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ABSTRACTــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
Natural gas transmission processes in the pipeline encounter 

many problems, such as the high cost of purchasing and maintaining 

compressors in pressure boosting stations, the formation of gas hydrates, 

the formation of two-phase fluid, noise pollution, and service and 

maintenance costs of the pipeline. To solve these problems, natural gas 

transmission in the supercritical state (dense phase state) is recommended. 

Unfortunately, there is limited information on the transmission of natural 

gas in the dense phase. In this research, the natural gas transmission of 

Iran’s fourth national pipeline in the supercritical state has been studied, 

and the results have been compared with the normal state. By performing 

this process in the dense phase mode, the number of pressure stations 

was reduced from 10 stations in the normal mode to 4 stations in the 

dense phase mode. The results of this study also showed that the pressure 

drop and energy of compressors in the dense phase state were reduced 

by 59% and 60%, respectively.
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ــــــــــــــــــــــــــــــــــ
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 condenser outlet 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 

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.

ـــــــــــــــــــــــــــــــــــــ
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: 

                                                           (1)

Energy:

  (2)

Momentum:

    (2)
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In these equations ρ is density, u is velocity, 
Cv is Heat capacity at constant volume, T is 
temperature, p is pressure, f is the friction factor, 
and D is the diameter of the pipeline.

ــــــــــــــــــــــــــــــ
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 (%)

C1 90

C2 5

C3 0.6

NC4 0.1

NC5 0.06

C6 0.02

C7 0.02

N2 3.2

CO2 1

Table 2. Fourth pipeline information

Parameter value

D (in) 56

Pin (Psia) 1250

Tin (ºF) 120

L (km) 1140

n (Ibmol/hr) 250000

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

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 
ºF, respectively.

ــــــــــــــــــــــــــــــ
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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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 120ºF to -60ºF 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.

Figure 3. Cooling of natural gas at constant pressure

In the dense phase state, gas enters the 
pipeline with a temperature of -60ºF 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 -60ºF.

Figure 4. Fourth national pipeline simulation in dense phase mode

Figure 2. Fourth pipeline simulation in normal mode
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ــــــــــــــــــــــــــــــــــــــــــــــــــــــــ
5. Results and discussion

In this research, the fourth pipeline is 
simulated in both normal and supercritical 
conditions. The results obtained from these two 
cases are compared as:

5.1. Temperature and pressure changes
        in supercritical state

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 
shows the outlet conditions. 

Figure 5. Temperature and pressure 
changes in the pipeline in supercritical 

state: 1: Input conditions 2: outlet 
conditions from the pipeline

5.2. Checking of hydrate formation in the
        supercritical state

Figure 6 is considered to check the 
formation of gas hydrate, which is one of 
the problems related to the normal transfer 
of gas through the pipeline. According to 
Figure 6, it is clear that in the entire length 
of the pipeline in the dense phase state, the 
fluid conditions are far from the hydrate 
formation condition as well as the two-
phase fluid formation. Due to the absence of 
gas hydrates and also the absence of two-
phase fluid inside the pipeline, the cost of 

service and maintenance of the pipeline in 
the supercritical condition was reduced. 

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 
supercritical state is the lower viscosity of the 
gas in the supercritical state compared to the 
normal state. 

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

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.

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 
exchangers in 

supercritical mode (MW) 

Energy of heat 
exchangers in 

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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ـــــــــــــــــــــــــــــــ
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:

 y 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.

 y 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.

 y The energy 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.

 y 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.

ــــــــــــــــــــــــــــــــ
Nomenclature

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

D Diameter (m)

F Friction factor

L Length (km)

P Pressure (Pa)

T Temperature (°C)

U Heat transfer coefficient (W/ (m2.K))

u Velocity (m/s)

T Temperature (°C)

Ta Ambient temperature (°C)

Greek letters
ρ Density (kg/m3)

ـــــــــــــــــــــــــ
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چکیــــده

در فرایند انتقال گاز طبیعی در خط لوله مشکلاتی نظیر هزینه ی بالای خرید و نگهداری كمپرسور ها در ایستگاه های تقویت فشار، 
تشکیل هیدرات گازی، تشکیل جریان دوفازی، آلودگی صوتی و هزینه بر بودن سرویس و نگه داری خطوط لوله وجود دارد . برای كاهش 
این مشکلات انتقال گاز طبیعی در حالت فوق بحرانی پیشنهاد می شود. متأسفانه اطلاعات بسیار محدودی در زمینه انتقال گاز طبیعی در 
حالت فوق بحرانی وجود دارد. در این تحقیق انتقال گاز طبیعی خط لوله سراسری چهارم ایران در حالت فوق بحرانی بررسی شده و نتایج 
آن با انتقال گاز در حالت معمولی  مقایسه شده است. با انجام فرایند در حالت فوق بحرانی، تعداد ایستگاه های تقویت فشار از ۱۰ ایستگاه 
در حالت معمولی به 4 ایستگاه كاهش یافت. همچنین نتایج این تحقیق نشان داد كه افت فشار و انرژی كمپرسورها در حالت فوق بحرانی به 

ترتیب به اندازه ۵۹٪ و ۶۰٪ نسبت به حالت معمولی كاهش یافته است.

واژگان كلیدی:‌حالت‌فوق‌بحرانی،‌انتقال‌گاز‌طبیعی،‌خطوط‌لوله،‌شبیه‌سازی


