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ABSTRACT

In this study, structural theory was used to examine the geometric configuration of channels embedded inside an
object in the presence of internal heat generation for cooling by a heat transfer mechanism. The growth and devel-
opment of gas transmission lines and the lack of up-to-date integrated information systems have made the design
and maintenance of pipelines, as well as the handling of problems caused by various accidents in the pipeline, very
complex in many cases. Using accurate descriptive and spatial information in tolls on gas transmission line maps
such as pipes, booster stations, valves, and forks in a spatial reference database can engage planners, operators,
and paramedics in a variety of management. They are used to help in the direction of optimal and purposeful
management. Therefore, in this paper, by considering appropriate laboratory conditions and numerical experi-
ments and calculations, it is possible to determine the optimal attraction of duct holes for cooling components
of the gas transmission system, so that the industry can produce and developed gas transmission without incident.
In this study, in addition to studying the geometric characteristics of channel spacing and their length, the dimen-
sions of a specific channel for reducing the maximum produced temperature are also discussed
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1 Introduction

Gas transmission from the source to users is vital in the industry, That is, the gas will go from a higher
pressure point to a lower pressure point. Of course, after extraction, the gas has a high pressure sometimes up
to PSI1300, but along its route, it must pass through mountainous and low-lying areas, and of course, passing
through these areas requires overcoming factors such as altitude, gas friction inside the pipe and fittings. Is
relevant. According to Bernoulli’s law, considering natural gas as a complete gas, we will have: The pressure
drop between the two points is proportional to the sum of the changes in velocity, height and pressure drop
due to the friction of the car with the pipeline and related connections. In addition, the branches and uses
taken along the route from the national pipelines cause a pressure drop. Gas booster stations, as their
name implies, will compensate for these pressure drops along the way. In addition, gas is a compressible
material, and its volume can be reduced by increasing the pressure, and as a result, a larger volume of gas
can be transferred under standard conditions [1,2].

Due to the fact that a high percentage of gas consumption is related to domestic and industrial uses such
as power plants and steel industries, and in recent years part of the gas is exported. Areas of consumption to
be sent. The produced gas is sent to the industrial hubs and densely populated cities, including Tehran and
border points, for export through national lines and sub-branches. Each gas transmission line at the inlet
points of the stations has an inlet valve, an outlet valve and a bypass valve that the operator must know
how the mentioned valves work. If the station wants to work on this line, the inlet and outlet valves and
the bypass valve must be closed. Otherwise, the inlet and outlet valves are closed, and the bypass valve is
left open so that the gas flow is free and without pressure in the path [3].

Due to the importance of gas transmission lines as one of the vital arteries and its position in the social,
economic and international arenas for continuous, safe and secure delivery of gas to domestic and foreign
customers, the existence of an integrated information system with Having the necessary tools can be
responsible for two parts of designing and maintaining transmission lines by organizing the required
descriptive data, and its relationship with the place with them on the map can meet many information,
analytical and planning needs of transmission lines [4].

The results of previous articles show that further reduction of the outlet temperature of each station will
save energy consumption, but the possibility of further cooling of gas in each station should be considered
[5]. On the other hand, the possibility of hydrate formation in the pipeline due to cooling should be
considered. The presence of water with the gas flow at low temperatures causes the formation of
hydrates, which can cause channel blockage at low temperatures. To prevent hydrate formation, the gas
temperature should always be kept above the flow hydrate temperature. Due to the fact that the gas
temperature at the end of the pipeline of each station is lower due to heat exchange with the soil, so the
risk of hydrate formation at the end of the pipeline will be higher [6,7].

Also in cold regions of garlic and in cold seasons of the year, the risk of hydrate formation is much
higher than other seasons, and the issue of cooling the exhaust gas from each station should be
investigated more carefully. Types of Cooling Towers: 1. One-Pass Cooling Systems 2. Circulation
Systems 3. Dry Cooling Towers 4. Direct Dry Cooling Systems 5. Indirect Dry Cooling Systems [8].
Each of these cooling systems has its own advantages. In this paper, we want to investigate the effect of
gravity on channel cavities to cool gas transmission components using methods.

2 Method

It is assumed that the transmission network in question consists of one supplier and several consumers.
Also, it is assumed that the system operates steadily and uniformly in each time period, and therefore the
passage of gas within the system is independent of time. Although due to the fluid nature of the gas,
some transient states may occur, due to the small effect of the changes, we ignore it [9]. The network
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consists of supply nodes, demand nodes, transmission nodes and input and output points to the compressor
station.

The purpose of the problem is to determine the optimal attraction of the channel cavities for cooling the
control components of the gas transmission system [10]. Investment costs include the cost of installing canals
and compressor stations, as well as gas transmission system control components [11]. It should be noted that
the operating costs include transmission costs, operating costs of canals and compressor stations (such as
maintenance and power supply), and the cost of purchasing natural gas. In this section, the equation of
total flow and compressible flow in a pipeline as well as different flow regimes in gas transmission
systems (e.g., semi-turbulent and fully turbulent flow) and some transmission equations and their
advantages and limitations. The effect of these factors on system cooling will also be investigated [12].

2.1 Gas Flow Rate
Consider a pipeline that carries natural gas between points 1 and 2 in stable conditions (see Fig. 1).

The forces F1 and F2 affect the gas-particle due to the gas pressure. The force F3 is applied to the gas due
to the weight W of the gas-particle. F4 is the force of friction [13]. The general form of the flow equation is
obtained by adding all the terms together and setting them to zero:
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where the first term is kinetic energy, the second term is pressure energy, the third term is potential energy,
and the fourth term is friction energy [13]. The equation of total natural gas flow in a pipeline in royal units
can be written as follows:

Qb ¼ 38:774
Tb
Pb

:

ffiffiffi
1

f

s ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
P2
1 � P2

2 � 0:0375G:DH :
P2
ave

R:Tave:Zave

Tave:Zave:G:L

vuuut
:D2:5 (2)

where Qb is the gas flow rate at the base condition, Tb is the temperature at the base condition. Pb is the
pressure at the base condition. P1 is gas inlet pressure to the pipeline, P2 is gas exit pressure, G is gas gravity,
dimensionless, DH is elevation change, Pave is average pressure, R is gas constant, Tave is the average
temperature, Zave is compressibility factor at Pave, L is pipeline length, f is friction coefficient,
dimensionless, D is inside diameter of the pipeline.

Figure 1: Shows all the forces acting on a gas particle in a non-horizontal pipeline
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2.2 Flow Regimes
In high-pressure transmission lines with medium to high flow, two types of flow regimes are usually

observed [14]. 1. Completely turbulent flow (rough pipe flow); 2. Semi-turbulent flow (smooth tube flow)

The flow regime is defined as follows:ffiffiffi
1

f

s
¼ 4log10

Reffiffiffi
1

f

r � 0:6 (3)

where f is the cause of friction, it is dimensionless, and Re is the Reynolds number. Eq. (3) is plotted on the
half-log diagram, where the straight line shows the maximum turbulent flow limit (see Fig. 2) [15,16]. All
points to the right of the flow line are quite turbulent, and the points to the left are somewhat turbulent. The
points on the line are in the transition zone. A simple equation that gives the R with proper accuracy in terms
of pipeline parameters:

Re ¼ 20
QsGG
mD

(4)

The design method is based on the full use of pressure drop and the development of the thermohydraulic
model for compact converters [17]. This pressure drop model relates a specific current to the total volume of
the converter and the heat transfer coefficient on the side of the converter. The heat transfer function for
different compact surfaces by Reynolds number is as follows:

j ¼ aRe�b (5)

The term j is known as the Colborn factor and is defined as follows:

j ¼ St:Pr
2
3 (6)

Prantel and Stanton numbers are defined as follows:

Pr ¼ Cpl
k

(7)

Figure 2: Shows completely turbulent/semi-turbulent areas
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St ¼ hAC
mCp

(8)

For the Reynolds number transmission channel, it is a function of the hydraulic diameter of the surface
and is defined as follows:

Re ¼ mdh
lAC

(9)

As a result, the heat transfer coefficient is h:

h ¼ Kh
1
AC

� �1�b

(10)

AC is the free surface current, and Kh is as follows:

Kh ¼ aml1�bbCp

dhbPr
2
3

(11)

Eq. (10) expresses the heat transfer coefficient as a function of physical properties, the mass velocity of
flow and the free surface of the flow.

2.3 The Effect of Different Parameters on the Hydraulic Capacity and Flow Rate of Gas Transmission
Lines
Hydraulic parameters are basic parameters that affect the behaviour of gas flow during transmission.

They fall under the four broad headings shown in Table 1.

3 Results and Discussion

In this paper, we first briefly introduced the gas transmission network and its main components, which
included pipelines, booster stations, etc., and then a mathematical model was presented to determine the
location of pipelines and the optimal number of booster stations. In this model, it is assumed that the

Table 1: Hydraulic parameters of the channel

Pipe parameters Heat transfer parameters

1 Diameter 1 Burial depth

2 Length 2 Soil temperature

3 Roughness 3 Soil thermal conductivity

4 Drag factor 4 Insulation thermal conductivity

System parameters 5 Insulation thickness

1 Inlet pressure Gas parameters

2 Outlet pressure 1 Specific gravity

3 Flowing gas temperature 2 Viscosity

4 Elevation change 3 Compressibility factor
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network is in a stable state. In the next step, the model developed by the software and data of the gas
transmission network in Iran was solved [18,19].

The design shows the desired cavities in terms of surface, volume and overall heat transfer coefficient. In
designing these cavities, it is necessary to have the surface specifications that are involved on both sides of
the heat channel. As a result of these studies and experiments, we find the parameters affecting the efficiency
of the gas transmission control network. Modification of the geometric structure of the middle part: by
examining the gas velocity in the channel, it is determined The side parts and areas are close to the
channel wall and this indicates that one of the important and effective factors in reducing the efficiency of
the gas transmission system components is the improper geometry of the channel section or air passage
chamber. In fact, the geometric structure of this part has a very significant effect on reducing the heat of
this part of the system [20–22].

Therefore, if the geometric structure of the middle part is modified, the working efficiency of the gas
transmission components system will increase [23]. Height correction of parts of the duct: the direction of
the outlet airflow in the direction of the axis and perpendicular to the cooling holes of the duct. Due to
the high values of speed and with regard to the above, air profiles are more inclined to leave the middle
of the channel as soon as possible and enter the cooling holes of the channel. In fact, the parameters of
high speed and vertical direction of airflow reduce the possibility of directing airflow to the side parts
close to the wall. One way to solve this problem is to increase the height of the middle part of the duct
and the cooling holes so that the angle of the airflow is somewhat adjusted and the air molecules have
more opportunity to contact more space in the middle part [24,25]. In other words, as the height of the
middle part or air passage chamber increases, it indicates an increase in the rate of heat transfer of the set
of pipes and as a result, the efficiency of the working conditions of the gas transmission channel
increases. Due to the significant increase in heat transfer coefficient by the cavities and the high values of
the recourse number as well as the expressed space limitation, this important and influential factor should
be examined more carefully. According to experiments and modelling, the results of the effect of
changing the size of the cavities on keeping the components of the gas transmission system cool can be
seen in the following Table 2:

Table 2: Summary of results, design criteria and study of the effect of cavities

Pipe
parameters

Variation in parameter Change in flow
(MMSCFD) for AGA fully
turbulent

Remarks

Diameter 30 in < D < 64 in
Step size = 2 in
Change = 6.6666% increase

745.1317 < Q < 5642234
Average change per step
size = 38.6596 % increase

———————

5.7989% flow change for 1% parameter change

Length 20000 ft < L < 30000 ft
Step size =1000 ft
Change = 5% increase

4807.315 > Q > 3925. 157
Average change per step
size = 1.8350% decrease

———————

0.3670% flow change for 1% parameter change

Effective
roughness

0.0001 in < Ke < 0.001 in
Step size = 0.0001 in
Change = 100% increase

Average change per step
size = 1.7623% decrease

Ke ¼ Ks þ Ki þ Kd

0.0176% flow change for 1% parameter change
(Continued)
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As can be seen in Figs. 3 and 4, by increasing the diameter of the pipe and the coefficient of the tension
of the pipe, by increasing the diameter and coefficient of drag, due to the reduction of pressure, it can increase
the flow strength to maintain the same conditions [26–28].

Table 3 and Fig. 5 show the effects of the heat transfer parameter on the flow.

It is noteworthy that by reducing the heat transfer to the environment and reducing the tendency to liquid
formation and phase change, the losses are reduced, and the flow capacity in the pipeline is increased.

Table 2 (continued)

Pipe
parameters

Variation in parameter Change in flow
(MMSCFD) for AGA fully
turbulent

Remarks

Drag
Factor

0.92 < Df < 0.98
Step
size = 0.01 Change = 1.0869%
increase

4462.411 < Q <
4753.446 Average change
per step size = 1.0869%
increase

Drag factor varies from 0.92–
0.98 for typical operating
pipelines in the partially
turbulent flow regime

1% flow change for 1% parameter change

Figure 3: The impact of pipe drags factor ratio change on gas flow ratio

FDMP, 2022, vol.18, no.4 1105



Figure 4: The impact of pipe diameter ratio change on gas flow ratio

Table 3: Summary of results, design criteria and parameters impact study

Heat transfer parameters Variation in parameter Change in flow (MMSCFD) for AGA fully turbulent

Buried depth 3ft < BD <5 ft 3964.413 < O < 3966.285

Step size = 05ft

Change = 16.6666% increase Average change per step-size = 0.011896

0.0007% flow change for 1% parameter change

Soil temperature 500R < Ts < 550R 3961.923 < Q < 3965.510

Step size = 10 R

Change = 2% increase Average change per step size = 0.0231%

0.0115% flow change for 1% parameter change

Soil thermal conductivity 0.1 < Stc < 1.6 3967.448 > Q > 3955.035

Step size = 0.3

Change = 300% increase Average change per step-size = 0.0625

0.0002% flow change for 1% parameter change

Insulation thermal conductivity 0.1 < ltc <1.6 3964.689> Q > 3964.406

Step size = 0.3

Change=300% increase Average change per step-size = 0.0014

0.000004% flow change for 1% parameter change

Insulation thermal conductivity 0.67 ft < lt < 0.72 ft 3958.24 < Q < 3958.481

Step size = 0.01 ft

Change = 1.4925% increase Average change per step-size = 0.0318

0.020% flow change for 1% parameter change
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4 Conclusion

The proposed methods lead to the least changes in the overall structure of cooling system and increase its
efficiency. It can be concluded that by performing proper controls of different parts of the tower and making a
series of changes, the efficiency of the cooling system was improved, which results in the creating efficient
cooling. Further cooling of the exhaust gas from the station, in addition to reducing the gas pressure drop in
the pipeline, would also reduce the fuel consumption in the compressors. It was also concluded that the
measured temperature in contact with the channel walls was lower than the actual conductor temperature
in the same peripheral and radial location. So, the difference increases with increasing heat production
and the height of the horizontal channel. More work is needed to complete the design of partial cooling
systems and its optimal control rate. The impact of these systems on the structure and configuration of
gas transfer system control components also requires further studies.
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