Pre prints.org

Article Not peer-reviewed version

Study, Modelling and Computing of
Pressure Losses in GH2 Pipelines

Akshay Bambore i , Patrick Hendrick , Jean Philippe Ponthot

Posted Date: 5 January 2026
doi: 10.20944/preprints202601.0245.v1

Keywords: hydrogen pipeline; pressure losses; pressure loss equation model; material roughness; friction
factor; Reynolds number

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/4920618
https://sciprofiles.com/profile/428601
https://sciprofiles.com/profile/399127
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 5 January 2026 d0i:10.20944/preprints202601.0245.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Study, Modelling and Computing of Pressure Losses
in GH: Pipelines

Akshay Bambore 1*, Patrick Hendrick ! and Jean Philippe Ponthot 2

I Department of Aero-Thermo-Mechanics, Université Libre de Bruxelles, F.D Roosevelt, Avenue 50, 1050
Brussels, Belgium

2 Department of Aerospace and Mechanics, University of Liege Polytech Quarter, 1 Allée de la Découverte 9,
4000 Liege 1, Belgium

* Correspondence: akshay.bambore@ulb.be

Abstract

The Wallonia region of Belgium aims to transition to a modern hydrogen infrastructure. Since
hydrogen is much lighter than natural gas, so it is important to understand its nature and behavior
while transporting through pipelines. This research aims to observe the pressure loss in pipelines due
to surface roughness with Hz and other singular losses to find a solution to minimize the amount of
pressure loss that occurs during transportation. This study involves numerical methods and gas
equation models to determine thse pressure loss. This analysis includes the properties of hydrogen
gas, pipeline material used, friction factor, pipeline efficiency, and other relevant properties of
hydrogen and the pipelines. To address this challenge, this study integrates numerical fluid dynamics
methods with structural modelling of pipeline walls. It accounts for long-term friction effects, erosion
over several years, radial pressure gradients (mixing pressure drop), acceleration effects, and gravity
influences, considering the non-ideal behavior of gaseous hydrogen (GH2).

Keywords: hydrogen pipeline; pressure losses; pressure loss equation model; material roughness;
friction factor; Reynolds number

1. Introduction

Hydrogen is a key component of green transition. As a result, countries are investing in
hydrogen-based solutions to accelerate the transition to a low-carbon economy. The importance of
hydrogen as an energy source arises from its extraordinary potential to address the converging
problems of energy security and environmental sustainability. Hydrogen is a lightweight and
abundant element with important implications for transportation via pipelines as it has low
molecular weight and high diffusivity, making it efficient for movement in pipeline systems.
However, hydrogen presents challenges such as leakage and material embrittlement [1,2]. This work
examines the importance of hydrogen as an energy carrier, its physical, chemical properties and
numerical modelling of hydrogen flow in pipelines, recent advancements in flow experiments,
existing challenges of utilizing pipelines for hydrogen gas flow, and solutions. Hydrogen transport
encompasses various modes, such as pipelines, tank trucks, and chemical carriers like ammonia. The
prominent mode of hydrogen storage is high pressure storage and transportation in compressed gas
containers. Another effective transportation method is through pipelines [3]. This mode of
transportation establishes continuous, high-volume and cost-effective transportation over long
distances. In the practical world, one of the potential ways to transport hydrogen gas is through
natural gas pipelines. One such example in the UK is Project H21, which utilized the existing natural
gas pipeline infrastructure to transport hydrogen gas. Any pipeline network consists of chains of
distribution networks, such as gathering, transmission, distribution, service lines, re-compression of
H: gas pressure using a compressor on transmission lines[4].
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The focus of the current study is on transportation pipelines, which are used to transport
hydrogen over long distance. In the process of hydrogen transmission, pressure loss is major factor
that resists the amount of hydrogen transportation to minimize the effect of pressure drop, various
factors must be considered including pipeline length, diameter, material surface roughness, friction
factor, operating pressure value, volumetric flow rate and hydrogen gas properties. In addition,
factors that causes pressure drop, such as leakage and safety valves, must also be considered because
an unexplained drop is sign of hydrogen releases which could lead to explosion due to the hydrogen’s
highly flammable character. To compute pressure loss accurately leakage and safety value has to been
taken consideration that provides baseline if actual pressure is lower than the calculated pressure to
avoid unexpected pressure drop.

In this study, the pressure drops in a transportation pipeline carrying hydrogen gas were
calculated for a fixed high volumetric flow rate and a pipeline distance of 100 km to observe the
pressure drop value for different operating pressure values ranging from 50 to 120 bar [3]. At this
moment, no compression station is considered because the distance considered here is optimal, and
also no elevation difference condition is considered.

2. Materials and Methods

Pipelines can be made from a wide range of materials that show relative contributions per
distance by gas of various types. Carbon steel is the alloy in hydrogen gas transmission pipelines.

Steels used in hydrogen pipeline services should have a maximum hardness of approximately
22 HRC (Hardness Rockwell C) or 250 HB (Hardness Brinell). This hardness limit is approximately
equivalent to a tensile strength limit of approximately 800MPa. Materials with low-strength steels is
sometimes recommended for H2 pipelines. In this study, material API X52 and its properties were
used, as it is the most widely used material in pipelines, and the pressure loss calculation was based
on the same material roughness values [3,5].

The Figure 1 shows the transportation of hydrogen gas through pipeline. The flow of hydrogen
gas is due to principle of pressure difference induced flow. The interaction between viscosity of gas
and friction with pipe wall encounters the pressure drop. As velocity of gas inside pipeline increases
the pressure drop will increases proportionally. To overcome larger pressure drop compression
stations needs to installed at distance of 80-100km. The functionality of compressor station restores
the pressure losses when hydrogen gas needs to travel long distances. During this action of hydrogen
gas transport, maintaining the gas velocity with in the limit which is called as erosional limit is very
important to avoid any catastrophic situation within the line of pipeline connections. This erosional
velocity limit is shown in Figure 2 with respect to operating pressure of pipeline.

Compression Compression

station station

»
»
Flow direction

A A

Pmux

Pmin

»
»

Length of pipeline

Figure 1. Schematic representation of a hydrogen gas pipeline.
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Figure 2. Erosional velocity limit corresponding to Hz pressure.

3. Method of Computing and Validation of Equation Model

To begin with, the computation of pressure drop involves many models available. In this study,
the American Gas Association (AGA) model was used. This model was is that the equation has
surface roughness and pipeline efficiency factors inside, which have a direct influence on pressure
loss. The other models are named as follows.

e  Panhandle A equation
e  Panhandle B equation
e Weymouth equation

e  General flow equation

To calculate the pressure loss, the AGA (American Gas Association) equation is given by the
numerical equation [6].

0018+ () B xdx togyg (C0) ¢ (P " d2s 1
Q=0.018+ (g)* e Oglo( £ )* y * L * Tavg * Z * @

Q - Flow rate of gas at standard conditions(m3/s)

Ts- Base H2 Temperature (K)

Ps - Base Hz Pressure (bar)

E - Pipeline efficiency (typically between 0.8-1)
1 in the absence of field data (also for a new straight pipe with no diameter change)
0.95 for very good operating conditions, typically through the first 12-18 months
0.92 for average operating conditions
0.85 for unfavorable operating conditions

d - Internal diameter of pipeline (m)

P1-Inlet Hz pressure (bar)

P2 — Outlet Hz pressure (bar)

S - Specific gravity 0.0696 for Hz (dimensionless)

L - Length of pipeline (km)

Z - Compressibility factor of H2gas (dimensionless)

€ - Absolute Surface Roughness of material (m)

y - Relative density of flowing gas for hydrogen (0.0696)

Tavg- Average temperature of Hz gas (K)
The friction factor f was calculated using the Colebrook-White of equation (2):
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f - Friction factor (dimensionless)
¢ - Pipeline material roughness (m)
D - Internal diameter of pipeline (m)
Re - Reynolds number, which is calculated by equation (3):
R, = PVrr;taxD 3)
R,- Reynolds Number (dimensionless)
p - Density of Hydrogen gas (0.083 kg/m?)
U - Dynamic viscosity of H gas (8.76 x 107 Pa.s)
Vmax - Velocity of hydrogen gas flow (m/s)
D - Diameter of pipeline (m)
V is the H2 gas velocity, calculated using the equation (4).
— Pp\ (2T Q
v=14734(2) (5) (%) 4)

P» - Base pressure (bar)
T» - Base temperature in (K)
Z - Compressibility factor of H2 gas (dimensionless)
T - Flow temperature of hydrogen (K)
P - Inlet pressure (bar)
D - Diameter of pipeline (m)
Q - Gas volumetric flow rate (m3/s)
The pressure drop Ap is calculated for a given flow rate Q in m3/s, a diameter of pipeline D, and
a given length L of pipeline, the outlet pressure P2 is calculated by equation (5):

P,= AP — P, (5)

P2 - Pressure at outlet (bar)
AP- Pressure difference in (bar)
P: - Pressure at inlet in (bar)
The erosional velocity represents the upper limit of the gas velocity in the pipeline. Higher
velocities can cause pipe wall erosion over a time. In AGA, the erosional velocity Vmaxis calculated

Vnax = 100 /0.05131 = (6)

by equation (6):

Vmax - Erosional velocity (m/s)

P - Gas pressure (bar)

T - Gas temperature (K)

Z is the compressibility factor of Hz gas (dimensionless)
R - Ideal gas constant (J/kg K)

Transmission factor F is considered to be the opposite of the friction factor f. Whereas the friction
factor indicates the difficulty of moving a certain quantity of gas through a pipeline, the transmission
factor is a direct measure of the amount of gas that can be transported through the pipeline. As the
friction factor increases, the transmission factor decreases and therefore, the gas flow rate also
decreases [7]. Conversely, the higher the transmission factor, the lower the friction factor, and
therefore, the higher the flow.

. @)

F — Transmission factor (dimensionless)
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\/? — Friction factor (dimensionless)

In this study, gas was considered to flow from point 1 to point 2, and the pipeline shape was
cylindrical. If Pi=P, there would be no driving force for gas to flow. The gas flow is primarily due to
the pressure difference between the two points and partly due to the elevation difference (H2>-Hz). As
the gas flows through the pipe, it encounters a drop in pressure owing to the friction between the
flowing gas and pipe wall. It is therefore the reason that encounters that the higher the pipe roughness
and length, the higher the pressure drop. There are additional losses, such as frictional losses due to
elbows, branching and control valves. The velocity (V) of the gas, which is proportional to the
volumetric flow rate (Q) [9], also changes depending on the cross-sectional area (A) of the pipe and
the pressure and temperature of the gas.

Considering the elevation parameter, there can be two cases: first, pipeline without an elevation
difference shown in Figure 3 and second, pipeline with an elevation difference, that is, a height
difference between two segments of a pipeline Figure 4 . When the pipeline is assumed with an
elevation difference, then an additional parameter comes into existence, that is, the elevation
adjustment parameter and is dimensionless given by equation (6).

s =0.0684G (%) ©)
f

Hi and Hz - Inlet and outlet elevations (m).
s - elevation adjustment parameter (dimensionless).
Z- Compressibility factor (dimensionless)
Tt — Gas flow temperature in (K)
Considering the effect of elevation, the length of the pipeline is now addressed as an equivalent
length, which is represented as equation (9):

Le=1(22) )

N

Gas flow direction
 —

Inlet pressure elevation H, Inlet pressure elevation H,

Figure 3. Schematic representation of a GH2 pipeline with no elevation difference.
With this L in equation (1), is replaced with Le, the equivalent pipe length in km.

Q=008+ (2):5-4x tog (22) + (Y 0 "

Y*LexTavgxZ

A study on the influence of temperature was conducted. All real gases have an inversion
temperature at which the Joule-Thompson coefficient changes its sign. At room temperature, this
coefficient is positive for most gases, except for hydrogen, neon, and helium. The Joule-Thompson
coefficientis 0.5 °K/bar for natural gas and -0.035 °K/bar for hydrogen. To establish the temperature
effect, Equation [10,11] are used to determine the temperature values, and it is observed that there is
no high spike increase in temperature.

Hydrogen behaves differently and has a Joule-Thomson coefficient wr at 1 bar and 300K around
-0.03 K/bar. The negative sign indicates that under these conditions, hydrogen is heated during
expansion. The Joule-Thomson co-efficient for different gas temperature of hydrogen is shown in
Figure 5. However, the low absolute value of the Joule-Thomson coefficient means that, in practice,
the temperature increase of hydrogen will be quite small, apart from in the case of large pressure
changes in a hydrogen refueling station.
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Figure 4. Schematic representation of a GH2 pipeline with elevation difference.
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Figure 5. Joule-Thompson co-efficient for hydrogen gas at different temperatures.
The final temperature was calculated using the equation (11).
I,=T+ #/T(Pz_Pl) (11)

T2 - Final temperature (K)

T1 - Initial temperature (K)

P1 and P2 - Initial and final pressure (bar)
Uy -Joule-Thomson coefficient (K/bar)

4. Simulation Setup

Computation Fluid Dynamics (CFD) software ANSYS Fluent 2022R1 version was used to
perform the simulation in order to analyze the mathematehical model and CFD to make it scalable
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for CFD analysis the geometry of model was scaled to 100m in length and 0.1m in diameter as initial
stage to analyze and understand the pressure loss phenomenon in a system [12,13]. Addition to this
following parameters were considered (i) material API X52 and its properties [12] (ii) hydrogen gas
properties (iii) prevent reverse flow during simulation (iv) material surface roughness 0.02mm.

As the flow was turbulent in the system k-¢ turbulent model[14] was selected for the simulation
of hydrogen gas in the X52 steel pipe material. The reason for this model is its importance and
robustness, which makes it a stable and reliable starting point if CFD analysis. While the AGA
equation focuses on pressure loss due to material surface roughness and friction factor the k-e RANS
model focuses on the work done by the fluid and solving the Navier-Stoke equation. The
implementation of surface roughness in ANSYS Fluent was performed using wall functions with an
equivalent roughness height to represent the overall effect on shear stress and turbulence. Roughness
modifies the wall boundary condition through the roughness height ks in the wall function thereby
increasing the shear stress that affects the amount of pressure loss. This is explained with the equation
of state

up= 22 (12)

Shear stress is function of friction factor

7, =120 (13)
u =0 [£ (14)
k= T (15)

k¢ represents dimensionless roughness height with an increase in the roughness height ks the
k{increases which results an increase in pressure loss.

3.1. Meshing

Figure 6 represents mesh performed, and a generated total of 2396841 elements were created
with a mesh element size of 5mm to build the geometry. In addition an inflation layer was applied to
refine the near-wall regions of the mesh a total of 5 layers were added. An inside visualisation mesh
inspection was made on model to check the mesh quality as shown in Figure 7.

Figure 6. Inflation layer on the model.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 7. Isometric mesh view inside a pipe.

5. Results

In this study, two extreme conditions were considered: when a pipeline with an internal
diameter of 1m is in a new condition with a material roughness of APIX52 is of 0.02mm, and when
the pipeline is severely corroded with the same material, increasing its roughness to 1.5mm due to
more usage over the period. The related pressure losses were computed using the same volumetric
flow rate of 100m?/s, and the distance considered was 100km with no compression station in between
and no elevation difference. An inlet pressure of 50bar was assumed because most of the existing
natural gas pipelines are equipped to operate at approximately 50-120 bar at 100m3/s volumetric flow
rate. All units used in this calculation are SI units.

Using the AGA equation, a numerical computation was performed using the Python tool. The
results were observed for a distance of 100km. With the lowest initial pressure of 50 bar and the
highest initial pressure of 120 bar for 0.02mm material roughness, the pressure losses obtained were
29.92 bar and 9.08 bar, respectively, and the gas velocity at the outlet was 77.25m/s and 13.98m/s
respectively. With the same conditions, when material roughness is 1.5mm, the pressure losses are
60.66 bar for the lowest initial pressure of 72 bar and 23.34 bar for the highest initial pressure of 120
bar, with outlet velocity found to be 136m/s and 16.04m/s, respectively. It is also observed that as the
roughness increases, the initial pressure also increases to make the gas flow through the pipelines.
Table 1 shows the pressure loss computed for an initial pressure of 50 to 120 bar and graphical
representation is shown in Figure 8. The corresponding gas velocity in comparison with actual
velocity for surface roughness 0.02mm is shown in Figure 9. The relation between fricition factor and
Reynolds number for 0.02mm is shown in Figure 10. As the roughness of the material increases, the
initial pressure should be increased. The reason to increase the initial pressure is that the pipeline
system is not in a condition to accept the pressure values that are used when the pipeline is in good
condition with low roughness. Table 2 shows the pressure loss when the surface roughness is 1.5mm
The pressure loss when roughness is 1.5mm is shown in Figure 11. The corresponding gas velocity
in comparison with actual velocity for surface roughness 1.5mm is shown in Figure 12. The relation
between fricition factor and Reynolds number for 0.02mm is shown in Figure 13.

In this work it is also observed the relation between friction factor and Reynolds number that
establishes the inversely propotional relation. The fricition factor is higher for lower Reynolds
number and lower for higher Reynolds number. The physics behind this nature is when the flow is
turbulant for lower Reynolds number viscous effect are still significant this causes higher wall shear
stress that inturn makes friciton factor higher. The effect of surface roughness on fricition factor and
Reynolds number for different roughness values is shown in Figure 14.

The CFD model k- e model was selected to establish a comparison between CFD and AGA model
for surface roughness of 0.02mm. The comparison was made based on dP/dx area weight average
was used for inlet and outlet region of CFD to compute pressure losses over length of 100m as shown
in Figure 15 and the velocity profile of gas is shown in Figure 16. The AGA and CFD results were
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computed for 100m and close comparison of pressure loss and velocity of gas were made as shown
in Table 5. Using this as a base reference calculations were made for 100km distance pipeline as
shown in Table 6

Table 1. Pressure loss for 100km with material roughness 0.02mm using AGA.

Initial pressure  Final Pressurein ~ Pressure Difference Velocity Reynolds Friction
in bar bar in bar m/s Number factor
50.00 20.08 29.92 77.25 792606.00 0.014896
60.00 30.77 21.23 50.41 517220.00 0.015377
70.00 52.95 17.05 29.29 300523.00 0.016257
80.00 65.60 14.40 23.64 242552.00 0.016668
90.00 77.48 12.52 20.02 205410.00 0.017022
100.00 88.90 11.10 17.45 179041.00 0.017349
110.00 100.02 9.98 15.51 159136.00 0.017639
120.00 110.92 9.08 13.98 143438.00 0.017946

Initial Pressure vs Pressure Loss
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Figure 8. Pressure loss vs initial pressure for surface roughness of 0.02mm.
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Figure 9. Erosional velocity and actual velocity for a given gas pressure.
Reynolds Number vs Friction Factor
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Figure 10. Reynolds number and friction factor for surface roughness 0.02mm.
Table 2. Pressure loss for 100km when the material roughness is 1.5mm using AGA.
Initial pressure  Final Pressure Pressure Velocity Reynolds Friction
in bar in bar Difference in bar m/s Number factor
72.00 11.34 60.66 136.80 1403605.00 0.011043
80.00 36.67 43.33 42.30 434009.00 0.013534
90.00 55.17 34.83 28.11 288416.00 0.014555
100.00 70.31 29.69 22.06 226341.00 0.015277
110.00 83.93 26.07 18.48 189609.00 0.015836
120.00 96.66 23.34 16.04 164574.00 0.016275
Initial Pressure vs Pressure Loss
60.66 —— Pressure Difference (bar)
60 Surface roughness: 1.5 mm
55
50
T;’ 45
g 40
£3s
30
25

70 80 90 100 110 120
Pressure (bar)

Figure 11. Pressure loss vs initial pressure for surface roughness of 1.5mm.
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Comparison: Erosional Velocity vs Actual Velocity
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Figure 12. Erosional velocity and actual velocity for given gas pressure.
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Figure 13. Reynolds number and friction factor for surface roughness 1.5mm.
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Figure 14. Reynolds Number and friction factor relation for different surface roughness values.
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Table 3. Change in temperature of Hz gas for surface roughness of 0.02mm.

Initial Pressure | Final Pressure Initial Final Temperature | Percentage of temperature
in bar in bar temperature in K inK difference in%
50 20.08 300 301.05 0.35
60 30.77 300 301.02 0.34
70 52.95 300 300.60 0.19
80 65.60 300 300.50 0.16
90 77.48 300 300.44 0.14
100 88.90 300 300.39 0.12
110 100.02 300 300.35 0.11
120 110.92 300 300.32 0.10

Table 4. Change in temperature of Hzgas for the surface roughness of 1.5mm.

Initial Pressure Final Pressure | Initial temperature | Final Temperature Percentage of
in bar in bar inK inK temperature differ
ence in%
72.00 11.34 300 302.12 0.70
80.00 36.67 300 301.52 0.50
90.00 55.17 300 301.22 0.40
100.00 70.31 300 301.04 0.34
110.00 83.93 300 300.91 0.30
120.00 96.66 300 300.82 0.27

Table 5. Comparison between AGA and CFD results for 100m pipe length (roughness = 0.02mm).

Initial Pressure in bar Velocity of H2 gas in m/s Pressure Loss in bar
AGA CFD AGA CFD

50 73.78 63.39 0.043 0.053

60 61.20 52.96 0.039 0.045

70 52.40 45.43 0.036 0.039

80 45.95 39.75 0.031 0.036

90 40.68 35.36 0.029 0.032

100 36.59 31.84 0.025 0.029

110 33.25 28.95 0.022 0.025

120 30.46 26.55 0.015 0.021

Table 5. Comparison between AGA and CFD results for 100m pipe length (roughness = 0.02mm).

Initial Pressure in bar Velocity of H2 gas in m/s Pressure Loss in bar
AGA CFD AGA CFD

50 73.78 63.39 43.39 45.12

60 61.20 52.96 39.45 41.24

70 52.40 4543 36.63 39.78
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80 45.95 39.75 31.21 36.63
90 40.68 35.36 30.23 32.59
100 36.59 31.84 25.11 29.81
110 33.25 28.95 22.01 25.33
120 30.46 26.55 15.23 21.58
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Figure 15. H2Pressure losses over a distance of 100m for different gas pressures (rough ness = 0.02mm).
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Figure 16. Velocity profile of H2gas in pipeline for surface roughness 0.02mm.

5. Conclusions

Determining basic thermodynamics parameters of transported gas as a function of pipeline
length is helpful in the calculation of pressure drop. With Hz the pressure drop is high at low initial
pressure values and low at high initial pressure values, which is due to the pretty much different
velocity of gas that is travelling inside the pipeline. As the pipeline ages, the material roughness
increases with time, due to which it is observed that the pressure losses are even higher, and it is not
possible to start the gas at an initial pressure of 50 bar like when the pipeline is in new condition. The
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compression station has been excluded in this current analysis to quantify the pressure loss resulting
from its absence.

In this present state of work two extreme cases of pipeline conditions have been used which are:
when pipeline is in new condition and secondly when pipeline is severely corroded that impacts
change of roughness of material. Further the work analyzes variations in volumetric flow rate to
determine their impact on pressure loss and flow conditions within the pipeline.

The role of pipeline efficiency is seen as important. Pipeline efficiency is representation of
pipeline operation conditions with the time of usage. Typical values are as follows: 0.8 for
unfavorable operating conditions, 0.92 for average operating conditions, 0.95 for very good operating
conditions, typically through first 12-18 months, 1 in the absence of field data (also for new straight
pipe with no diameter change). Further computation involves different scenarios to compute and
compare the pressure losses with different conditions that mainly involve the phases of pipeline that
come in between the new pipeline and to severely corroded phase, the pipeline efficiency, change in
volumetric flow rate, elevation differences, and pipeline distance.

The results presented in Table 6 provide the comparison between mathematical model results
and CFD results provides validation for the choice of pipeline operating pressure at required velocity.
The change in velocity has its significance on change in Reynolds number and friction factor which
results in an amount of pressure losses. It is observed that the velocity of hydrogen gas must be
maintained within the limit of erosional velocity as presented in Figure 2. In addition to this the
material surface roughness has a very important role that determines the friction factor that
influences the pressure loss. During the analysis it was observed that pressure losses were
significantly higher for pipes with smaller diameter and lower pressure losses for larger diameter
due to effect of the surface-to-volume ratio of pipe.

In conclusion, the selection of pipeline material is critical, particularly regarding specific
properties such as surface roughness that has direct influence on the pressure loss to overcome this
regular maintenance of pipelines must be followed with the application of a material coating on the
internal surface of pipes which is one of the method to maintain roughness of material. As the rate of
surface roughness increases the pressure losses in pipeline also increase. We must maintain the
material surface roughness within the limit before it reaches higher values in order to keep minimal
pressure losses in pipelines.
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Abbreviations

The following abbreviations are used in this manuscript:

AGA American Gas Association

JT Joule — Thompson

CFD Computational Fluid Dynamics
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