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Possibility of using pipe separators to separate well products
Możliwość zastosowania separatorów rurowych do oddzielania produktów z odwiertu

Sudaba H. Novruzova, Elmira V. Qadashova, Inglab N. Aliyev

Azerbaijan State Oil and Industry University

ABSTRACT: Analysis of gas collection and gas distribution processes in the technological system of gas-lift exploitation in oil and gas 
production shows that the gas separated from the liquid during gas collection, containing water and hydrocarbons in the form of vapor 
and free liquid droplets, results in the formation of a two-phase flow in gas collection pipelines. This liquid phase introduces additional 
resistance and leads to the formation of hydraulic pulsations. Similar processes also occur in gas distribution pipelines. This is particu-
larly problematic when the product of a gas well is used as a high-pressure gas source, as the formation of a liquid phase and hydrate 
compounds further complicates the exploitation process. Given the above, one of the urgent challenges is the removal of the liquid phase 
formed in gas-gathering and gas-distribution pipelines from inside the pipe without altering the technological parameters. To address 
this issue, the use of a pipe-type separator is proposed. The presented methodology offers a solution by analyzing the separation effect 
of gas-liquid flows in pipelines. Based on this analysis, it is proposed to use a tubular separator constructed from pipe elements, rather 
than conventional separators, for such flows. The authors focused on the proposition of the tubular separator design for two character-
istic liquid quantities, depending on the flow structure, pressure, temperature, speed, and, most importantly, the amount of liquid phase 
present in the flow. A methodology for calculating the dimensions of the separator was developed based on the technological parameters 
of the design. Based on the results, standard diameters of pipe elements are adopted. The proposed methodology provides a basis for 
selecting a separator for removing the liquid phase in oil and gas collection and transportation systems in oil and gas fields in order to 
reduce the negative effect of the liquid phase.
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STRESZCZENIE: Analiza procesów odbioru i dystrybucji gazu w układzie technologicznym eksploatacji sprężonym gazem przy 
wydobyciu ropy naftowej i gazu ziemnego wykazuje, że gaz oddzielony od cieczy podczas odbioru gazu – zawierający wodę i wę-
glowodory w postaci pary i wolnych kropelek cieczy – powoduje powstawanie przepływu dwufazowego w rurociągach odbioru gazu. 
Obecność fazy ciekłej wprowadza dodatkowe opory oraz prowadzi do powstawania pulsacji hydraulicznych. Podobne procesy zachodzą 
również w gazociągach dystrybucyjnych. Jest to szczególnie problematyczne, gdy produkt z odwiertu gazowego jest wykorzystywany 
jako źródło gazu pod wysokim ciśnieniem, ponieważ tworzenie się fazy ciekłej i hydratów dodatkowo komplikuje proces eksploatacji. 
W związku z tym konieczne jest wyeliminowanie fazy ciekłej powstającej w gazociągach zbierających i rozprowadzających gaz z wnę-
trza rury, bez zmiany parametrów technologicznych. W tym celu zaproponowano zastosowanie separatora rurowego. Przedstawiona 
metodologia oferuje rozwiązanie oparte na analizie efektu separacji przepływów gazowo-cieczowych w rurociągach. Na podstawie 
tej analizy zaproponowano zastosowanie separatora rurowego zbudowanego z elementów rurowych zamiast konwencjonalnych 
separatorów dla takich przepływów. Opracowano projekt separatora rurowego dla dwóch charakterystycznych ilości cieczy, w zależ-
ności od struktury przepływu, ciśnienia, temperatury, prędkości oraz, co najważniejsze, ilości fazy ciekłej w przepływającym gazie.  
Opracowano również metodologię obliczania wymiarów separatora w oparciu o parametry technologiczne projektu. Na podstawie 
wyników przyjęto standardowe średnice elementów rurowych. Zaproponowana metodyka stanowi podstawę doboru separatora do usu-
wania fazy ciekłej w systemach odbioru i transportu ropy naftowej i gazu ziemnego na polach naftowych i gazowych, aby ograniczyć 
negatywny efekt obecności fazy ciekłej.

Słowa kluczowe: faza ciekła, separator, transport, system zbierania gazu, ciśnienie robocze, długość rury, natężenie przepływu  
gazu.
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Introduction

In addition to taking into account product losses in gas, 
gas condensate, and oil fields during technological processes 
before delivery to the consumer, it is necessary to pay attention 
to the efficient use of its energy, pressure, or more precisely, to 
its inefficient dissipation. The pressure of the product is con-
sumed not only in lifting it from the well bottom, collecting it 
in the field, and separating it into gas-liquid phases, but also in 
transporting it to onshore facilities, especially in offshore fields. 
Excessive pressure loss occurs mainly due to the two-phase 
nature of the product flows, the formation of a liquid phase in 
gas lines, hydrate formation in pipelines, the precipitation of 
salts and mechanical particles, etc. Long-term observations and 
research suggest that evaluating the gas-liquid phase ratio in 
the flow, locations of formation, and pressure consumption for 
removing the liquid phase from gas pipelines is sufficient for 
gas transportation. For this purpose, the use of pipe-type separa-
tors can be considered effective in reducing fluid and pressure 
losses in gas collection systems at field facilities, as well as in 
ensuring the stable operation of pipelines (Gadashova, 2014; 
Abdullayev et al., 2015). These aspects are discussed below.

From the conducted studies and literature sources, it can 
be concluded that the gas phase in pipelines undergoes separa-
tion inside the pipe, depending on pressure, temperature, and 
flow rate. By using this process, it is possible to prevent many 
potential obstacles by removing the liquid phase from inside 
the pipe without disturbing the technological regime, pressure, 
temperature, or flow (Gvozdev et al., 1988). The pipe-type 
separator is mainly suitable for separating gas streams with 
a low liquid phase content.

It is known that the gas flow supplied to the intake of the 
compressor station passes sequentially through group-size and 
enlarged separation devices and enters the common gas collec-
tor through 250–300 mm diameter pipe branches at a pressure 
of 4–5 atm. The amount of liquid phase in such gas flows 
passing through the separation devices reaches 40–50 g/m3. 
However, during pipeline operation, the liquid phase gradually 
accumulates in the pipes, and these liquid plugs eventually 
pass through the intake separators of the compressor station. 
In such cases, the efficiency of the separators is disrupted, 
and the compressor operation becomes difficult (Panakhov 
and Abdullayev, 1990; Gadashova, 2017; Thadil et al., 2022). 
Simultaneously, the amount of liquid accumulated in the intake 
lines increases the hydraulic resistance in the pipelines and may 
cause the formation of tar-hydrate plugs during cold periods. 
Therefore, it is advisable to install pipe separators in the most 
critical sections of the pipelines.

The calculation of an experimental testing device for a pipe-
line branch under specific field conditions, and the methodology 

for determining the dimensions of the pipe separator device, 
will be considered. Also, it should be noted, that the use of such 
types of proposed equipment allows to reduce formation of the 
obstacles in the further transportation of the gas. The method-
ology for determining these dimensions is presented below.

Methodology

The calculation methodology aims to establish a separation 
mode of the gas-liquid flow in a specific section of the pipe-
line, that is, to form a separate (layered) flow of the phases. 
The creation of such a structural form in pipelines is primar-
ily achieved by reducing the flow velocity. In this case, the 
liquid phase in the pipeline forms a liquid layer that moves 
along the bottom of the pipeline, and with such steady motion, 
the liquid can be removed from the pipeline in a “continuous 
flow mode”. In gas pipelines of various diameters used in 
field conditions, there is a certain permissible flow velocity 
required to achieve this “separation mode”, depending on the 
amount of liquid phase. In practice, this permissible velocity 
can be adopted according to the values of the liquid content in 
the gas stream to obtain a highly efficient “separation mode” 
within the pipeline (Guzhov, 1973; Mustafayev et al., 2015).

In gas pipelines of various diameters used in field condi-
tions, a certain permissible flow velocity is required to achieve 
the “separation mode” depending on the amount of liquid 
phase [υ]. In practice, the allowable velocity can be taken as 
[υ] = 2.0–2.5 m/s for liquid contents of 300–400 g/m3 in the 
gas stream to obtain a highly efficient separation regime.

If the pipeline operates in a relatively stable regime – i.e. 
sudden increase in the liquid phase, vibrations or sharp changes 
in flow rate are not expected – then υ = 2.0 m/s is assumed. 
As the pipeline diameter increases and the amount of liquid 
phase in the flow decreases, it is possible to slightly increase 
the permissible velocity value υ (Lebskiy, 2010; Czerwiński 
and Łuczko, 2012; Udoetok, 2018). Taking this permissible 
velocity as the main flow parameter, the calculation of the 
pipe separator is carried out using the following methodology:
1.	 	The operational parameters of the existing pipeline should 

be determined. The gas flow rate, working pressure, and 
range of changes in the liquid phase along the pipeline 
should be determined.

2.	 	It should be assumed that the gas flow rate and working 
pressure in the operating pipeline will vary. Figures 1 and 2 
show graphs for operating pipelines and the corresponding 
pipe separator diameters, taking into account these varia-
tions and the compressor station’s inlet conditions. These 
graphs serve as methodological tools for analyzing flow 
velocity changes both in the operating pipeline and in the 
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pipe separator (Panakhov et al., 2014; Gadashova, 2016a, 
2016b; Wang et al., 2021).

3.	 	The installation location of the pipe separator in the pipe-
line should be determined. This decision should take into 
account the pipeline profile, areas where liquid is likely 
to accumulate, the feasibility of collecting, storing, and 
transporting the separated liquid, and other relevant factors 
(Malikov et al., 2007).

4.	 	The value of the permissible flow velocity in the pipe 
separator should be determined by analyzing the source of 
the gas flow, whether it passes through separation devices, 
the variability of pipeline operating modes, its operational 
schedule, and potential disturbances.

5.	 	The internal diameter of the pipe separator should be cal-
culated. This value is determined according to the law of 
stability of the gas flow rate and continuity of flow in both 
the pipeline and pipe separators. Thus:

Q F F F d Dg = = = ⋅ ⋅ = ⋅υ υ υ υ υ0 0 0 0 0 0
2

0
2const or [ ] [ ] 	 (1)

Therefore:

	 D d0 0
0=

υ
υ[ ]

	 (2)

where: 
Qg – gas flow rate in the pipeline,
F, F0 – cross-sectional areas of the pipe separator and the 

pipeline, respectively,
D0, d0 – diameters of the pipe separator and the pipeline, 

respectively,
[υ], υ0 – permissible gas flow velocity in the pipe separator 

and actual velocity in the pipeline, respectively.

If the permissible velocity in the pipe separator is taken as 
[υ] = 2–2.5 m/s, then the dependence (2) becomes:

	 D d d0 0
0

0 02 2 5
0 63 0 71=

÷
= ÷ ⋅

υ
υ

[ . ]
( . . ) 	 (3)

6.	 	In the calculation, coefficients in the range of 0.63–0.71 
are selected depending on the degree of flow stabilization 
(i.e. the steady nature of stream flow through the separa-
tor). If the pipeline flow exhibits more complex behavior 
(vibrations, clogging or unstable flow), the higher end of 
this range should be used. In cases where a decrease in 
gas flow pressure is expected, it is also advisable to use 
a coefficient of 0.71. Based on the calculated value, the 
next larger standard pipe diameter should be adopted for 
the separator body.

7.	 	The diameter of the central ring pipe and of the guide pipe 
of the rotor (which is equal to it) is determined by the fol-
lowing dependence:

	 D1 = (0.80 ÷ 0.9) · D0	 (4)

After this calculation, the diameters of the ring and guide 
pipes of the rotor are selected from standard sizes closest to 
the calculated values. Generally, the diameter of the guide pipe 
should be one standard size smaller than that of the body pipe.
8.	 	The length dimensions of the pipe separator are generally 

constant for pipe separators of different diameters.
9.	 	The diameter of the gas outlet pipe from the pipe separator 

should be equal to the diameter of the pipeline in which this 
separator is installed; that is, equal to the diameter of the 
inlet pipe of the pipe separator. The diameter of the liquid 
outlet pipes from the body is taken as dliq = D0 : 2.

10.		The liquid tank can be made from standard large-diameter 
pipes. The volume of the tank should be approximately 
0.5–1 m3. This value can be determined based on the spe-
cific consumption of the liquid to be collected, depending 
on the amount of gas.
It should be noted that all assumptions were made with 

respect to field conditions, and their applicability is based 
on the results of calculations to determine the appropriate 
parameters for the separation process. Based on the described 
methodology, a calculation was made using initial values to 
determine the feasibility of applying a pipe separator in the 
receiving network of a compressor station.

Initial values:
Case I
d0 = 250 mm – pipeline diameter,
P = 4.5 atm (5.5 ata) – working pressure,
Gas consumption, Qg = 200,000 nm3/day;
Case II
d0 = 300 mm – pipeline branch diameter,
P = 4.5 atm (5.5 ata) – working pressure,
Gas consumption, Qg = 300,000 nm3/day.

1.	 	In each variant, assuming the diameter of the pipe (d0) and 
the gas flow rate (Qg) to be constant, the working pressure 
is assumed to vary in the range of 3–6 atm (4–7 ata).

2.	 	Graphs are constructed for both variants (Figure 1). It  can 
be seen from the graphs that at the average working pres-
sure (5.5 ata), the flow velocities for both variants are 
close in value. Specifically, at a pressure of 5.5 ata, the 
flow velocities for Case I and Case II are 8.57 m/s and 
8.93 m/s, respectively. Using these graphs (Figure 2), it is 
possible to analyze the variation in flow velocity in pipelines 
depending on the working pressure. Once the velocity for 
a given pressure is determined, it is then used to calculate 
the diameter of the pipe separator D0.

3.	 	The location of the pipe separator in the gas pipeline is 
selected based on field conditions, the potential for fluid 
accumulation along the pipeline, and the feasibility of 
transporting the trapped fluid.
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4.	 	Assuming a working pressure of the gas flow P = 4.5 atm 
(5.5 ata), the internal diameter of the pipe separator is 
calculated for both cases:
For Case I:

	 D0 0 63 0 71 250 8 57 461 1 519 6= ÷ ⋅ ⋅ = ÷( . . ) . . . [mm] 	
For Case II:

	 D0 0 63 0 71 300 8 93 564 8 636 5= ÷ ⋅ ⋅ = ÷( . . ) . . . [mm] 	
5.	 	Standard pipe diameters are then selected for both op-

tions based on the average values of the calculated diam-
eters D0, considering that the gas flows in both cases pass 
through existing separation devices. Accordingly, for Case I, 
D0 = 600 mm is selected. The permissible gas flow rate for 
these diameters is ([Qgas] = f (D0, P, [υ])) (Figure 4).

6.	 	According to the selected values, the diameter of the central 
ring pipe and the corresponding rotor guide pipe is calcu-
lated as follows:
For Case I: D1 = (0.8 ÷ 0.9) · 500 = 400 ÷ 450 mm;
For Case II: D1 = (0.8 ÷ 0.9) · D0 = (0.8 ÷ 0.9) · 600 =  
                         = 480 ÷ 540 mm.

7.	 Considering standard pipe diameters, D1 = 450 mm is se-
lected for Case I, and D1 = 500 mm is selected for Case II, 
according to the methodology.
8.	 	 The length dimensions of the pipe separa-
tors, including the number of fins, blade lengths, and other 
geometrical parameters for pipe separators of different 
diameters, are provided in Tables 1 and 2. Most length 
dimensions are the same in both calculated cases. The 
number of fins is set at 16 in both cases (D1> 300 mm). 
The blade lengths, as shown in Table 1, are: lb = 125 mm 
in Case I and lb = 140 mm in Case II.

Figure 1. Graphs showing the dependence of gas flow and  
velocity in pipelines for the given diameters 0 = 250 mm and  
d0 = 300 mm
Rysunek 1. Wykresy przedstawiające zależność przepływu gazu 
i prędkości w rurociągach dla średnic d0 = 250 mm i d0 = 300 mm

Figure 2. Graphs showing the gas flow velocity in the body of the 
tube separator, depending on the flow rate and pressure
Rysunek 2. Wykresy prędkości przepływu gazu w korpusie sepa-
ratora rurowego w zależności od natężenia przepływu i ciśnienia

Table 1. Length values of impeller blades for different guide pipe 
diameters of the pipe separator impeller
Tabela 1. Wartości długości łopatek wirnika dla różnych średnic 
rur prowadzących wirnika separatora rurowego

Diameter 
of the guide 

pipe, D1 
[mm] 

Distance 
between 

impellers, a  
[mm] 

Impeller length  
[mm] Number  

of  
impellers calculated selected

100   33   29.7   40   8

150   47   46.9   50   8

200   72   54.5   60   8

250   90   68.1   75   8

300 110   80.3   90   8

350 128   93.9 100 16

400 145 108.3 115 16

450 165 120.4 125 16

500 185 132.6 140 16

600 220 160.5 170 16

700 260 184.9 190 16
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9.	 	The diameter of the gas outlet pipe from the body of the pipe 
separator is equal to the diameter of the pipeline branch, 
i.e., dinlet = doutlet = d0. In Case I, it is doutlet = 250, and in 
Case II – doutlet = 300 mm. The diameters of the liquid 
outlet pipes are dliq = 500 : 2.0 = 250 mm in Case I and  
dliq = 600 : 2.0 = 300 mm in Case II.

10.		The liquid collection rate of 0.3–1 m3 per unit time is con-
trolled by the level sensor within the liquid collection tank.
The results of the report conducted for both cases, based 
on the initial values provided, are presented in Table 3. 

As can be seen from Table 3, a number of structural (length) 
dimensions of the pipe separator remain the same for both 
cases and for pipe separators with different diameters. 
These values do not depend on the initial parameters (Qg, 
P, d0). They were determined experimentally to create 
favorable conditions for transforming liquid plugs into 
a liquid film inside the pipe in flows of different struc-
tures, thereby increasing the efficiency of the in-pipe 
separation process (Sokolov and Zinger, 1989; Nanmaran  
et al., 2023).

Table 2. Structural dimensions of the pipe separator
Tabela 2. Wymiary konstrukcyjne separatora rurowego

Pipe separator dimensions
Pipe separator body diameter, D0 [mm]

150 200 250 300 350 400 450 500 600 700 800
Guide pipe diameter, D1 [mm] 100 150 200 250 300 350 400 450 500 600 700

Liquid outlet pipe diameter [mm]   75 100 125 150 150 200 200 250 300 350 400
Length, L 8750

l1 600
l2 250
l3 5–10
l4 1500
l5 250
l6   40   50   60   75   90 100 115 125 140 170 190
l7   10   10   10   10   10   10   10   10   10   10   10
l8 950 940 930 915 900 890 875 865 850 820 800
l9 1000
l10 250
l11 500

Table 3. Designated structural dimensions of the pipe separator based on the case
Tabela 3. Wyznaczone wymiary konstrukcyjne separatora rurowego w zależności od wariantu

Dimensions [mm] d0 D0 D1 Dm l1 l2 l3 l4 l5 l6 l7 l8 l9 l10 l11 L

Case I: Qg = 200 000 nm3/day 250 500 450 250 6000 250 5–10 1500 250 125 10 865 1000 250 500 8750

Case II: Qg = 300 000 nm3/day 300 600 500 300 6000 250 5–10 1500 250 140 10 850 1000 250 500 8750

L = l1 + l4 + l9 + l10; l9 = l6 + l7 + l8; L, l1, l2, l3, l4, l5, l7, l9, l10, l11 – const.; d0, D0, D1, Dm, l6, l8 – variable

Figure 3. Separation pipe system for capturing liquid from oil and gas streams
Rysunek 3. System rur separacyjnych do wychwytywania cieczy ze strumieni ropy i gazu
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The choice between conventional and pipe separator de-
pends on the specific operating conditions and cleaning require-
ments (Table 4). If a high degree of fine cleaning is required, 
a pipe separator will be preferable despite the higher cost. If 
simplicity of construction and low cost are important, and the 
degree of purification is not critical, a conventional separator 

contain a significantly higher amount of liquid (Ramazanova 
and Gadashova, 2014). For example, if the liquid phase content 
in gas flows discharged into the atmosphere or in low-pressure 
gas flows entering a compressor station intake is 10–50 g/m3, 
then in the considered gaseous oil flow, the liquid content is 100 
times higher (Panakhov and Gadashova, 2015; Ramazanova 
and Gadashova, 2015).

Thus, for the selected gaseous oil stream, the gas volume 
is 40,000–50,000 m3/day, while the liquid content reaches  
100 t/day. In this flow, 2000–2500 g of liquid phase corresponds 
to every 1 m3 of gas. This excess liquid phase causes the flow 
to become unsteady. The structural formations within such 
a flow complicate the creation of favorable in-pipe separation 
conditions. For such flows, the movement through liquid and 
gas plugs is a favorable characteristic. A specially designed 
separation pipe system is proposed to separate the phases in 
this vibrating-turbulent gas-liquid stream with complex mixed 

Table 4. Comparison of the conventional and pipe separators
Tabela 4. Porównanie konwencjonalnych i rurowych separatorów

Characteristics Conventional  
separator

Pipe  
separator

Coarse particle removal 
efficiency high high

Fine particle and droplet 
removal efficiency low high

Discharge capacity high high

Dimensions and footprint high low

Cost low high

Sensitivity to changes in 
flow parameters less sensitive more sensitive

Figure 4. a) Pressure-velocity dependence in existing pipelines;  
b) Pressure-velocity dependence in large and medium-sized pipe 
bodies
Rysunek 4. a) Zależność ciśnienia od prędkości w istniejących 
rurociągach; b) Zależność ciśnienia od prędkości w dużych i śred-
nich rurociągach

may be sufficient (Yefimov et al., 2018). 
The values that vary depending on the initial conditions 

(Qg, P, d0 and υ0) include the diameters of the pipe separator 
body (D0, D, and dliq), the central ring pipe, the guide pipe, 
the liquid outlet pipe, and the length of the impellers (lb).  
As indicated above, the number of impellers is assumed to be 
8 when D1 ≤ 300 mm and 16 when D1 ≥350 mm.

The diameter of the liquid outlet pipe from the pipe separa-
tor body is assumed as dliq = D : 2. This value of dliq may be 
relatively large, depending on the amount of liquid retained 
from the flow. In any case, the diameter dliq should be taken as 
the maximum allowable. A large cross-sectional area for the 
discharge holes on the lower side of the pipe separator body 
prevents liquid from being entrained by the gas flow through 
the separation zone. After the liquid outlet pipe is separated 
from the pipe separator body, its diameter may be reduced as 
needed. Thus, the large diameter is important only in initial 
segment of the liquid pipe – within the separator body itself.

The internal elements of the pipe separator, such as the 
central ring pipe and rotor, can be made of ordinary standard 
pipe material, while the partitions can be made of metal sheets. 
If a working fluid tank is located near the installation site of 
the pipe separator, there is no need to install a dedicated liquid 
tank for the separator. In this case, all three liquid outlet pipes 
should be connected to a common collector and directed to 
the working fluid tank. If this is not feasible, the tank can be 
made from a large-diameter pipe section. Gaseous oil streams 
differ from the previously considered gas streams in that they 
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structural forms (Panakhov et al., 2010, 2015).
To determine the dimensions of the elements of this system, 

the following methodology is used:
1.	 	Based on the initial values, the maximum gas flow rate 

is 50,000 nm3/day, the internal diameter of the existing 
pipeline in mm, and the range of working pressures is to 
be analyzed using the following dependence:

	 υ0
0
20 067824

=
⋅ ⋅

Q
P d

g

.
	 (5)

where: υ0 is the initial flow velocity in the existing pipe-
line for the gas phase [m/s].

2.	 	In order to obtain a separate (layered) phase flow struc-
ture for the gas-oil flow, that is, to switch to the “separa-
tion mode”, the diameter of the large pipe body should be  
selected.
When doing so, it must be ensured that the flow velocity 

in the large pipe body allows for separation to occur. Thus, 
the internal diameter of the large pipeline is determined ac-
cording to the “law of continuity” of the flow or the following 
dependence:

	 D d d0 0
0

0 01 3 1 4= = ÷ ⋅ ⋅
υ
υ

υ
[ ]

( . . ) 	 (6)

where: the quantity (5) should be taken at the maximum value 
according to the relationship or graph υ0 = f (P), depending on 
the working pressure. The corresponding standard pipe diameter 
closest to the calculated value is then selected.
3.	 	Determine the internal diameters of the central ring pipe 

and the middle pipe body of the pipe system, assuming the 
removal of the main fluid mass from the flow in the large 
pipe body.
In this step, it is assumed that the diameters of the ring pipe 

and the middle pipe (D1) are equal. If the permissible velocity 
in these pipes is taken as [υ]’ = 0.9–1.0 m/s, then the diameter 
is calculated from the following dependence:

	 D D D D

D D

1 0 0 0

1 0

0 5 0 6
0 9 1

0 7 0 8

0 7 0 8

= ⋅
′
= ⋅

÷
÷

= ÷ ⋅

= ÷ ⋅

[ ]
[ ]

. .
.

( . . )

( . . )

υ
υ

	 (7)

4.	 	The diameters of the gas and liquid outlet pipes in the 
separation system are taken equal to the diameter (d0) of 
the inlet pipe. This diameter is also equal to that of the 
production pipeline into which the system is installed.

5.	 	The length dimensions of the pipe system, regardless of 
the initial values or calculated diameters, are determined 
by the flow duration in the system, the trajectory of droplet 
settling, and several experimental considerations. These 
dimensions are constant in all cases.
The methodology described above is based on creating an 

efficient structural form of gas-liquid phase separation and, 

therefore, the principle of separation of flows from each other 
in the conditions of the pipe system without interruption. The 
methodology described above can be summarized as follows:
•	 	determine the flow velocity in the operating pipeline (υ0);
•	 	determine the pipe separator body diameter based on the 

velocity (υ0) and the diameter of the pipeline (d0);
•	 	determine the diameters of the central and guide pipes (D1) 

based on D0;
•	 	determine the fin length based on D1;
•	 	adopt other structural dimensions for the pipe separator 

based on D0.

Conclusion

1.	 	If the diameter of the large pipe is selected as the maximum 
allowable, then even when the pressure decreases, flow 
velocities increase, or the liquid phase gradually increases, 
the efficiency of the separation process will not diminish 
and will remain stable.

2.	 	The distance from the entrance of the large pipe body to the 
location of the central ring pipe is assumed to be 6 meters. 
Increasing this distance can further stabilize the flow and 
enhance separation efficiency. 

3.	 	The large diameter of the liquid outlet pipes, which are 
separated from the large pipe body enhances the efficient 
separation of liquid from the flow.

4.	 	Installing separate valves on the three liquid outlet lines 
separated from the separation pipe system enables the 
evaluation of the operational efficiency of each section of 
the system. Therefore, it is advisable to install these valves 
in the test sample unit.

5.	 	If a liquid intake point is located near the pipe system 
installation site, the system’s liquid outlet line should be 
rerouted directly to it. Otherwise, a dedicated liquid col-
lection container (tank) should be prepared to store and 
periodically remove the separated liquid.

6.	 	Regarding the practical application of the proposed meth-
odology, it should be noted that it was success fully imple-
mented in the offshore fields of the Sangachal oil Gas 
Production Department. Field data from the mentioned 
areas were used during the calculation process.

Nomenclature
υ0 	 – gas flow velocity in pipeline
[υ] 	 – acceptable flow velocity
Qg 	 – gas consumption
P 	 – operating pressure
D0 	 – pipe separator diameter
D1 	 – rotor guide pipe diameter
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d0 	 – production casing diameter
dliq 	 – pipe diameter (liquid)
F, F0 	 – cross-sectional areas of the pipe separator and the 

pipeline, respectively
a 	 – distance between impellers
L 	 – length of the large pipe body
l1 	 – length from the inlet of the large pipe body to the central 

annular pipe
l2 	 – length of the central annular pipe
l3 	 – length from the central annular pipe to the inlet of the 

middle pipe
l4 	 – length of the middle pipe body
l5 	 – length of the middle pipe body protruding from the large 

pipe body
l6 	 – length of the gas outlet pipe within the middle pipe body
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