np. Azaonvie, 16/21,
baxy, AZ 1010, Azepbaiioxncan)

AHHOTAUA

Ha ocHoBe 3aKOHOB rHAPOMEXaHUKHA OJHOPOJHOM KUAKOCTH U ra3a MpeljIoxKeHa HOBAsl MOJEINb
JBWOKCHUS JBYX(A3HON CHCTEMBbI THIIA (OKUIKOCTh-Ta3» B TOPHU30HTAIBHBIX TPyOax M IOJIYYCHBI
OCHOBHbBIC pacueTHbIe (OPMYIBI I CIOKHBIX TPYyOOIPOBOJIOB, JAIOLIUE BO3MOXKHOCTH OIPEICIIUTh
OCHOBHBIE TIApPAMETPHI CIOXKHBIX TPYOOIIPOBOJIOB C yUETOM (PU3NIECKHX CBOWCTB JBYX(A3HBIX CHCTEM.
[TonydeHo ypaBHeHWE NBMKCHHS JABYX(a3HOW CHUCTEMBI B IMPOCTOM U CJIOKHOM TPYyOOIIPOBOJAAX, YTO
M03BOJISIET PEKOMEHI0BATh UCIIOJIb30BaHUE TAHHON METOJUKU B MPOMBICIIOBOU MPAKTHUKE.

KaioueBble ciioBa:  KacaTelbHOE HANpsDKEHHE CIBHUra, CIOXKHBIH TpyOONpOBOI, MapaiebHOS
COCIMHEHHE, THaMeTp, 00bEMHBII PacXo/l MKHUIKOCTH U Ta3a.
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Introduction

Oil fields in the world are located in
different climatic zones, wells have different
depths and physical and chemical properties of
oil, gas and water, which is the basis for an
individual approach when developing projects
for their development. Practice shows that the
system for collecting and transporting oil, gas
and water is a separate branched network of
pipelines located throughout the territories of
the fields. These are underground,
aboveground, underwater and overwater
pipelines. Taking into account the conditions
of oil field development, pipeline networks are
different for different layers. Thus, for Russian
fields, the total length of all underground
pipelines exceeds more than 30 thousand km.
The geometric dimensions of such pipelines
vary widely from 0.1 to 1.02 m.

Basically, small-diameter  pipelines
(flow lines) are laid from the wellhead to
group metering installations. Fresh water is
transported through large-diameter pipelines
to flood the oil reservoir to maintain reservoir
pressure in them, increasing the oil recovery
factor. The results of the analysis show that all
pipelines transporting single-phase (oil, gas,
fresh or produced water), two-phase (oil and
gas) or multiphase (oil, gas and water) systems
are tested for capacity, i.e. on hydraulic
resistance, as well as on mechanical strength.

Setting the issue

Practice shows that for all work on the
collection, transportation and preparation of
oil, gas and water, a complex field
development project provides for the
placement of main oil field facilities and
communications, the construction of which
consumes about 50% of the capital
investments allocated to the oil industry [1-6].

It is known that pipelines transporting well
products in the territory of oil fields are
divided into the following categories: by
purpose - oil and gas pipelines, oil and gas
pipelines; by the nature of the movement -
with the combined movement of watered and
non-watered oil; by the nature of the pressure -
pressure and non-pressure; by installation
method - underground, aboveground, under-
water and suspended; by function - flow lines,
prefabricated and commodity manifolds;
according to the hydraulic scheme, the work is
simple without branches, complex - with
branches, which include parallel, ring and
closed pipelines.

For these pipelines provided for in a
complex project, hydrodynamic calculations
are  required. Basically, prefabricated
reservoirs transporting gas-liquid mixtures
such as oil and gas must be designed and
calculated taking into account the rate of
drilling of production wells, as well as the
climatic conditions of a given field. Numerous
hydraulic calculations show that the pace of
putting a well into operation influences the
choice of rational diameters of prefabricated
reservoirs.  Thus, at low rates of
commissioning of wells with a small flow rate
in offshore conditions, they should be
designed as two prefabricated collectors, equal
in cross-sectional area to one large one,
designed for the maximum productivity of all
operating wells.

Solution methods

At high rates of well operation, it is
possible to design and build one common
system, i.e. one prefabricated manifold
designed for maximum productivity of all
connected wells. When constructing a
complex pipeline system transporting both
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single-phase and two-phase systems, first of
all, it is necessary to take into account the
location of wells in the field, their initial and
final flow rates, as well as the
physicochemical properties of hydrocarbons
produced from various productive horizons.
Taking into account the location of wells in an
oil field, sea depth, seabed topography and
climate makes it possible to select rational
routes for all pipelines.

Basically, hydraulic calculations are
performed for simple and complex pipelines
transporting both single-phase and multiphase
systems. Hydraulic calculation of a simple
pipeline comes down to determining its
throughput, the required initial pressure and
diameter of the pipeline. Complex pipelines
can have different diameters along the line and
branch.

In the hydraulic calculation of complex
pipelines, four cases that are often
encountered in field conditions are of practical
interest.

1. Dispensing manifold with a constant
diameter for uniform and uneven selection of
hydrocarbons.

2. A collection reservoir having a
constant or different diameter for uniformly or
unevenly flowing fluids.

3. A common collecting manifold
forming parallel pipelines (lupings).

4. General collecting manifold, shaped
like a ring.

In this work, based on the hydraulic
laws of homogeneous liquid and gas, a model
of the movement of a two-phase mixture in a
pipeline is proposed and basic calculation
formulas for complex pipelines are obtained.
It is known that the joint transport of two-
phase hydrocarbon systems through pipelines
is common in the oil and gas industry. The

complexity of the hydrodynamic processes
occurring during the movement of the oil and
gas system, which differ from calculations for
a single-phase flow, is the reason that this
problem has not yet found a satisfactory
solution.

Processing the results of numerous
theoretical and laboratory-experimental works
of classics on hydraulics of multiphase
systems A.l. Guzhov, A.A. Armand, S.l
Kosterin, S.S. Kutateladze, V.A. Mamaev,
K.J. Hogendoorn, G. Wallisy et al. within the
following parameters: Gas frud Fr. =0.15-
3246; Froud liquid Fr = 0.0005-134.12;
Reynolds gas Re: =211-67500; Reynolds
liquid Re; =404-18886 and with pipe diameter
D=0.02-0.05 m for various liquids the
dependence was obtained

T = 15+ 14 + k77, (@))
where 7, - shear stress during movement of a
two-phase system; t,,7, - tangential stresses
of liquid and gas, respectively; k -
experimental parameter.

Laboratory analysis shows that this
experimental parameter depends on the ratio
of liquid and gas densities.

For a water-air system k = \/? = 26,,
)

k= |[L=26+
Pg

33 depending on the physico-chemical
properties of the liquid and gas. A complete
study of this model is given in [4].

Ap. = Ap; + ky[Ap\[dp, )
where Ap. - loss of pressure due to friction
when moving a two-phase  system;
Ap, ; Apg4- accordingly, friction loss during the
movement of homogeneous liquid and gas.

for other liquids
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Taking into  account individual
parameters for liquid and gas, respectively, we
obtain:

Ap, v2 v2 2 2
o= ﬂljpl + Ar%pg + IQMleﬁg %Pg 3)

where 4;; 4, - respectively, coefficients of
hydraulic resistance for homogeneous liquid
and gas; vj;v, - respectively, the reduced
speed of liquid and gas; p;; pg - density of
liquid and gas, respectively; D is the internal
diameter of the pipe; L is the length of the
pipeline.

When calculating the hydrodynamics of
pipelines, the Chezy formula is often used. Let
us accept this equation for homogeneous
liquid and gas

M= 4= €

cf g’
Let us introduce the volume-flow gas
content into this equation:

B =2 ()

vg+v;’

It is known that the reduced speed of
liquid and gas, respectively, can be determined
by the formula:

v, = ¢,VRIland v, = ¢;\/RIg (6)
where Il and Ig are the hydraulic slope for
liquid and gas; R is the hydraulic radius.

Then
ﬁ.ﬂzi.(1+lﬁ.&+kw_ﬂ.&> (7)
pr 4L Clz It px 11 px

Let us denote the expression enclosed in
parentheses by the parameter

A.N. Gurbanov, |.Z. Sardarova
I
A=1+2.224

/’ﬁp_g
I py k Iy pq (8)

This expression makes it possible to
determine the volumetric flow rates of
individual phases. So, for liquid it is

Q=vs= kz\/g 9)

where k;- is the liquid flow characteristic.

Then
h 1
Q=hk |7 & (10)
where h; is the hydraulic pressure of the
liquid.

Often in difficult offshore conditions it
is recommended to build parallel pipelines, for
which

Q =0, +0 (11)

Then, taking into account (10) and (11)
we obtain

_ My 1 My 1
Ql_kl\/:\/A—l-'_\/:\/A—z (12)

Conclusion

As you can see, using this method it is
possible to determine the main parameters for
complex pipelines, taking into account the
physical properties of two-phase systems. This
technique can be applied to other complex
pipelines. Considering the simplicity and
validity of this technique by the laws of
hydromechanics of homogeneous liquid and
gas, it can be recommended for wide use in
field conditions.
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