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1. Introduction

Despite the advances in renewable energy,
natural gas is still one of the primary needs for
society and industry. The important issue, after
dehydration and sweetening of natural gas, is
the transmission of natural gas to industries,
cities, and countries. There are methods such
as pipeline, gas compression, conversion of
natural gas to liquid, conversion of natural gas
to valuable liquids, and etc) Thomas, 2003(.
The pipeline method is the most common
method of transporting natural gas in most
countries. However, the transmission of natural
gas through the pipeline has problems such as
the high cost of purchasing and maintaining
compressors at pressure stations, the formation
of gas hydrates, the presence of the two-phase
fluid within the pipeline, noise pollution, and the
cost of servicing and maintaining the pipeline
(Dai et al, 2017; Wenyue, 2013; Wang and Xuan,
2013). Various works have been done to reduce
the problems related to gas transmission in
the pipeline. Shiekh (2013) examined the gas
transmission process in the pipeline to minimize
transmission costs. The results of this study
showed that by optimizing design variables,
such as diameter, the distances between the
pressure stations,and condenseroutlet pressure,
the cost of gas transmission through the pipe
reduced (Shiekh, 2013). Liu et al (2014) studied
the gas transfer process to reduce energy
consumption. The results of this study showed
that by optimizing the pressure station and
temperature parameters, energy consumption
was reduced by 11 to 16% (Liu et al, 2014).
Wu et al (2018) reviewed studies on pipeline
optimization.Finally, they reported optimization
algorithms that required less computation (Wu
et al, 2018). According to the reviewed studies,
all works were focused on optimizing design
variables to reduce the problems and costs of
the gas transmission pipelines. The results of
these researches show that although using
these methods was useful in reducing gas
transmission problems in the pipeline, the use
of new methods for further improvement of the
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performance of gas transmission in pipelines is
needed. Gas transmission in the pipeline in the
dense phase mode is a suggestion to reduce
the problems related to gas transmission in
the normal state. In fact, in the dense phase
state, the density of the fluid is similar to that
of liquids, and its viscosity is similar to the
gases. Due to the dual nature of the fluid, some
problems created during the transfer of gas
in the normal state are eliminated. To transfer
natural gas to the dense phase state, the gas
pressure should be higher than the maximum
pressure in the phase diagram (Cricondenbar)
and also the gas temperature should be higher
than the critical temperature and lower than the
maximum temperature in the two-phase region
(Cricondentherm) (Moshfeghian, 2012; Zivdar
and Abrofarakh, 2021). Despite the advantages
of gas transmission in the dense phase state,
there are not enough studies pertinent to gas
transmission in the dense phase mode. This
study considered the natural gas transmission
of Iran’s fourth pipeline in the dense phase
state. The results of this case were compared
with the results of gas transmission in normal
conditions to show how dense phase has a
better performance.

2. Mathematical
The one-dimensional equations of continuity,
energy and momentum for the gas inside the

pipeline are shown as follows, respectively
(Helgaker and Ytrehus, 2012).

Continuity:
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In these equations p is density, u is velocity,
C, is Heat capacity at constant volume, T is
temperature, p is pressure, fis the friction factor,
and D is the diameter of the pipeline.

3. Case study

In this research, the aim is to transfer the
natural gas of the fourth national pipeline to
the dense phase state and compare it with the
normal mode. Tables 1 and 2 show the natural
gas components and the fourth national pipeline
information, respectively.

Table 1. Gas components of the
fourth national pipeline

Components Percentage of molar fraction (%)
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Figure 1. Different areas of natural gas of the
fourth national pipeline in the phase diagram
According to Figure 1, to transfer the natural

gas to the dense phase, the gas pressure and
temperature along the entire length of the
pipeline should be greater than 974 Pisa and -92
°F, respectively.

G 90
G 5
G 0.6
NC, 0.1
NG 0.06
(@ 0.02
G 0.02
N, 3.2
CO, 1

Table 2. Fourth pipeline information

Parameter value
D (in) 56
Pin (Psia) 1250
Tin (°F) 120

L (km) 1140
n (Ibmol/hr) 250000

Figure 1shows the different areas of natural gas of
the fourth national pipe line in the phase diagram

4. Simulation

In this section, pipeline simulations are
performed in both normal and dense phase state
with Aspen Plus software. One of the important
parameters in the simulation is the selection
of the appropriate thermodynamic package
to calculate the physical and thermodynamic
properties of the system. In this research, the
Peng Robinson thermodynamic model is used
(Kamal, 2002).

4.1. Simulation of the fourth pipeline
in normal mode

The fluid enters the pipeline with the pressure
of 1250 Pisa and enters the pressure station
with a pressure of 1133 Pisa. Each pressure
boosting station includes a compressor and a
heat exchanger whose job is to bring the gas
condition to the inlet state of the pipeline. In
fact, Outlet gas from each section of the pipeline
enters the pressure boosting station, and its
pressure is increased. The temperature is also
increased using a heat exchanger to reach the
inlet temperature. There are 10 pressure boosting
stations along the entire length of the pipeline,
and each station is 114.5 km away from the next
station. The simulation of the fourth pipeline
with Aspen Plus software is shown in Figure 2.
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Figure 2. Fourth pipeline simulation in normal mode

4.1. Natural gas simulation of the fourth
pipeline in dense phase mode

To transfer the gas to the dense phase area,
it should be cooled from 120°F to -60°F at a
constant pressure since the gas inlet pressure is
more than 974 Pisa. Figure 3 shows the cooling
of the inlet gas in a phase diagram.
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Figure 3. Cooling of natural gas at constant pressure

In the dense phase state, gas enters the
pipeline with a temperature of -60°F and a
pressure of 1250 Pisa. Since the pressure drop
in the supercritical state is less than the normal
state, less pressure boosting stations are needed
in the supercritical state. The simulation of the
fourth pipeline in supercritical mode with Aspen
Plus software is shown in Figure 4. According to
the less reduction of the pressure drop, it was
found that the pressure boosting stations has
been decreased from 10 to 4, while the distance
between each pressure station and the next
station is 228 km. The outlet pressure in each
section before entering the pressure boosting
station was equal to 1130 Pisa. In this case, 4
stations are responsible for bringing the gas
to the temperature and natural gas pressure
in the initial state. In fact, the outlet gas from
each section of the pipeline enters the pressure
boosting station, and its pressure increases to
1250 Pisa, then enters the heat exchanger to
reach a temperature of -60°F.

O Temperature (F)

D Pressure (psia)

Figure 4. Fourth national pipeline simulation in dense phase mode
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service and maintenance of the pipeline in
5. Results and discussion the supercritical condition was reduced.

In this research, the fourth pipeline is
simulated in both normal and supercritical
conditions. The results obtained from these two 1
cases are compared as:
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5.1. Temperature and pressure changes , e
in supercritical state dagran

2
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Figure 5 shows the phase diagram of
temperature and pressure changes in the
supercritical state along 228 km of the pipeline.
In this figure, state 1 shows the temperature
and pressure conditions of the inlet, and state 2 ol ' ' ' ' ' . '
shows the outlet conditions. I

400

Figure 6. Gas hydrate diagram: 1: Input conditions
2: Output conditions from the pipeline

5.3. Comparison of the outlet pressure in
both normal and dense phase modes

Figure 7 shows the comparison between the
outlet pressure in both cases of the normal and
dense gas transmission. According to Figure 7,
the output pressure in the dense phase state
is 53% lower than in the normal state. The
reason for the lower output pressure in the

Figure 5. Temperature and pressure supercritical state is the lower viscosity of the
changes in the pipeline in supercritical gas in the supercritical state compared to the
state: 1: Input conditions 2: outlet normal state.
conditions from the pipeline
1260 T T T T
5.2. Checking of hydrate formation in the ~— Honeepnase
supercritical state i I
Figure 6 is considered to check the il
formation of gas hydrate, which is one of =120 ¢
the problems related to the normal transfer ELW_
of gas through the pipeline. According to
Figure 6, it is clear that in the entire length 6o
of the pipeline in the dense phase state, the o |
fluid conditions are far from the hydrate
formation condition as well as the two- "y 2 w o W w w

Lilam)

Figure7. Outlet pressure changes in both dense
phase and normal cases.

phase fluid formation. Due to the absence of
gas hydrates and also the absence of two-
phase fluid inside the pipeline, the cost of
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5.4. Checking the pressure drop in both
normal and dense phase mode

In order to show the difference between
the pressure drops in the pipeline, the
amount of pressure drop at a certain distance
in the pipeline is compared in both cases.
Figure 8 shows the result of this comparison.
According to Figure 8, the pressure drop in the
supercritical mode is 59% less than the normal
mode. Therefore, the number of pressure
stations in the supercritical state is reduced
compared to the normal state. So, the need
to purchase a large number of compressors
and the cost of installation and maintenance
in the gas transmission path is significantly
reduced. Also, due to the high noise created in
pressure boosting stations, with the reduction
of stations, the amount of noise pollution in
the areas will decrease.
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Figure 8. Pressure drop changes in the both

dense and normal cases

5.5. Temperature changes in both normal
and dense phase states

Figure 9 shows the temperature changes
along the pipeline for both normal and dense
phase modes. According to the figure, in both
cases, the temperature changes were almost
the same.
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Figure 9. Temperature changes for the two
cases

5.6. Comparison of compressor power
and heat exchanger energy values in
both normal and supercritical modes

Tables 3 and 4 show the power values of
compressors and heat exchangers in two modes.

Table 3. Compressor power consumption for
the two cases

Compressor power in
dense phase mode (hp)

Compressor power in
normal mode (hp)

56424 141060

According to Table 3, the power values of the
compressors in the supercritical mode is 60%
less than the normal mode, which indicates the
reduction of the problem related to the high
power required for the compressors in the
normal gas transfer process.

Table 4. Energy required in the heat exchangers

Energy of heat Energy of heat
exchangers in exchangers in
supercritical mode (MW) supercritical mode (MW)

563 58.7

According to the results of Table 4, it is clear
that the amount of energy required for the heat
exchanger in the dense phase mode is more
than the normal mode, which is due to the
cooling of the gas in the supercritical process.
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6. Conclusion

In this research, gas transmission simulations
in the pipeline in normal and dense phase
conditions have been performed, and the
performance of these two cases have been
compared. The results of this study showed that
by using the fluid in the dense phase mode, the
gas transmission performance in the pipeline
had been greatly improved so that:

* The outlet pressure in the supercritical
mode was 53% less than the normal mode.
Also, the pressure drop in the supercritical
state was 59% less than usual. Therefore, the
number of pressures boosting stations in
the supercritical mode has been decreased
from 10 stations to 4 stations.

* The cost of installation and maintenance
of compressors was reduced due to a
significant reduction of the pressure
boosting stations. Also, due to the high
noise of the station, with the decrease in
the station numbers, noise pollution in the
areas was reduced.

* Theenergy requirement of the compressors
in the supercritical state was 60% less than
the normal state, which shows a solution
for the problem related to the high power
required for the compressors in the normal
gas transfer process.

* No hydrates and two-phase fluid
were formed along the pipeline in the
supercritical state. So, the cost of servicing
and maintaining the pipeline in the
supercritical state has been reduced.
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Nomenclature

a

Heat capacity at constant volume (J/(kg.K))
Diameter (m)

Friction factor

Length (km)

Pressure (Pa)

Temperature (°C)

Heat transfer coefficient (W/ (m?.K))

Velocity (m/s)

S N v &S MTmmU

<

T Temperature (°C)

T, Ambient temperature (°C)
Greek letters

p Density (kg/m?)
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