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Abstract: Under certain temperature and pressure conditions, natural gas condensates and the liquid is accumulated in the pipeline
during transmission of gas. It is therefore important to calculate the critical effusion volume accurately so that a reasonable pigging
cycle can be determined. Frequent pigging operation not only affects the normal gas supply, but also causes unpiggable obstacles.
This study has developed a liquid prediction model in which the effusion volume is dependent on the liquid holdup and the capacity
of  the gas to carry liquid.  Using the analysis  software OLGA and applying the model  to the China-Burma pipeline,  the critical
effusion volume and the parameters distribution curves along the pipeline have been determined. The results show that the critical
effusion volume in the pipeline decreases with increasing throughput. The method is a significant advancement in determining the
pigging cycle and mitigating the pigging risk.
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1. INTRODUCTION

The pipeline from Burma to China is a strategic pipeline for importing natural gas to southwest China, such as the
city of Ruili in Yunnan province, China. The pipeline has been laid following the terrain of the rolling mountains in
Yunnan province. Thus, the pipeline has an undulating profile. Considering the heat exchange between the pipeline wall
and the surrounding environment during the transmission of gas, the temperature of the internal fluid is generally lower.
Under certain temperature and pressure conditions, the natural gas condensates and the liquid is accumulated at the low
points of the pipeline. The accumulated liquid in the pipeline is shown in Fig. (1). The existence of effusion reduces the
cross-sectional area of the pipeline for gas flow thereby causing a higher energy consumption, higher pressure drop, and
lower delivery ability [1]. In addition, effusion subjects the gas pipeline to two-phase flow which affects its operational
modality and the associated peripheral facilities.

In the petroleum and gas industry, pigging operation is a common practice to remove the pipeline effusion and keep
the pipeline free of liquid.

However, before a reasonable pigging cycle can be determined, the pipeline effusion volume must be accurately
predicted  first.  An  inappropriate  pigging  cycle  not  only  affects  the  normal  gas  supply,  it  also  causes  unpiggable
obstacles and building up of pressure [2]. In addition, the pigging causes the pipe wall to be worn out, which poses a
great potential risk during the pigging process. In view of all these, it is therefore imperative to develop a liquid model
which can predict the critical effusion volume accurately.
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Fig. (1). The accumulated liquid in the pipeline.

The issue of effusion in natural gas pipeline on hilly terrain has been becoming more prominent. In recent years,
there have been many domestic and foreign researchers studying the pigging cycle in two-phase flow pipelines [3, 4].
However, for undulating pipelines, it is difficult to predict the critical effusion volume accurately. In view of this, this
study uses the two-phase flow theory and the OLGA analysis software (which is a dynamic, one-dimensional, extend
two-fluid model), to calculate the critical effusion volume in the China-Burma natural gas pipeline for different flow
conditions  [5,  6].  Further,  based  on  the  calculated  distribution  curves  of  temperature,  pressure,  holdup  and  critical
effusion volume, the pigging cycle can be determined.

2. MODEL OF EFFUSION

2.1. Progress of Calculating Effusion Volume

Due to the heat exchange between the pipeline wall and the surrounding environment, both the temperature and
pressure of the natural gas decrease. Under certain temperature and pressure conditions, natural gas condensates and the
liquid is accumulated at the low points of the pipeline, which becomes part of the two-phase flow. If the parameters of
the liquid holdup in the pipeline are known, the effusion volume can be calculated, as follows:

(1)

In Eq. 1, QLx = the total effusion volume in the length Lx, Lx = the distance from inlet of the pipe to the point of
calculation, HL = liquid holdup, A = cross-sectional of the pipe area, dL = infinitesimal length.

The liquid holdup mainly depends on two parameters: (1) the volume of condensed liquid, and (2) the capacity of
the gas to carry liquid. In general, the volume of condensed liquid can be calculated using the phase equilibrium model
according to the temperature and pressure along the pipeline. Based on the flow regime, the volume of liquid carried by
the  gas  can  be  calculated  using  a  hydraulic  model.  The  capacity  of  the  gas  to  carry  liquid  is  mainly  dependent  on
throughput. With an increase in throughput, the faster the gas velocity, and the shear force between the liquid and the
gas increases. So, some liquid is carried out of the pipe and the effusion volume decreases.

In order to calculate the effusion volume, first, divide the pipe into multiple cells and calculate the temperature and
pressure along the pipeline. This is to determine whether there is liquid condensation according to the equation of phase
equilibrium. If there is liquid condensation, the condensation causes the flow in the gas pipeline to become two-phase.
If there is no liquid condensation in the pipe, then the liquid holdup is zero. The flow regime can then be determined
according to  the  gas  and liquid  flow rates.  Based on the  flow regime,  an appropriate  hydraulic  model  is  chosen to
calculate the liquid holdup. Finally, Eq. 1 is used to calculate the effusion volume from the pipe inlet to the pipe outlet.

2.2. Phase Equilibrium Model

The volume of liquid condensation mainly depends on the temperature and pressure in the pipeline. It is therefore
important to determine the relationship between the temperature and the pressure. At present, BWRST is one of the
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most accurate state equations to determine the relationship of PVT for different flow conditions. The BWRST state
equation  uses  11  parameters  to  describe  the  relationship  of  PVT  [7].  Therefore,  this  study  uses  the  BWRST  state
equation to calculate the phase equilibrium and physical property.

2.3. Hydraulic Model

In this study, according to the field data of the two-phase flow, the flow regime is stratified flow. Therefore, the
stratified flow hydraulic model has been used to calculate the capacity of the gas to carry liquid, as shown in Figs. (2
and 3).

Fig. (2). The hydraulic model of stratified flow.

Fig. (3). Cross-sectional areas of stratified flow in a pipeline.

The momentum balances on the liquid film and the gas core yield:

(2)

(3)

In  Eqs.  2-3,  AL,  AG  =  cross-sectional  area  of  gas  phase,  cross-section  area  of  liquid  phase.  SL,  SG,  SI  =  wetted
perimeter of liquid phase, wetted perimeter of gas phase, the length of gas-liquid interface. =the shear force
between pipe wall and liquid phase, the shear force between pipe wall and gas phase, the shear force between gas phase
and liquid phase. Details of the parameters and their and reference values can be found in publications [8 - 10].

Using Eqs. 2 and 3, Eq. 4 can be derived, as follows:

(4)
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Since the five parameters, AL, AG,SL, SG, and SI, are dependent on the gas-liquid interface height, hL, and hL can be
determined using an iterative method, the liquid holdup can be calculated, as follows:

(5)

3. APPLICATION OF THE MODEL

Taking the China-Burma natural gas pipeline in Yunnan province as the example. Details of the pipeline are shown
in Table 1. Fig. (5) shows the elevation and length along the pipeline.

Table 1. The pipeline operating data.

Parameters Value
Length 250km

Diameter 1016mm
Wall thickness 17.5mm
Pipe material API X80

Wall roughness 0.02mm
Surrounding temperature 6°C

Total thermal conductivity 1.5W/m2·K
Flow rate at input 1000~3500(104m3/d)

Temperature at input 21°C
Pressure at input 6.5MPa

The multiphase flow dynamic simulation software, OLGA, has been used to model the two-phase flow. So, using
OLGA, the critical effusion volume has been calculated by inputting the pipeline data (Table 1) and the components of
the natural gas (Table 2) into effusion model (Fig. 4)

Fig. (4). The established prediction effusion volume model in OLGA.

Fig. (5). Elevation and length along the pipeline.

4. ANALYSIS OF CRITICAL EFFUSION VOLUME FOR DIFFERENT FLOW CONDITONS

The calculated temperature, pressure, and holdup, for different effusion quantity and flow rates are shown in Figs. (5
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- 11). In these figures, x-axis is the distance along the pipeline from the pipe inlet. The four parameters on the y-axis
are:  -ACCLIQBR  is  the  critical  effusion  volume;  HOL  is  the  liquid  holdup;  PT  is  the  pressure;  and  TM  is  the
temperature.

Table 2. The components of natural gas.

Component CH4 C2H6 i-C4H10 n-C4H10 i-C5H12 n-C5H12 C6
+ N2 CO2

mol% 95.49 2.16 0.084 0.0609 0.020 0.0241 0.075 0.659 1.05

Fig.  (6).  The  pressure,  temperature  and  liquid  holdup  along  the  pipeline  with  3100  m3  effusion  volume  and  1000×104  m3/d
throughput.

Fig. (7). The pressure, temperature and liquid holdup along the pipeline with 2700m3 effusion volume and 1500×104m3/d throughput.

Fig.  (8).  The  pressure,  temperature  and  liquid  holdup  along  the  pipeline  with  2100  m3  effusion  volume  and  2000×104m3/d
throughput.

As shown in Figs. (5 - 11), the effusion volume in the pipeline is mainly distributed between the distance 200 and
250 km, which is close to the pipe outlet. However, the holdup is zero near the pipe inlet. As the fluid closer to the pipe
outlet, the temperature and pressure are at their lowest. Hence, liquid condensation is likely to occur. Further, as the
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inlet temperature is higher than outlet temperature, the holdup and the effusion volume are zero.

Fig. (9). The pressure, temperature and liquid holdup along the pipeline with 1100m3 effusion volume and 2500×104m3/d throughput.

Fig. (10). The pressure, temperature and liquid holdup along the pipeline with 400m3 effusion volume and 3000×104m3/d throughput.

Fig.  (11).  The  pressure,  temperature  and  liquid  holdup  along  the  pipeline  with  110  m3  effusion  volume  and  3500×104  m3/d
throughput.

Further, as shown in Figs. (5 - 11), due to the changing terrain, the pressure of the natural gas pipeline also changes
significantly.  The  maximum pressure  is  at  the  distance  about  30  km.  As  the  natural  gas  condensates,  the  liquid  is
accumulated at the low points of the pipeline. The accumulated liquid occupies part of the cross-sectional area of the
gas  pipeline.  Consequently,  the  pressure  in  the  pipeline  increases.  For  larger  effusion  volume,  the  pressure  in  the
pipeline is higher. When the pressure in the pipeline is close to the design pressure of 10 MPa, the effusion volume is at
the maximum. This maximum volume is the critical effusion volume.

Based on Figs. (5 - 11), Table 3 show the critical effusion volume and the maximum pressure in the pipeline for the
corresponding throughput.
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5. DISCUSSION

Based on Table 3, the relationship between the throughput and the critical effusion volume in the pipeline is shown
in Fig. (12).

Table 3. Critical effusion volume and maximum pressure for corresponding throughput.

Throughput
(104m3/d) Critical effusion volume(m3) Maximum pressure(MPa)

1000 3100 9.62
1500 2700 9.78
2000 2100 9.89
2500 1100 9.91
3000 400 9.52
3500 110 9.88

Fig. (12). Relationship between throughput and critical effusion volume in the pipeline.

As shown in Fig. (12), for the range of throughput used in the calculatons, the largest effusion volume is 3100 m3

corresponding to the throughput of 1000×104 m3/d. However, the critical effusion volume decreases with increasing
throughput.

When the throughput increases to 3500×104 m3/d which is close to the design throughput, the effusion volume is
110 m3, which is the smallest effusion volume. This is due to the big difference between the actual operating pressure
and the maximum allowable operating pressure for smaller throughput. Thus, the big pressure difference can prevent
the formation of effusion, so more effusion can be accommodated. However, when the throughput is high, the actual
operating pressure is close to the designed pressure of the pipeline, so the critical effusion volume in the pipeline is
small.

Therefore, it  is recommended that the throughput in the pipeline be increased so as to keep the critical effusion
volume small.

CONCLUSION

Based on the liquid holdup and the capacity of the gas to carry liquid, the effusion volume has been determined.
During the process of the natural  gas transmission,  the lower the temperature and pressure,  the higher is  the liquid
holdup. However, the capacity of the gas to carry liquid is governed by the throughput. According to the model, the
critical effusion volume in the China-Burma natural gas pipeline based on OLGA has been calculated. The results show
that the effusion volume in the pipeline is mainly distributed near the pipe outlet. The critical effusion volume decreases
with increasing throughput.  By increasing the throughput,  this  can reduce the number of  pigging measures and the
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corresponding pigging risk. This has a significant effect on the determination of the pigging cycle.
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