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Abstract:In the process of oil extraction and transportation, due to the

interaction between oil, gas and water, hydrates are easily generated and

pipelines are blocked. Based on this, from the perspective of energy

enterprise automation technology, testing and research on oil and gas

multiphase flow models and flow models are carried out. The hydrate

formation area is analyzed by using the hydrate formation phase equilibrium

theory, and the formation rate, deposition characteristics and blockage

formation mechanism are analyzed. The influence of phase flow and heat

transfer; after the boundary interface coefficient between oil, gas and water is

clarified, a multiphase flow model of oil, gas and water is established. In the

experimental test, the differential pressure signal is used to carry out the

research on the oil and gas multiphase flow model and flow model, and it is

concluded that the minimum critical superficial liquid velocity among the three

flow patterns of oil, water and gas is 0.113 m/s, It can clearly characterize the

characteristics of the flow pattern transition, which has certain practical

significance for the sustainable development of energy enterprises.
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Introduction

Oil has played a very important role in the development of the country, so the mixed

transportation of oil and gas has been more widely used. In order to make the oil and gas

mixing technology (Wu et al., 2021) more suitable for the actual needs of the project,

experts in related fields have carried out in-depth research on it, and multiphase flow

testing (Li et al., 2021a) and flow model testing (Mitsuru and Yuhu, 2019) have gradually

become hot topics in the industry. In the multiphase flow test model, the parameters have

a certain random variability, and the use of energy enterprise automation technology to

identify the flow pattern of the changing parameter signals can greatly improve the oil and

gas transmission efficiency in my country (Mouketou and Kolesnikov, 2018). However, at

present, the development of automation in energy enterprises is still in its infancy, and

relevant theoretical knowledge and practical applications are constrained by various

conditions, such as lack of scientific research funds and lack of advanced technical

support, and have not played its real role. Moreover, considering the incorporation of
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liquid phase in the oil transmission process, the oil pipeline will

be blocked to a certain extent, thereby reducing the oil

transmission efficiency. In order to take the oil and gas mixed

transportation technology to a new level, corresponding

measures must be taken to accurately predict the location and

area where the oil pipeline may be blocked, analyze the

relationship between the various phases, and lead and guide

the automation technology of energy enterprises (Le et al., 2021) ]

development of. However, how to accurately predict the blockage

position of oil pipelines is still an important factor affecting the

efficiency of oil production due to the lack of corresponding

theoretical guidance and experimental data.

In view of the above problems, the literature (Yan et al., 2017)

combined the optical fiber distributed acoustic wave sensing

system with the optical fiber temperature pressure gauge and

the optical fiber distributed temperature monitoring system by

analyzing the main performance parameters and technical

indicators of the multiphase flow hydrate environment. At the

same time, various information of oil and gas wells are obtained,

and experimental values of multiphase flow hydrate suitable for

large-diameter, long-distance and high-pressure oil pipelines are

proposed.

This method has the advantages of long life, long

transmission distance, long monitoring distance and high

temperature resistance. It can eliminate the electromagnetic

influence during downhole operation, but when the oil

pipeline is blocked, the blockage position cannot be predicted

in time. Reference (Li and Dong, 2019) focuses on oil and natural

gas. Equal pipeline transportation, in order to ensure the ideal

accuracy of the multiphase flow test results, on the basis of

ensuring the reliability of transportation management, the

V-cone flowmeter structure is built, and the multiphase flow

measurement correction model is introduced to ensure the high

accuracy of the multiphase flow experiment. Precision. This

method does not reach the environment where water and oil

are mixed downhole, and there is a certain error between the

accuracy of multiphase flow and the actual results. Reference

(Han et al., 2019) established a multiphase flow test system based

on the principle of optical fiber distributed acoustic wave sensing.

Carry out monitoring and research on oil wells. Although the

system obtains accurate downhole acoustic signals and realizes

real-time monitoring of downhole production and susceptibility,

it also does not consider the downhole hydrate formation area,

which makes the research results unsatisfactory.

The above methods have achieved certain results in

multiphase flow test accuracy and acoustic signal acquisition,

but they do not consider the current development trend of the oil

industry, and use advanced automation technology to seek more

accurate pipeline blockage location prediction methods to help

energy companies improve oil production. Quantity. Based on

this, this paper conducts in-depth research on oil and gas

multiphase flow testing and flow simulation testing from the

perspective of energy enterprise automation. First, measure the

hydrate in the oil pipeline. The measurement is mainly carried

out from the hydrate formation area, decomposition rate (Li

et al., 2021b), deposition characteristics and blockage formation

mechanism, and the hydrate deposition rate at each location in

the oil pipeline is determined, so that corresponding measures

can be taken to ensure the normal exploitation and

transportation of oil; A hydrate-containing multiphase flow

model was established to analyze the thermal resistance effect

of hydrate blockage on oil pipelines. Based on the continuity

equation (Zhang et al., 2022), momentum equation and energy

equation (Aglave et al., 2015), the relationship between the three

phases of water is established; the multiphase flow model of oil,

gas and water is established, and the boundary interface

coefficient value of each phase is clarified (Wu et al., 2018). In

the experimental test, the minimum critical superficial liquid

velocity between laminar flow, wavy flow and slug flow is

obtained as 0.113 m/s. Using the method in this paper, the

transformation characteristics between the three flow patterns

can be well described, as It has played a major role in promoting

the development of the oil industry.

Measurement method of gas hydrate

In actual oil mining mines, there will inevitably be a

certain degree of hydrate, forming the phenomenon of

water-oil mixture. In the long run, hydrate formation will

have a serious impact on normal oil exploitation and

transportation. In order to get accurate test results of

multiphase flow, the areas where hydrate usually forms,

decomposition rate (Bahrami et al., 2016), sedimentary

characteristics and blocking formation mechanism are

analyzed, so as to have an in-depth understanding of

hydrate deposition law in petroleum mine system,

providing scientific reference for accurate prediction of

hydrate area and prevention and control of oil exploitation.

Hydrate formation zone

Firstly, the possible regions of hydrate formation are

analyzed, and the equilibrium theory of hydrate formation

phase is used in this paper. The hydrate formation phase

equilibrium theory refers to the fact that under different

environmental factors, different temperatures and pressures of

natural gas hydrates correspond to different phase systems in

which hydrates exist. When the temperature in the mine is lower

than the phase equilibrium temperature, the mine pressure value

is larger than the phase equilibrium pressure value at the current

temperature, and hydrate will be formed.

In this paper, the temperature and pressure required for

hydrate formation are calculated by using hydrate phase

equilibrium equation:
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Δμ0
RT0

− ∫
Teq

T0

ΔH0 + ΔCk(Teq − T0)
RT2

eq

dTeq + ∫
peq

p0

ΔV
RTeq

dpeq

� In(fw

fwr
) −∑l

i�1
MiIn⎛⎝1 −∑l

i�1
θij⎞⎠ (1)

ln(fw/fwr) � ln xw (2)

In the formula, Δμ0 represents the chemical potential difference

between the hydrate lattice and pure water in a standard

environment, and the unit is J/mol; R represents the universal

gas constant, the unit is J/(mol.k); T0 represents the temperature

value in a petroleum mine under standard environment, in unit

of K; Teq represents the temperature value of hydrate phase

equilibrium, in unit of K; ΔH0 represents the specific enthalpy

difference between the hydrate lattice and pure water, expressed

in J/kg; ΔCk represents the specific heat tolerance difference

between the hydrate lattice and pure water, in unit of Pa; peq

represents the pressure value of hydrate phase equilibrium, and

the unit is Pa; p0 represents the pressure value of oil mine in

standard state, and the unit is Pa; ΔV represents the specific

tolerance difference between the hydrate lattice and pure water,

in m3/kg; fw is the fugacity of water in standard environment,

and the unit is Pa; fwr is the fugacity of water under the reference

condition, in unit of Pa; l represents the number of types of

hydrate in the mine; L represents the number of components

required for hydrate formation; Mi is the dimensionless ratio of

the number of type i holes to the number of water molecules in

hydrate phase; θij represents the proportion of type i holes

occupied by type j gas molecules in hydrate crystal,

dimensionless; xw is molar concentration of water,

dimensionless; i � 1, 2 . . . l ; j � 1, 2 . . . L.

Rate of hydrate formation and
decomposition

In the hydrate formation zone, gas and water molecules

constantly interact to form new hydrates. The speed of

hydrate formation is related to many conditions, which can be

roughly divided into three categories: intrinsic kinetic factors,

heat transfer process and mass transfer process. At present, there

are many calculation methods for hydrate formation rate. By

comprehensive comparison, Formula 3 is used in this paper to

complete the calculation of hydrate formation rate. In the ring

fog flow system, part of the water will evaporate with the air flow

through the way of small droplets, drift mine environment; Some

of the water will flow along the pipe, forming a liquid film of a

certain thickness on the pipe wall. Both droplet and liquid film

contain hydrates, but the gas-phase contact relationship between

them and hydrates is very different. Hydrate formation rate is

calculated under the ring fog flow theory, and the formula is

shown in Eq. 3:

Rhf � Ask1Mh

Mg
exp( − k2

Tf
)(ΔTsub) (3)

In the formula, Rhf represents the formation rate of hydrate in a

petroleum mine within unit length, and the unit is kg/(m s); As

represents the gas-liquid contact area in A petroleum mine

within unit length, and the unit is m2/m; Mh represents the

molar mass of hydrate, in kg/mol;Mg represents the molar mass

of hydrate and oil mixture, in kg/mol; Tf represents the liquid

temperature in the test oil pipeline, in unit of K; ΔTsub represents

the degree of supercooling (Jiang and Yang, 2018), in unit K;

k1 � 2.608 × 1016kgm−2K−1s−1 , k2 � 13600K.

The hydrate formation rate under other conditions can be

calculated by Vsniausk as& Bishnoi model (Martins et al., 2021).

When the gas hydrate is generated in the oil mine, it will

move upward along with the upward transportation of oil. As it

moves, the hydrates decompose under pressure (Li, 2022a). The

calculation formula of hydrate decomposition rate is shown in

Eq. 4:

Rd � kdAsMh(feq − fg) (4)

kd � 1.24 × 1011 × exp(−ΔE
RT

) (5)

In the formula, Rd is the decomposition rate of hydrate, in kg/

(m.s); kd represents the hydrate decomposition constant, in mol/

(m2. pa.s); feq represents the fugacity of a gas at three-phase

equilibrium, in Pa;feq represents the fugacity (Li, 2022b) value of

gas in an oil mine, in unit of Pa; ΔE represents the activation

energy in J per mole.

Characteristics of hydrate deposition and
mechanism of blockage formation

Under the circumstance of annular mist flow, part of the

hydrate in the oil mine will sublime with the gas, and the other

part will be deposited on the wall of the pipeline to form a hydrate

layer of a certain thickness. In severe cases, it can lead to blockage

of the pipeline. Under the action of the liquid film of the oil

pipeline, the super-strong adhesive force makes the hydrate

tightly adsorb on the pipeline wall, which can easily cause the

blockage of the oil pipeline. Then it can be obtained that the

hydrate deposition rate (Aziz et al., 2015) under the condition of

annular fog flow is:

Rhd � 2πrfk1Mh

Mg
exp( − k2

Tf
)(ΔTsιb) (6)

In the formula, Rhd is the deposition rate of hydrate in the

inner wall of oil pipeline within unit length, in kg/(m s); rf
represents the inner diameter of the oil pipeline, in unit of m.

After a long time of deposition, the hydrate on the inner wall

of the oil pipeline will gradually thicken and form the hydrate
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layer (Emmanuel and Dimitrios, 2019), whose specific thickness

can be calculated by Eq. 7:

δh � rti − rf � ∫t
0

k1MhΔTsub

ρhMg
e−k2/Tfdt (7)

Then, the dimensionless hydrate layer thickness δD is

introduced into Eq. 7 to obtain:

δD � δh
rti

(8)

In the formula, δh represents the specific thickness of the

hydrate layer of the oil pipeline, in unit of m; rti represents the

inner diameter of oil pipeline before hydrate bonding, in unit of

m; t stands for time in s; ρh represents the density value of hydrate

adsorbed on the wall of oil pipeline, in kg/m3; δD represents the

thickness value of dimensionless hydrate (Khayat et al., 2017).

It should be noted here that the data error between the

hydrate thickness calculation method used in this paper and the

standard ring fog flow condition is controlled within ±10%.

Hydrate formation takes time to accumulate, which is not a

slow process, and some of it is carried away by sublimation, not

all of it adsorbed to the wall of the pipeline. Therefore, even if the

current environment meets all the conditions for hydrate

formation, it will not cause hydrate blockage immediately. In

practical application, the formation and blockage of hydrate in

each position can be understood by calculating the thickness

value of hydrate in different positions, so as to take

corresponding measures to minimize the probability of

hydrate blockage and ensure the normal operation of oil

pipeline (Podryga et al., 2021).

Gas hydrate multiphase flow model

In hydrate formation conditions, two essential factors are

water and gas, which interact with each other to form a new solid

phase and change with the change of heat during hydrate

formation and decomposition. At the same time, with more

and more hydrate adsorbed on the inner wall of the oil pipeline,

the oil flow area will continue to decrease and hydrate layer with

thermal resistance effect will be formed gradually (Song et al.,

2020). With the passage of time, the thermal resistance effect

gradually increases. After considering the influence of hydrate

generation and deposition on multi-phase flow and heat transfer

in oil mines (Frank et al., 2019), a multi-phase flow model of oil

and gas containing hydrate was established. Phase

transformation exists between gas phase and hydrate phase,

but cannot be completed between gas phase and liquid phase

due to lack of mass transfer. There is a stable radial heat transfer

between the oil mine and the bottom layer, and the fluid in the

mine is always in a state of thermodynamic equilibrium. In the

multiphase flow model, the interface between each phase can be

regarded as a discontinuity plane, and the fluid in each phase

satisfies the basic laws of conservation of mass, momentum and

energy. These laws describe the relevant laws that should be

followed in the process of oil exploitation from three aspects of

continuity equation momentum equation and energy equation

respectively.

Continuity equation

Based on the mass conservation law (Li et al., 2018), the

continuity equation between each phase is calculated as

follows:

The gas phase:

z

zt
(AρgEg) + z

zs
(AρgvgEg) � qg − xgRhf (9)

The liquid phase:

z

zt
(AρmEm) + z

zs
(AρmvmEm) � −(1 − xg)Rhf (10)

The cutting phase:

z

zt
(AρcEc) + z

zs
(AρcvcEc) � qc (11)

Hydrate phase:

z

zt
(AρhEh) + z

zs
(AρhvhEh) � Rhf − Rhd (12)

In the formula, A is annular cross-sectional area, unit: m2; ρg 、

ρm 、 ρc 、 ρh represent the density values of natural gas, drilling

fluid (Al-Qutami et al., 2017), cuttings and hydrate in the

annulus, in kg/m3; Eg 、 Em 、 Ec 、 Eh respectively

represent the volume fractions of natural gas, drilling fluid,

cuttings and hydrate in annulus respectively, without

dimensionality; vg 、 vm 、 vc 、 vh respectively represent

the up-return velocities of natural gas, drilling fluid, cuttings

and hydrate in the annulus, expressed in m/s; qg represents the

gas flow rate of oil pipeline within unit length, in kg/(m/s); xg

represents the mass fraction of natural gas in gas hydrate (Sun,

2016), dimensionless; qc represents the cuttings generation rate

of the oil pipeline per unit length, in kg (m/s).

Momentum equation

According to the momentum conservation theorem,

momentum equations of multiphase flow of gas, liquid and

solid phases can be calculated, as shown in Eq. 13:

z

zt
(AEgρgvg + AEmρmvm + AEcρcvc + AEhρhvh) + z

zs
(AEgρgv

2
g

+ AEmρmv
2
m + AEcρcv

2
c + AEhρhv

2
h)

(13)
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In the formula, g represents the acceleration of gravity, in m/s2; θ

is the depth of oil mine, in unit m; p represents the pressure value

in the annulus, in Pa; Fr represents the frictional force in the

annulus in Pa.

Energy equation

1) Temperature field equation

In the oil mine, the heat transfer process of gas is not a stable

one. Under multiple constraints of temperature and pressure, gas

and hydrate will undergo phase transformation and absorb or

release some heat. Due to the influence of hydrate’s own

characteristics, it is endothermic during decomposition and

exothermic during formation. Therefore, the effect of hydrate

phase transition must be taken into account when establishing

the energy equation.

The temperature field equation of unsteady flow of gas-liquid

mixture in annular air can be expressed as:

z

zt
[(ρgEgCpgTaA) + (ρlElClTaA)] + Rhf · ΔHh

Mh
− ⎡⎣z(wgCpgTa)

zs

+ z(wlClTa)
zs

⎤⎦
� 2[ 1

A′ (Tei − Ta) − 1
B′ (Ta − Tt)]

(14)
The temperature field equation in the drill string can be

expressed as:

z

zt
(ρlClTt)At + z(wlClTt)

zs
� 2
B′ (Ta − Tt) (15)

In the formula, Cpg and C1 respectively represent the specific heat

of the gas phase and liquid phase, and the unit is J/(kg); Ta 、 Tei

and Tt represent the temperature values in annulus, formation

and drill string respectively, in unit K; ρl represents the density

value of the liquid phase, in kg/m3; El represents the volume

fraction of the liquid phase, dimensionless; ΔHh represents the

enthalpy of hydrate, expressed in J/mol; wg and wl respectively

represent the mass flow rate of gas phase and liquid phase, in kg/s;

A′ , B′ both represent intermediate parameters; At represents the

cross section of the drill string in m2.

2) Energy equation

The energy balance equation (Peng et al., 2017) between oil

pipeline and drill string can be expressed as:

z

zt
[(ρgEg(h + 1

2
v2g − gs cos θ)) + (ρlEl(h + 1

2
v2l − gs cos θ))]

A + Rhf · ΔHh

Mh

− ⎡⎣z(wg(h + 1
2
v2g − gs cos θ))
zs

+
z(wl(h + 1

2
v2l − gs cos θ))
zs

⎤⎦
� 2[ 1

A′ (Tei − Ta) − 1
B′ (Ta − Tt)]

(16)
z

zt
(ρlEl(h + 1

2
v2l − gs cos θ))At +

z(wl(h + 1
2v

2
l − gs cos θ))
zs

� 2
B′ (Ta − Tt)

(17)
In the formula, h stands for enthalpy and the unit is J.

Oil-gas-water multiphase flowmodel

The oil-gas-water multiphase flow model established in this

paper is shown in Figure 1. Among them, one for the computer

monitoring system, two for pressure sensor, three for the open

joint, four for the mixture export, five for liquid storage tanks, six

for the cuttings collection barrels, seven for transparent pipe,

eight for gas storage tank, A nine for air compressor, 10 for A gas

flowmeter, 11 for the gas phase entrance, 12 for the cuttings

funnel, 13 for water funnel, 14 for electromagnetic air pump, 15 is

gas flowmeter B, 16 is ball valve, 17 is mixture inlet, 18 is

temperature sensor, 19 is solid phase inlet, 20 is air

compressor B, 21 is ozone storage tank.

For oil flow calculation, turbine flowmeter is adopted in this

paper (Cheng et al., 2018). Because gas has certain

compressibility, it is greatly affected by temperature and

pressure in oil pipeline. Therefore, real-time compensation

and correction technology of temperature and pressure is

introduced here (Fatemi, 2015). After accurate calculation of

gas flowmeter, turbine flowmeter and vortex flowmeter, the

control of gas phase flow is realized under the action of ball valve.

FIGURE 1
Device diagram of oil-gas-water multiphase flow model.
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By calculating the continuity equation for the volume ratio of

a single phase, the interface between multiple phases can be

obtained. Assuming that phase exists, its boundary interface can

be calculated by:

zαm
zq

+ �v · ∇αm � Sαm
ρm

(18)

In the formula, �v represents the multiphase interface coefficient

value, ρm represents the volume ratio of the m phase (Bs et al.,

2019), q represents the number of phases, Sαm represents the

density value of the m phase, and α represents the volume ratio,

satisfying the conditions of Eq. 19:

∑n
m�1

αm � 1 (19)

The properties of produced oil are determined by the phase

fractions of all the controlled volumes in the annulus. The

formula for calculating the average density of the volume ratio is:

ρ � ∑n
m�1

αmρm (20)

Through the momentum equation solved above, the velocity

field of each phase is calculated, as shown in Eq. 21:

z

zt
(ρrv) + ∇ · (ρrrvv) � −∇p + ∇ · [μ(∇r

v + ∇rT
v )] + ρg

r + F
r

(21)

In the formula, r represents the phase constraint function; g
r

represents the density value of the gas phase, and F
r
represents the

velocity field sharing coefficient.

Then, the formula for calculating the pressure drop between

each phase interface is:

Δp � p2 − p1 � σ( 1
R1

+ 1
R2
) (22)

In the formula, p1 and p2 respectively represent the pressure

values on both sides of the phase interface; σ represents the

surface tension coefficient; R1 and R2 respectively represents

the radius of the oil pipeline before and after pressure.

The normal vector of the unit surface around the inner wall

of the oil pipeline is calculated as:

n̂ � n̂w cos θw + t̂w sin θw (23)

In the formula, θw represents the surface tension coefficient; n̂w
and t̂w respectively represents the radius of the oil pipeline before

and after pressure.

The equation of the average variable of the calculated

vector is:

z

zt
(ρE) + ∇ · [ �v(ρE + p)] � ∇ · (keff∇T) + Sk (24)

In the formula, T is the temperature in the variable; E is the

energy in the variable. The two expressions are as follows:

E �
∑n
m�1

αmρmEm

∑n
m�1

αmρm

(25)

T �
∑n
m�1

αmρmTm

∑n
m�1

αmρm

(26)

Assuming that the normal line of the surface n is

the gradient value of the volume share αm of the m phase,

then:

n � αm (27)

The calculation formula of surface curvature κ is:

κ �  · n̂ (28)

In the formula, the value of the normal vector coefficient n
�
is

expressed as:

n
� � n

|n| (29)

TABLE 1 Basic experimental data of oil pipeline end.

The depth of an oil min 4000 m The depth of the
water

1500 m

Casing size 10–3/42,000–3000 m drill string 50–4000 m

9–5/83,000–5000 m

Throttle line size 3 inside diameter of riser 472 mm

Drilling fluid Density 1.1g/cm3 plastic viscosity 3 mPa s

yield value 1.5Pa displacement 30L/s

Bit size 8–1/2 rate of penetration 6 m/h

Reservoir Pressure 45.6 MPa bursting pressure 49.8 MPa

gas phase permeability 550md sand thickness 15 m

Bottom-water temperature 2°C geothermal gradient 2.7°C/100 m

Frontiers in Energy Research frontiersin.org06

Liang and Wang 10.3389/fenrg.2022.972570

https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2022.972570


According to the divergence theorem, surface tension can be

converted into volume force and substituted into the left and

right source terms in the equation of average variables:

Fvol � ∑
paisij,i < j

σ ij
αiρiκj∇αj + αjρjκi∇αi

1
2 (ρi + ρj) (30)

Assuming that only two phases can exist in a unit, then κi �
κj , ∇αi � ∇αj , Eq. 30 can be transformed into Eq. 31:

Fvol � σ ij
ρKi∇αi

1
2 (ρi + ρj) (31)

Experimental verification

Using differential pressure signal to study flow characteristics is a

very common way in multiphase flow test. On the basis of differential

pressure signal, the multi-phase flowmodel and flowmodel of oil and

gas are tested. Differential pressure signal was obtained through

experimental simulation in this paper. The diameter of oil pipeline

8 times was taken as the pressure sampling interval, i.e. 1000mm, and

the sampling frequency was set as 100 Hz (Wang et al., 2018). The

experimental platform uses Windows2018 operating system, with

CPU of 8 GB and operating memory size of 4 GB. The multi-

phase flow experimental system of oil, gas and water has been

established. The oil phase is no. 40 oil. In addition to the casing at

themine end, the plexiglass pipe with an inner diameter of 40mmand

a total length of 20m was used in the experiment (Hulsurkar et al.,

2018), which was placed 15m away from the entrance of the oil mine.

Two groups of pressure transmitters are placed on the plexiglass tube

with a distance of 200mm between them. Each group consists of

transmitters placed on the upper and lower sides of the plexiglass tube.

In addition, the fluctuation of differential pressure signal in the

experiment was obtained by the capacitive differential pressure

transmitter. The total length of differential pressure measurement

was 200m, which couldmeet the experimental needs. Other basic data

about oil pipeline ends are shown in Table 1.

When the apparent velocity of both the gas and liquid phases in

the pipeline is low, lamellar flowwill be formed in the pipeline (Zhang

and Tao, 2016). Stratified flow is one of the most common flow

patterns in oil pipelines. A very smooth interface forms between the

gas phase and the liquid phase, separating them, with the gas phase on

top and the liquid phase on the bottom.When layeredflowoccurs, the

time domain signal and flow pattern are shown in Figure 2.

FIGURE 2
Stratified flow differential pressure time domain signal and
flow pattern diagram.

FIGURE 3
Time-domain signal and flow pattern of undulating flow
differential pressure.

FIGURE 4
Slug flow differential pressure signal and flow pattern diagram.
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As can be seen from Figure 2, when the apparent velocity of

gas and liquid phase is small, the differential pressure time-

domain signal and flow pattern present a layered flow, which is in

a relatively stable state with only a small range of fluctuation

(Gharaibah et al., 2015). At this time, the oil pipeline is normal,

there is no blockage and other circumstances. At the same time, it

can be considered that the time-domain signal has a stable value

of 4.56 KPa and does not change with time.

With the increase of the apparent velocity, the boundary

between gas and liquid phase begins to appear disturbance waves

moving along the flow direction. Under the influence of such

disturbed waves, a certain degree of fluctuation appeared on the

interface, so the layered flow was transformed into a wave-like

flow. At this time, the fluctuation of differential pressure signal

gradually increased, as shown in Figure 3.

It can be clearly seen from Figure 3 that compared with

stratified flow, undulating flow fluctuates more clearly, but the

overall fluctuation range is not very large and always fluctuates

around 2.666Kpa (Khayat et al., 2017). In addition, it can be seen

from Figure 3 that the time-domain signal curve is less affected by

time and does not change greatly with time.

In the oil pipeline, when the apparent velocity of the fluid rises to

a certain extent, the wavy flow gradually begins to transform into slug

flow, and the time-domain curve of the differential pressure signal

will fluctuate greatly with obvious peaks and troughs. At this point,

the liquid phase will rapidly fill the pipeline and form a long liquid

plug. Behind the liquid plug is a very long air mass, and there will be

liquid phase under the air mass, as shown in Figure 4.

By observing Figure 4, it can be concluded that when slug

flow occurs in oil pipeline, the fluctuation of time domain signal

curve is very large. Within 30 s of the experiment, there were

eight obvious peaks. However, it can also be seen that the time-

domain signal curve of slug flow has no obvious rule with the

change of time, so it can also be considered that the time-domain

signal curve of slug flow is not affected by time.

In conclusion, by analyzing the changes of time domain signal

curves of middle-layer flow, wavy flow and slug flow in Figure 2 to

Figure 4, it can be concluded that: The multiphase flow model and

flow model in this paper can well extract the time-domain curve of

differential pressure signal, and on the basis of the trend of the three

curves, the transition characteristics between oil, water and gas

multiphase flow patterns can be analyzed. By analyzing the

transition characteristics of each phase, it can be found that the

minimum critical apparent liquid velocity for the transition from

layered flow to slug flow is VSL � 0.113m/s , and the gas phase

apparent velocity for the transition from layered flow to slug flow

begins to decline with the continuous increase of liquid phase

apparent velocity, which is specifically shown as the fluctuation

of curves in Figure 2 to Figure 4. Therefore, the multi-phase flow

model and flow model established by the proposed method,

combined with differential pressure signals, can well obtain the

characteristics of flow pattern transformation, which verifies the

effectiveness and feasibility of the proposed method.

Conclusion

In this paper, from the perspective of energy enterprise

automation, the multiphase flow model and flow model of oil

and gas pipelines are tested, and three flow patterns of laminar

flow, wavy flow and slug flow are obtained, and the conversion

between the three flow patterns is obtained. Interface.

First, under the action of the liquid film on the oil pipeline

wall, hydrate deposits form a hydrate layer, which is very

prone to blockage of the oil pipeline. In this paper, after

analyzing the hydrate formation area, decomposition rate,

deposition characteristics and blockage formation

mechanism, a multiphase flow model including hydrate is

constructed. A multiphase flow model of oil and gas is

established to obtain the volume ratio, velocity field and

pressure drop of each phase. In the channel, while the

apparent velocity of liquid phase increases, the apparent

velocity of the transition between laminar flow and slug

flow shows a downward trend. Therefore, it can be

concluded that the method in this paper can describe and

characterize the flow pattern transition clearly and

unambiguously. This of great significance to the

exploration, development and transportation of oil. We will

further study the influence mechanism of various factors to

provide more scientific and favorable guidance for oil

exploitation and transportation.
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