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Introduction

Numerous studies have been conducted on various
types of odorants, methods of gas odorization [1-
2], odorizing equipment, the chemical structure of
odorants, and the optimization and automation of
odorizing equipment [3-4]. However, there has been
limited research on the distribution and dispersion
of odorants within the pipeline. A review of existing
studies shows that there has been little research on
modeling and optimizing odorant injection conditions
at City Gas Station (CGS). Another challenge is the
varying operational conditions at different stations
in terms of capacity at different times. Therefore, the
results of published research cannot be used to evaluate
the performance of a specific station in Iran. This study
aims to examine the key parameters that influence the
distribution of injected odorant in gas pipelines. The
goal is to identify the causes of incomplete odorant
distribution in the gas pipeline at the Imam Hossein
station in Bandar Abbas and to propose practical
solutions to address this issue.

As mentioned, to evaluate the models used, empirical
measurements of odorant were conducted at the CGS
Imam Hossein station in Bandar Abbas. Consequently,
the modeling conditions and the scope of the solution
precisely match the conditions at this station, and the
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results of the model can be used to optimize injection
conditions at the station. Currently, many CGS stations
in the country use injection systems for natural gas
odorization, and many of these systems lack automatic
control and are usually manually adjusted by operators.
As aresult, at certain times of the day or in some areas,
the gas odor is more pronounced due to over-injection
of odorant, causing problems.

The findings of this study can be used to optimize
industrial odorant injection systems, ensuring more
uniform odorant distribution in the pipeline and
preventing excess odorant consumption. In this article,
after presenting the odorant measurement method,
the governing equations for Computational Fluid
Dynamics (CFD) analysis are provided, followed by
an interpretation of the modeling results. The modeling
was carried out under various injection conditions
and station capacities at different temperatures and
pressures, and finally, solutions for optimizing system
performance are proposed.

Materials and Methods
CFD Modeling of Odorant Distribution in a Pipeline

In this study, COMSOL software was used to model the
distribution of odorant in natural gas. As mentioned,
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the computational geometry includes 1000 meters of
the gas transmission pipeline. To analyze turbulent
fluid flow along with mass transfer, the Turbulent Flow
and Mass Transport modules were used. The flow was
modeled as unsteady. The computational geometry
was meshed using 840,000 tetrahedral elements, and
due to the significant length of the pipeline relative
to its diameter, the precise structure of the cells is not
specified, and a detailed geometry of the mesh is not
provided.

The following assumptions were made for the flow
modeling:

The odorant flow is considered a gas phase, and the
governing equations are treated as single-phase [5].

A no-slip condition is assumed for the pipeline walls.

The inner surface of the pipeline wall is smooth.

The odorant does not react with natural gas [6].
Differences in elevation and changes in the pipeline
direction are neglected.

The governing equations include mass transfer
equations, continuity, and momentum equations, along
with equations related to turbulent flow. One of the
main challenges in modeling is to determine the inlet
velocity into the pipeline. The gas flow continuously
enters the pipeline, whereas the odorant is injected into
the pipeline in a pulsating manner by the pump [7-8].
Therefore, for the odorant inlet, a pulsating function
was defined according to Fig. 1. In this figure, the
parameters lj and tj represent the distance between
peaks and the injection time in seconds, respectively,
and must be defined at the start of each modeling
process based on the operational conditions of the
pipeline.
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Fig. 1 Inlet pulse of odorant.

Results and Discussion

Consideringthatthe experimental odorantmeasurement
data pertains to June 2021, the prevailing conditions
of the system at that time were used in the modeling.
Observations at the station indicated that in June 2021,
the injection pump was set to perform 27 injections
per minute. The station's actual capacity was typically
30% of its nominal capacity, equivalent to 7000 m?/

hr, with a system pressure of 250 psi. Therefore, the
modeling conditions were based on these parameters.
The results of each modeling simulation include the
distribution of odorant concentration at different
times and locations along the pipeline. This allows for
determining the exact distance at which the odorant
reaches a uniform concentration and distribution,
as well as the final concentration of the odorant. To
identify the distance from the injection point where the
odorant concentration becomes uniformly distributed
in the pipeline, the odorant distribution must be shown
at various lengths of the pipeline. Given the substantial
length of the pipeline, which is 1000 meters, the
odorant distribution is illustrated at several sections,
as shown in Fig. 2.
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Fig. 2 Odorant distribution in the pipeline.

According to Figure 2, it is evident that at the begin-
ning of the pipeline, close to the injection point, the
odorant is introduced and dispersed in gas phase clus-
ters. As the distance from the beginning of the pipeline
increases, due to the diffusion of the odorant in the nat-
ural gas, the concentration along the pipeline becomes
more uniform. For instance, at a distance of approxi-
mately 160 meters from the start of the pipeline, the in-
jected odorant concentration becomes nearly constant.

Conclusions

The main objective of this study is to analyze the
distribution of odorant in a pipeline. To achieve
this, a computational geometry model consisting of
one kilometer of pipeline was simulated using CFD
analysis with COMSOL software and the finite element
method under various conditions. The model used can
accurately control all the injection parameters of the
odorant pump, including gas velocity, injected odorant
concentration, injection time, injection volume,
number of pulses, and the interval between injections.
Initially, the current conditions at the station were
modeled, and the concentration predicted by the model
was compared with the experimental measurements
taken at the station. It was confirmed that the model's



results are reliable. The modeling results, reflecting
the current operational conditions, indicated that at a
distance of approximately 200 meters from the start
of the pipeline, the odorant concentration stabilizes.
However, when the station operates at a capacity
of 7000 m?hr, the amount of odorant consumed
is excessive. According to the modeling results, it
was found out that reducing the injection volume
from 200 mm?® to 100 mm?® still maintains the output
concentration within standard limits while preventing
the excessive consumption of odorant.
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