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Abstract - Nigeria is ranked sixth in natural gas reserves, making natural gas locally content-driven and a catalyst for
development and industrialization because of its importance as a starting feed material for petrochemical production and a
clean energy source used domestically and industrially. However, this natural gas comes with some deposits of impurities like
water, which can cause hydrate formation, blockages, corrosion and other flow problems during pipeline processing and
transmission. To meet the specification for pipeline transmission, the triethylene glycol (TEG) dehydration method, regarded
as the most effective dehydration method, is recommended. The TEG dehydration plant is divided into two parts, the gas
absorption and the glycol regeneration. To ensure the lifespan of the TEG dehydration plant, because of pressure, stress and
corrosion involved during operation, the mechanical design aspect of the absorber and regenerator column was carried out
using the results obtained from HYSYS simulation design such as operating temperature, pressure and column diameter of
(35°C, 60bar and 1.5m) and (204°C, 15bar and 2m) of the absorber and regenerator respectively to give the most economical

thickness of column body and head of (31mm and 30mm) and (15mm and 14mm) for the absorber and regenerator columns

respectively using stainless steel type (304) as material for construction.
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1. Introduction

Natural gas can be described as the springboard to the
growth and development of a country because of its
importance as a petrochemical feedstock and a clean source
of energy used domestically and industrially [1]. It is one of
the natural resources Nigeria is blessed with, making its local
content driven [2,8]. However, the impurities associated with
or deposited in natural gas, like water, possess problems like
methane hydrate formation, cakes, sludge, corrosion and
other flow assurance problems during processing and
transmission. For pipeline transmission, the water content of
natural gas must be less than 0.011kg H,O/m3s of NG [3,4].
The TEG dehydration method, regarded as the most effective
and economical, is recommended to meet this specification.
The TEG dehydration plant comprises several units
(equipment) but can be divided into the gas absorption unit
and the TEG regeneration unit [12,13].
Natural gas dehydration is crucial in gas treatment plants to
minimize corrosion, freeze protection, and regulatory
compliance [25]. Triethylene glycol (TEG) dehydration has
become a popular method for achieving this aim because of
its high water absorption capacity. A key component of the
TEG dehydration process is the absorber and regenerator
unit, which determines the efficacy of the entire operation.

The mechanical design of these units forms a critical aspect
of TEG dehydration plant operation. It involves selecting
equipment and designing optimised components to ensure
efficient gas and liquid flows, pressure drops, heat transfer,
and overall operational functionality [26]. This paper focuses
on the mechanical design of the absorber and regenerator
units in a typical TEG gas dehydration plant. The aim is to
describe the design process, from designing criteria and
developing process simulation models to equipment layout
and detailed mechanical drawings, and finally, implementing
quality control procedures to ensure compliance with
industry standards.

The mechanical design of an industrial absorber and
regenerator of the TEG dehydration plant which considers
the best material suitable for equipment design, the minimum
thickness of equipment and corrosion allowance, the
minimum allowable internal pressure of the system/unit,
design stress factor and also account for a welded joint
element of equipment or unit which was achieved using the
results and data got from HYSYS simulation of the
dehydration plant [6,7]. Considerable research has been
carried out on the TEG dehydration plant, and a few of them
are cited: Gu & Liu [9] stated that dehydration by using TEG
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is the most convenient and economical method of removing
water associated with natural gas. The stress on the body of
the absorption tower results from heating in the welding
process on the welded metal, which can cause lag formation,
porosity, and incomplete welding defects [10,14]. They also
considered the pressure on the absorber using strength and
rigidity calculations. Dagde &Akpa [5] included that a liquid
desiccant absorber is the most common method for
dehydration in the natural gas industry. They developed the
mathematical models of an absorber using the principle of
mass and energy balance to predict the effectiveness of
dehydration in an industrial absorber. Khan et al. [11] stated
that the last 35 years have seen tremendous growth in the
contribution of natural gas to the world’s total energy
demand and that most countries depend on it for economic
growth and development.

Wosu et al. (2023) present a design model for the
regeneration of lean triethylene glycol (TEG) in natural gas
dehydration plants. The model was developed from the first
principles of mass and energy balance and employs a heat
exchanger to heat the rich TEG before introducing it to the
regenerator column. The lean TEG is recovered from the
column bottom and recycled. The design was carried out
using HYSYS software, and the resultant specifications of
regenerator volume, height, diameter, and column area were
obtained  as 18.857m3, 6.000m, 2.000m,  and 3.143m2,
respectively. The study demonstrated that the natural gas
feed conditions, including temperature, pressure, and flow
rate, significantly influence the performance efficiency of the
regenerator and other units of the TEG dehydration plant.
The developed model shows potential for improving the
efficiency of TEG dehydration plants. In their study, Gajduk
et al. (2019) [23] proposed a design of an absorption unit that
incorporates baffles to enhance the gas and liquid contact
surfaces, improving the TEG's absorption efficiency. Their
results showed that this design improved the performance of
the absorption unit by increasing the absorption rate of water
in natural gas from 0.22 to 0.45 mol/s. Enhancement of TEG
dehydration efficiency was also achieved in a study by Jing
et al. (2018) [22], who proposed an improved configuration
for the regenerator unit comprising a novel distribution tray
paired with a packing bed. The authors found that the
proposed design could reduce the TEG consumption rate
by 14.6% compared to the conventional regenerator design.
Mahmoud et al. (2021) [21] presented a simulation-based
optimization approach for the design of TEG-based
dehydration systems. The proposed model was used to
simulate the performance of an absorption column and
regenerator unit, and the optimization was conducted to
reduce the system's energy consumption and cost. The results
indicated that optimization decreased the annual operating
cost of the system by 9.3%. Ghasemi et al. (2020) [20]
proposed a design optimization of TEG regeneration
columns in large-scale natural gas dehydration units using
genetic algorithms. They reported a significant improvement
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in the column’s efficiency and economic viability, quantified
by a 26.5% reduction in the operating cost. Previous studies
have focused on designing absorber and regenerator units
that enhance absorption and regeneration efficiency in TEG-
based dehydration units. These studies show that
optimization of the mechanical design of these units can lead
to reductions in energy consumption and operating cost and
an overall increase in the system’s performance.

In industrial processes, where precision and efficiency
are paramount, the design and functionality of essential
components play a pivotal role. A critical facet of industrial
operations is gas processing, where removing moisture from
natural gas is imperative for numerous applications [15,16].
In this context, Triethylene Glycol (TEG) dehydration plants
stand as stalwarts, ensuring that natural gas is devoid of
water vapour, preventing corrosion in pipelines and ensuring
the quality of the end product [17,18]. At the heart of every
TEG dehydration unit, the absorber and regenerator stand tall
as the unsung heroes, responsible for the intricate task of
absorbing water vapour from the natural gas stream and
subsequently regenerating the TEG solution for continuous
use [19]. This article delves deep into the mechanical
intricacies of these indispensable components within a TEG
dehydration plant, exploring the cutting-edge designs and
engineering principles that govern their operation.

This work explores the mechanical design aspects of the
absorber and regenerator, shedding light on the innovative
technologies employed to enhance their efficiency,
durability, and overall performance. By understanding the
nuanced engineering behind these vital units, engineers and
professionals in the field can glean invaluable insights,
paving the way for advancements in gas processing
technologies. This exploration will serve as a testament to
the marvels of modern engineering and provide a platform
for  exchanging  knowledge, fostering  continuous
improvement in the realm of TEG dehydration plants.

2. Materials and Methods
2.1. Materials

The mechanical design of an absorber and regenerator in
an ethylene Glycol (TEG) dehydration plant involves using
various materials to achieve optimal performance and
efficiency in the dehydration process. The feed material in
this research comprises the temperature, pressure, and flow
rate of the characterized natural gas, which typically includes
various components such as methane, ethane, propane, i-
butane, n-butane, i-pentane, n-pentane, hydrogen sulfide,
carbon dioxide, nitrogen, water, and TEG as an absorbent
used in the dehydration process. To facilitate the efficient
dehydration of natural gas, the design of TEG dehydration
plants typically incorporates various units such as an inlet
cooler, inlet scrubber, contactor/absorber column, flash
valve, flash  separator, filters, heat exchanger,
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regenerator/distillation column, stripping column, and
circulation pump. The materials used in the construction and
operation of these units must be carefully selected to ensure
optimal performance, durability, and safety.

In addition to the selection of materials, mechanical
design considerations in TEG dehydration plants also include
the sizing and configuration of equipment, piping, and
instrumentation, as well as the incorporation of safety
features such as relief valves, alarms, and shutdown systems.
The design of the absorber and regenerator units, in
particular, must consider factors such as the flow rate and
temperature of the TEG, the pressure drop across the units,
and the efficiency of heat transfer between the TEG and the
natural gas.

The mechanical design of an absorber and regenerator in
a TEG dehydration plant requires careful consideration of
various materials, equipment, and safety factors to ensure
efficient, effective, and safe operation. Ongoing research
focused on optimising the design and operation of these units
through utilising new materials, technologies, and process
improvements is crucial for the continued development and
improvement of TEG dehydration processes.

2.2. Method
(a) Design and simulate the TEG natural gas dehydration
plant using HYSYS:

The methodology for designing and simulating a TEG
(triethylene glycol) natural gas dehydration plant using
HYSYS (Hyprotech Simulation Software) involves several
steps. These steps include data gathering, equipment
selection, process design, and simulation. The first step is
gathering all the necessary data to design and simulate the
natural gas dehydration plant. This includes the composition
of the natural gas, flow rates, operating conditions, and the
required level of dehydration. Based on the data gathered,
appropriate equipment for the dehydration process is
selected.

The equipment is chosen to suit the operating conditions
necessary and satisfy safety and environmental requirements.
The primary equipment required for the TEG dehydration
process includes a gas filter, glycol contactors, a re-boiler,
and a condenser. After selecting the equipment, the process
design is carried out. The design is based on the chosen
equipment and the required level of dehydration. The design
ensures that the TEG unit operates effectively and efficiently
to remove water and other impurities from natural gas.

The final step is simulation. The process model is
developed using HYSYS simulation software. The
simulation involves entering all the equipment details and
process conditions and selecting the most appropriate
thermodynamic method for TEG dehydration. A sensitivity
analysis is then carried out to ensure the chosen design is
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robust. Several parameters are monitored during the
simulation, including compressor requirements, TEG
circulation rates, pressure drop across the plant, and energy
consumption. The simulation results are then analyzed, and
adjustments are made if necessary to achieve an optimal
design. The methodology for designing and simulating a
TEG natural gas dehydration plant using HYSYS involves
data gathering, equipment selection, process design, and
simulation. The process is iterative and requires close
collaboration between engineers and operators to ensure that
the final design is accurate, efficient, and meets the required
safety and environmental standards.

(b) Develop mechanical design models for the absorber and
regenerator unit of the plant:

Developing mechanical design models for the absorber
and regenerator unit of a natural gas dehydration plant
involves several steps. Initially, design criteria such as
required gas flows, pressure drops, and TEG concentration
must be identified, followed by developing a detailed process
simulation model using software programs such as HYSYS.
This model is iterated until the optimal design is achieved.
Equipment layout is created based on the P&ID, and detailed
mechanical drawings of equipment are developed. Finally,
quality control procedures are implemented to verify that the
design meets the required specifications and industry
standards. The entire process involves ensuring compliance
with mechanical design standards, reviewing and analyzing
design components, and implementing quality control
procedures to ensure the successful completion of
mechanical design for the absorber and regenerator unit of
the plant.

2.3. Natural Gas Composition and HYSYS Simulation
Operating Condition

Natural gas is a fossil fuel composed primarily of
methane gas, with varying amounts of other gases such as
ethane, propane, and butane. The exact composition of
natural gas can vary depending on the location of its source
and can contain trace amounts of nitrogen, carbon dioxide,
and other gases (Table 1). HYSYS is a process simulation
software used to design and optimize natural gas processing
facilities.

Engineers use HYSYS to model natural gas under
different operating conditions, such as pressure, temperature,
and chemical composition. These simulations allow
engineers to predict the behaviour of natural gas and
optimize processing facilities to maximize efficiency and
yield and reduce costs. HYSYS simulations have become
standard in the oil and gas industry, where effective process
modelling can significantly improve the overall operational
performance of processing facilities. HYSYS Simulation for
the Process Flow Diagram of the Natural Gas Dehydration
Unit is shown in Figure 1.
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Fig. 1 Process flow diagram of natural gas dehydration unit

Table 1. Natural gas properties

Components Composition Mals\g(z;rrnol)
Ci 0.8939 16.00
C 0.0310 30.00
Cs 0.0148 44.10
i-C4 0.0059 58.12
n-Cy4 0.0030 58.12
n-Cs 0.0005 72.15
i-Cs 0.0010 72.15
H-20 0.0050 18.00
N2 0.0010 14.00
H2S 0.0155 34.10
CO: 0.0284 44.00
TEG 0.0000 150.154
Total 1.0000 610.894
Operating
Condition
Pressure(kPa) 6205.2832
Temperature (°C) 29.4444
Flow rate (kg/s) 768.6343
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2.4. Development of Mechanical Design Models

Consider the mechanical design schematics of the
absorber/contactor column and regenerator/distillation
column in Figures 2a and b,

60bar 35°C

S 1.5m o

Fig. 2(a) Mechanical design of absorber column

15bar 204°C

L — 2.0m —

Fig. 2(b) Mechanical design of regenerator column

For absorber and regenerator (Figures 2a and b) columns
with operating temperatures, pressures and column
diameters.
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2.4.1. Column Body (Cylindrical Type)
Determination of minimum thickness (e) is given as:
g = % (Sinnott&Towler, 2009)
€y
Where
J = welded joint efficiency

F = design stress

Thickness (t) = e + Corrosion Allowance
@)
2.4.2. Doomed/Column Head
The column head will consider the following:

Standard Dish-Head (Torispherical)
Determination of minimum thickness(e) is given as:
g = # (Sinnott and Towler, 2009)
2JF =P (Ce=—D2])
®)

Where

s=D;j
C; = Stress Concentration Factor

1 R
=t [Bc
¢, =13 H:J

Where Py = knuckle radius = 6% R
Thickness (t) = e + corrosion allowance

(4)

Standard Ellipsoidal Head
Determination of minimum thickness (e) is given as:
g = % (Sinnott and Towler, 2009)
(®)

Thickness (t) = e + Corrosion Allowance

Flat Head
Determination of minimum thickness (e) is given as:

—
e =0C,D0, 2 (Sinnott and Towler, 2009)

(6)
Where
Cp = 0.4 (full face gasket)
D. = Bolt circle diameter
Thickness (t) e + Corrosion Allowance

Table 2. Data for mechanical design evaluation

Parameters Units Absorber Regenerator References
Column Column
Stainless steel material
type (304)
Operating temperature (T) °C 35 204 Kidnay& William (2006)
Operating pressure (P) Bar 60 15 Kidnay& William (2006)
Design pressure (P;) N/mm? 6.49 1.54 Calculated
Column diameter (D) m 15 2.0 Calculated
. . . Sinnott&
Stress concentration (Cs) Dimensionless 1.77 1.77 Towler (2009)
Sinnott&
2
Stress factor (r) N/mm 165 115 Towler (2009)

- - . . Sinnott&
Welded joint efficiency (J) Dimensionless 1 1 Towler (2009)
Atmospheric temperature atm 1 1 Properties/ .

thermodynamics

The design, literature and properties/thermodynamics
data were substituted and solved using the mechanical design
models developed above.

3. Results and Discussion

Incorporating digital technologies, such as sensors and
real-time monitoring systems, has revolutionized how
absorbers and regenerators are managed. Predictive
maintenance algorithms, enabled by data analytics, help
anticipate potential issues before they escalate, ensuring
continuous operation and minimizing downtime. Automation

further enhances the precision of the dehydration process,
reducing the likelihood of human errors.

In essence, advancements in the mechanical design of
absorbers and regenerators have transformed TEG
dehydration plants into highly efficient, durable,
environmentally friendly, and technologically advanced
systems. These outcomes benefit the industries directly
involved and contribute to the broader goal of sustainable
and responsible industrial practices, shaping a more efficient
and eco-conscious future for gas processing technologies.
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Table 3. Mechanical design results of absorber and regenerator column

Absorber Regenerator
Column Design thickness ed
Thickness (mm)
(mm)
Column Body
Cylindrical 31 15
Column Head
(Doomed)
torispherical
head 55 25
Ellipsoidal head 30 14
Flathead 120 94

Table 3 shows the results obtained from the mechanical
design model absorber and regenerator column, which shows
that for economic purposes, the column body (cylindrical
body type) and column head (standard ellipsoidal should
have a minimum thickness of (31mm and 30mm) and (15mm
and 14mm) for the absorber and regenerator column,
respectively. The result also indicates that the design
pressure or stress influences mechanical design for minimum
column thickness determination during the TEG dehydration.
TEG dehydration plants have witnessed a significant
enhancement in efficiency. This results in improved mass
transfer, allowing for a higher absorption rate of water
vapour from the natural gas stream. Similarly, innovative
heat exchange systems in regenerators optimize the
regeneration process, ensuring swift and thorough removal of
absorbed moisture from the TEG solution. The outcome is a
highly efficient dehydration process, meeting stringent
industry standards.

To ensure the lifespan of the TEG dehydration plant, the
mechanical design aspect of the absorber and regenerator
columns is crucial, given the pressure, stress, and corrosion
involved during operation. HYSYS simulation design
determined the absorber and regenerator's operating
temperature, pressure, and column diameter. The most
economical thickness of the column body and head for the
absorber and regenerator columns was determined to be
31mm and 30mm and 15mm and 14mm, respectively, using
stainless steel type (304) as the construction material.
This research highlights the importance of properly
designing and maintaining TEG dehydration plants to ensure
longevity and efficiency. It provides useful insights into the
mechanical design aspect of the absorber and regenerator
columns using results obtained from the HYSYS simulation
design.

Using durable materials, corrosion-resistant alloys, and
coatings, coupled with intelligent design, will decimate wear
and tear. This extends the lifespan of absorbers and
regenerators and reduces maintenance downtime and costs.
Enhanced durability ensures uninterrupted operation, a

69

critical factor in industrial settings where continuous
processing is essential. The evolution of TEG dehydration
plants has led to environmentally conscious designs. Closed-
loop systems and advanced pollution control mechanisms
minimize the environmental impact. Reducing energy
consumption due to improved heat exchange processes
contributes to a lower carbon footprint, aligning with global
sustainability goals. Modern designs are scalable and
adaptable, catering to various gas processing capacities.
Whether it's a small-scale facility or a large industrial plant,
the mechanical design allows for seamless integration and
operation. This flexibility is essential for industries
experiencing varying demand levels, enabling them to
optimize production based on market needs.

4. Conclusion

The mechanical design performance models for the
absorber and regenerator column were developed to account
for the best material type suitable for equipment design,
minimum thickness of the equipment, corrosion allowance,
minimum allowable internal pressure, design stress factor
and welded joint factor for the smooth and safe operation of
the absorber and regenerator column during TEG
dehydration process. This ensures the safe operation and the
lifespan of the natural gas TEG dehydration plant.

The mechanical design of the absorber and regenerator
within a Triethylene Glycol (TEG) dehydration plant is an
intricate and vital aspect of gas processing technology. The
core components that drive the efficiency and reliability of
the design principles, innovations, and operational intricacies
have been explored in this work, providing a profound
understanding of their crucial role in ensuring natural gas's
quality and integrity. The absorber effectively removes water
vapour from the gas stream with its structured packing and
efficient mass transfer mechanisms. Simultaneously, with its
smart heat exchange systems, the regenerator revitalizes the
TEG solution, preparing it for another cycle. The synergistic
operation of these two components optimizes the entire TEG
dehydration process.

Furthermore, the emphasis on sustainability has led to
the development of eco-friendly TEG dehydration plants that
minimize environmental impact. The mechanical design of
absorbers and regenerators will continue to evolve. Engineers
will explore innovative solutions, incorporating digital
technologies, automation, and artificial intelligence to
enhance the performance of these units further.

The quest for energy efficiency and environmental
responsibility will drive the development of greener, more
sustainable TEG dehydration processes. Their mechanical
design reflects the synergy between cutting-edge technology
and the fundamental principles of gas processing. As we
stand at the threshold of a new era in industrial engineering,
the lessons learned from the mechanical design of these units
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will undoubtedly shape the future of gas processing
technology, paving the way for cleaner, more efficient, and
more sustainable energy solutions. This work emphasizes the
importance of natural gas as a catalyst for development and
industrialization in Nigeria. The study's findings can
contribute to developing TEG dehydration plants in Nigeria
and other countries faced with issues during natural gas
processing and transmission. The study's results would also
inspire future studies in natural gas processing and
transmission, improving industry efficiency and productivity
in the long run.

Declarations
Authors Contributions

W.C.O, EM.E, and W.AA: Conceptualization,
Methodology, Original draft preparation, Performed
experimental work, and Writing

Acknowledgement

The authors wish to thank the management and technical
staff of the Department of Chemical Engineering for granting
the authors access to the simulation laboratory and
workshop.

References

[1] Arturo Reyes-Leon et al., “The Design of Heat Exchangers,” Scientific Research, vol. 3, no. 9, 2011. [CrossRef] [Publisher Link]

[2] Bahman Zohuri, Heat Exchanger Types and Classification, Retracted Book: Compact Heat Exchangers, Springer, pp. 19-56, 2017.
[CrossRef] [Google Scholar] [Publisher Link]

[3] Brian F. Towler, The Future of Energy, Academic Press, Elsevier, pp. 1-390, 2014. [CrossRef] [Google Scholar] [Publisher Link]

[4] Dan Laudal Christensen, Gas Dehydration: Thermodynamic Simulation of the Water/Glycol Mixture, Aalborg University Esbjerg, 2009.
[Online]. Available: https://projekter.aau.dk/projekter/files/17059482/Gas_Dehydration.pdf

[5] Kenneth Kekpugile Dagde, and Jackson Gunorubon Akpa, “Numerical Simulation of an Industrial Absorber for Dehydration of Natural
Gas using Triethylene Glycol,” Journal of Engineering, vol. 2014, pp. 1-8, 2014. [CrossRef] [Google Scholar] [Publisher Link]

[6] Ernest Mbamalu Ezeh, “Optimization of the Electrical Properties of Green Synthesized Graphene/Polyester Nanocomposite,” Caritas
Journal of Engineering Technology, vol. 2, no. 1, 2023. [Google Scholar] [Publisher Link]

[7]1 Francis S. Manning, and Richard E. Thompson, Oil Field Processing of Petroleum Volume 1: Natural Gas, PennWell Books, pp. 1-408,
1991. [Google Scholar] [Publisher Link]

[8] Gavin Towler, and Ray Sinnott, Chemical Engineering Design Principles, Practice and Economics of Plant and Process Design,
Butterworth- Heinemann, 2021. [Google Scholar] [Publisher Link]

[9] Qingyue Gu, and Chunjing Liu, “The Design of the Natural Gas Dehydration Tower,” International Journal of Oil, Gas and Coal
Engineering, vol. 4, no. 6, pp. 66-69, 2016. [CrossRef] [Google Scholar] [Publisher Link]

[10] Kern Donald Quentin, Process Heat Transfer, New York: McGraw-Hill, 1950. [Google Scholar] [Publisher Link]

[11] Khan Mohd Atiqueuzzaman, and A.S.M Maruf, “Optimizing Effective Absorption During Wet Natural Dehydration by Triethylene
Glycol,” IOSR Journal of Applied Chemistry (IOSRJAC), vol. 2, no. 2, pp. 1-6, 2012. [CrossRef] [Google Scholar] [Publisher Link]

[12] Arthur J. Kidnay, William R. Parrish, and Daniel G. McCartney, Fundamentals of Natural Gas Processing, CRC Press, 2019. [Google
Scholar] [Publisher Link]

[13] Ernest E. Ludwig, Applied Process Design for Chemical and Petrochemical Plants, Elsevier Science, 3™ ed., vol. 3, pp .1-712, 2001.
[Google Scholar] [Publisher Link]

[14] Mohammed Rashnur Rahman, N.M. Aftabul Alam Bhuiya, and Md. Rasel Miah, “Theoretical Sizing and Design of Equipment of a 40
MMSCFD Natural Gas Processing Plant Based on the Operating Condition of Titas Gas Field Location #A,” International Journal of
Innovation and Applied Studies, vol. 8, no. 3, pp. 1148-1157, 2014. [Google Scholar] [Publisher Link]

[15] NCDB Act, NNPC Local Content Development Act, 2004. [Online]. Available:
https://www.worldbank.org/content/dam/Worldbank/Event/E1%20%20Local%20Content/7TE%20Nigerian%20Content%20Development
%20-%20Nwapa%20Keynote%20Day2.pdf

[16] E.N Sieder, and G.E Tate, “Heat Transfer and Pressure Drop of a Liquids in Tubes,” Industrial and Engineering Chemistry, vol. 28, no.
12, pp. 1429-1435, 1936. [CrossRef] [Google Scholar] [Publisher Link]

[17] J.A Undiandeye et al., “A Comparative Analysis of the Natural Gas Dehydration Process Using Shell Gbaran as a Case Study,”
International Journal of Science and Engineering Investigations, vol. 4, no. 2, pp. 1-3, 2015. [Google Scholar] [Publisher Link]

[18] L. Zhang, “Natural Gas Gathering and Transportation Engineering,” Petroleum Industry Press, 2009.

[19] Barry E. Zimmerman, and David J. Zimmerman, Natural curiosity shop, pp. 1-352, 1995. [Publisher Link]

[20] M. Ghasemi, M. Rezaei, and Z. Khakpour, “Design Models of a Regenerator for Lean Triethylene Glycol Recovery in Natural Gas
Dehydration Plant,” Journal of Natural Gas Science and Engineering, vol. 76, 2020.

[21] M.S. Mahmoud et al., “Novel Hybrid Energy Absorbing System Utilizing Superelastic Shape Memory Alloy, Polystyrene Foam and
Polyurea Coating,” Composite Structures, vol. 261, 2021.

[22] X.Jing et al., “Design and Analysis of Multi-Cell Honeycomb Energy Absorber under Axial Impact,” Thin-Walled Structures, vol. 130,
pp. 635-643, 2018.

70


http://doi.org/10.4236/eng.2011.39112
https://www.scirp.org/journal/paperinformation.aspx?paperid=7331
https://doi.org/10.1007/978-3-319-29835-1_2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Heat+exchanger+types+and+classification.+Springer+International+Publishing+Switzerland&btnG=
https://link.springer.com/chapter/10.1007/978-3-319-29835-1_2
https://doi.org/10.1016/C2013-0-19049-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Future+of+Energy-+Brian+F.+Towler&btnG=
https://www.google.co.in/books/edition/_/Bx03AwAAQBAJ?hl=en&gbpv=1
https://doi.org/10.1155/2014/693902
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Numerical+simulation+of+an+industrial+absorber+for+Dehydration+of+Natural+Gas+using+Triethylene+Glycol.Journal+of+Engineering%2C+Hindawi+Publishing+Corporation.&btnG=
https://www.hindawi.com/journals/je/2014/693902/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimization+of+the+Electrical+Properties+of+Green+Synthesized+Graphene%2FPolyester+Nanocomposite%2C&btnG=
https://caritasuniversityjournals.org/index.php/cjet/article/view/81
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Oil+field+processing+of+petroleum+&btnG=
https://www.pennwellbooks.com/oilfield-processing-of-petroleum-volume-1-natural-gas-book-manning-thompson-9780878143436/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chemical+Engineering+Design+principles%2C+practice+and+economics+of+plant+and+process+design.&btnG=
https://books.google.co.in/books?hl=en&lr=&id=1ksiEAAAQBAJ&oi=fnd&pg=PP1&dq=Chemical+Engineering+Design+principles,+practice+and+economics+of+plant+and+process+design.&ots=6SAFN_Z3T0&sig=JvAXan9Vs6oyjjy4CfgzGa-y2M0&redir_esc=y#v=onepage&q=Chemical%20Engineering%20Design%20principles%2C%20practice%20and%20economics%20of%20plant%20and%20process%20design.&f=false
https://10.0.45.128/j.ogce.20160406.13
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+design+of+the+natural+gas+dehydration+tower&btnG=
https://www.sciencepublishinggroup.com/article/10.11648.j.ogce.20160406.13
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Process+Heat+Transfer&btnG=
https://www.google.co.in/books/edition/_/jw8kAAAAMAAJ?hl=en&sa=X&ved=2ahUKEwjK3IC53q6CAxX6d2wGHeuUAvMQ7_IDegQIDRAD
https://doi.org/10.9790/5736-0220106
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimizing+effective+absorption+during+Wet+Natural+Dehydration+by+Triethylene+Glycol&btnG=
https://iosrjournals.org/iosr-jac/pages/v2i2.html
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fundamentals+of+natural+gas+processing&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fundamentals+of+natural+gas+processing&btnG=
https://books.google.co.in/books?hl=en&lr=&id=E_K2DwAAQBAJ&oi=fnd&pg=PP1&dq=Fundamentals+of+natural+gas+processing&ots=lrsNL5rbp9&sig=92Ybd4sBUUM3of8qVoqq906iT7M&redir_esc=y#v=onepage&q=Fundamentals%20of%20natural%20gas%20processing&f=false
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Applied+Process+Design+for+Chemical+and+Petrochemical+Plants+&btnG=
https://www.google.co.in/books/edition/Applied_Process_Design_for_Chemical_and/T69gFnVmK4MC?hl=en&gbpv=0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Theoretical+sizing+and+design+of+equipment+of+a+40MMSCFD+natural+gas+processing+plant+based+on+the+operating+condition+of+Titas+Gas+Field+Location.&btnG=
http://www.ijias.issr-journals.org/abstract.php?article=IJIAS-14-238-05
https://www.worldbank.org/content/dam/Worldbank/Event/EI%20%20Local%20Content/7E%20Nigerian%20Content%20Development%20-%20Nwapa%20Keynote%20Day2.pdf
https://www.worldbank.org/content/dam/Worldbank/Event/EI%20%20Local%20Content/7E%20Nigerian%20Content%20Development%20-%20Nwapa%20Keynote%20Day2.pdf
https://doi.org/10.1021/ie50324a027
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Heat+Transfer+and+Pressue+Drop+of+a+liquids+in+tubes&btnG=
https://pubs.acs.org/doi/pdf/10.1021/ie50324a027
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+comparative+analysis+of+the+natural+gas+dehydration+process+using+shell+Gbaran+as+a+case+study&btnG=
https://www.arastirmax.com/en/publication/international-journal-science-and-engineering-investigations/4/12/1-3-comparative-analysis-natural-gas-dehydration-process-using-shell-gbaran-case-study/arid/84e1c9d8
https://www.goodreads.com/book/show/1905792.Nature_s_Curiosity_Shop

Ezeh E. Metal. / IJRES, 10(5), 64-71, 2023

[23] A. Gajduk, M. Stowik, and P. Binkowski, “Analysis of the Energy Absorber Effectiveness in the Aluminium Car Bumper Beam,”
Archives of Civil and Mechanical Engineering, vol. 19, no. 4, pp. 1081-1090, 2019.

[24] J.P. Nivargi et al., TEG Contactor For Gas Dehydration, 2005. [Online]. Available: http://www.fenixchemtech.in/pdf/teg_contactor.pdf

[25] E.C. Onyegbado, E.M. Ezeh, O. Okeke, “Application of Computational Fluid Dynamics to the Design of Absorber Tube of a Solar
Power Plant,” International Journal of Current Research, vol. 1, no. 1, pp. 104-109, 2016.

[26] Michelle Michot Foss, “Interstate Natural Gas Quality Specifications and Interchangeability,” Center for Energy Economics, pp. 1-52,
2004. [Google Scholar] [Publisher Link]

71


http://www.fenixchemtech.in/pdf/teg_contactor.pdf
tel:104-109
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Interstate+natural+gas+quality+specifications+and+interchangeability.+Center+for+Energy+Economics.&btnG=
https://www.beg.utexas.edu/files/cee/legacy/CEE_Interstate_Natural_Gas_Quality_Specifications_and_Interchangeability.pdf

