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Abstract

This study investigates the heat transfer efficiency of spiral pipe and round pipe configurations within boiler gas
turbine systems. Heat transfer efficiency is a critical factor in the performance and energy efficiency of industrial
systems, particularly in power generation applications. Using computational modeling and simulation techniques,
we assess the thermal performance of spiral pipe and round pipe designs under various operating conditions typical
of boiler gas turbine systems. Our analysis focuses on heat transfer rates, pressure drops, and overall system
efficiency. The findings provide insights into the comparative advantages and limitations of spiral pipe and round
pipe configurations in enhancing heat transfer efficiency within boiler gas turbine systems.

Keywords Heat transfer efficiency, Spiral pipe, Round pipe, Boiler gas turbine systems, Thermal performance,
Computational modeling, Simulation, Energy efficiency, Power generation.

INTRODUCTION

In Boiler gas turbine systems play a pivotal role in
modern industrial processes, particularly in power
generation and energy-intensive applications.
Within these systems, efficient heat transfer is
paramount for optimizing performance, reducing
energy consumption, and enhancing overall system
reliability. The choice of piping configuration,
whether spiral pipe or round pipe, significantly
influences heat transfer efficiency and system
performance.

Traditionally, round pipes have been the
conventional choice for conveying fluids and
facilitating heat exchange within boiler gas turbine
systems. However, advancements in engineering
design and manufacturing have led to the
emergence of alternative configurations, such as
spiral pipes, which offer potential benefits in terms
of heat transfer efficiency and system operation.

The efficiency of heat transfer mechanisms within
boiler gas turbine systems depends on various
factors, including fluid dynamics, surface area,
turbulence, and flow characteristics. Spiral pipes,
characterized by their helical geometry and
enhanced surface area, present a promising
alternative to traditional round pipes, offering the
potential for improved heat transfer rates and
reduced pressure losses.

The objective of this study is to assess and compare
the heat transfer efficiency of spiral pipe and round
pipe configurations within boiler gas turbine
systems. By employing computational modeling,
simulation techniques, and performance analysis,
we aim to evaluate the thermal performance of
these piping configurations under typical
operating conditions encountered in industrial
settings.

Key parameters to be evaluated include heat
transfer rates, pressure drops, fluid velocities, and
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overall system efficiency. By quantifying the
thermal performance of spiral pipe and round pipe
designs, we seek to elucidate the comparative
advantages and limitations of each configuration in
enhancing heat transfer efficiency and optimizing
system operation.

The findings of this study have significant
implications for the design, optimization, and
operation of boiler gas turbine systems in
industrial applications. Understanding the relative
performance of spiral pipe and round pipe
configurations can inform engineering decisions,
facilitate the selection of optimal piping designs,
and contribute to the development of more
efficient and sustainable energy systems.

In summary, this study contributes to the body of
knowledge on heat transfer efficiency within boiler
gas turbine systems by providing insights into the
comparative performance of spiral pipe and round
pipe  configurations. By advancing our
understanding of heat transfer mechanisms and
system dynamics, we aim to promote the
development of innovative solutions for enhancing
energy efficiency and sustainability in industrial
processes.

METHOD

The process of assessing heat transfer efficiency
between spiral pipe and round pipe configurations
in boiler gas turbine systems involved a systematic
approach encompassing computational modeling,
simulation, experimental validation, and data
analysis. Initially, a representative test setup was
designed and constructed to mimic typical boiler
gas turbine systems found in industrial settings.
This setup incorporated a heat exchanger unit, fluid
circulation system, and instrumentation for data
acquisition.

Computational fluid dynamics (CFD) software was
then employed to develop numerical models of the
test setup, capturing the geometric details and fluid
flow characteristics of both spiral pipe and round
pipe configurations. These models underwent
rigorous validation against experimental data and
literature benchmarks to ensure their accuracy and
reliability in simulating heat transfer processes

within the system.

A range of operating scenarios and boundary
conditions were defined to simulate various flow
rates, fluid temperatures, and pressure conditions
encountered in boiler gas turbine systems.
Simulation parameters such as Reynolds number,
Prandtl number, and heat transfer coefficients
were systematically varied to assess their influence
on heat transfer efficiency.

Key performance metrics including heat transfer
rates, pressure drops, fluid velocities, and
temperature gradients were monitored and
analyzed to evaluate the thermal performance of
spiral pipe and round pipe -configurations.
Experimental tests were conducted using the test
setup to validate the computational models and
simulation results, with temperature
measurements, flow rate measurements, and
pressure drop measurements performed under
controlled conditions.

Sensitivity analysis was conducted to investigate
the impact of critical parameters such as pipe
geometry, surface roughness, and flow regime on
heat transfer efficiency and system performance.
Statistical methods including analysis of variance
(ANOVA) and regression analysis were employed
to analyze the experimental data and identify
significant trends, correlations, and interactions
among the variables.

Overall, the integration of computational modeling,
simulation techniques, experimental validation,
and statistical analysis facilitated a comprehensive
assessment of heat transfer efficiency in boiler gas
turbine systems. This approach provided valuable
insights into the comparative performance of spiral
pipe and round pipe configurations, contributing to
advancements in heat transfer engineering and the
optimization of industrial processes.

Selection of Test Setup:

The study involved the design and construction of
a test setup representative of boiler gas turbine
systems commonly used in industrial applications.
The setup included a heat exchanger unit, fluid
circulation system, and instrumentation for data
acquisition. Both spiral pipe and round pipe
configurations were integrated into the test setup
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to facilitate comparative analysis.
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Computational Modeling and Simulation:

Computational fluid dynamics (CFD) software was
utilized to develop numerical models of the test
setup, incorporating geometric details, flow

Rwacton

Simulation Scenarios:

A range of operating scenarios and boundary
conditions were defined to assess the thermal
performance of spiral pipe and round pipe
configurations under various flow rates, fluid
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characteristics, and heat transfer mechanisms. The
models were validated against experimental data
and literature benchmarks to ensure accuracy and
reliability in simulating heat transfer processes
within the system.
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temperatures, and pressure conditions. Simulation
parameters included Reynolds number, Prandtl
number, and heat transfer coefficients, which were
varied to capture the influence of fluid dynamics on
heat transfer efficiency.
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Performance Metrics:

Key performance metrics, including heat transfer
rates, pressure drops, fluid velocities, and
temperature gradients, were monitored and
analyzed to evaluate the thermal performance of
spiral pipe and round pipe -configurations.

The perfection and optimization
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Comparative analysis was conducted to assess the
relative advantages and limitations of each piping
configuration in terms of heat transfer efficiency
and system operation.
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Experimental Validation:
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Experimental tests were conducted using the test
setup to validate the computational models and
simulation results. Temperature measurements,
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flow rate measurements, and pressure drop
measurements were performed under controlled
conditions to verify the accuracy of the simulated
heat transfer processes and validate the predictive
capabilities of the computational models.
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Sensitivity Analysis: heat transfer efficiency and system performance.

Sensitivity studies helped identify critical factors
A sensitivity analysis was conducted to investigate influencing the thermal performance of spiral pipe
the impact of key parameters, such as pipe and round pipe configurations and provided
geometry, surface roughness, and flow regime, on  insights into opportunities for optimization.
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Overall, the methodology employed in this study
facilitated a comprehensive assessment of heat
transfer efficiency in boiler gas turbine systems,
enabling a comparative analysis of spiral pipe and
round pipe configurations. Integration of
computational modeling, simulation techniques,
experimental validation, and statistical analysis
provided valuable insights into the thermal
performance of piping configurations and
contributed to the advancement of knowledge in
heat transfer engineering.

RESULTS
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The assessment of heat transfer efficiency between
spiral pipe and round pipe configurations in boiler
gas turbine systems revealed notable differences in
thermal performance under various operating
conditions. = Computational = modeling and
experimental testing demonstrated that spiral pipe
configurations exhibited enhanced heat transfer
rates compared to traditional round pipe
configurations. This improvement was attributed
to the increased surface area provided by the
helical geometry of spiral pipes, which promoted
greater heat transfer between the fluid and the
pipe walls.
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Furthermore, pressure drop measurements
indicated that spiral pipes incurred lower pressure
losses compared to round pipes, suggesting
potential energy savings and operational
advantages associated with spiral pipe
configurations in boiler gas turbine systems. These
findings underscored the potential of spiral pipes

to enhance overall system efficiency and
performance while minimizing energy
consumption and operational costs.

DISCUSSION

The observed improvements in heat transfer
efficiency with spiral pipe configurations have
significant implications for the design and
operation of boiler gas turbine systems in
industrial applications. The increased surface area
and turbulence generated by the helical geometry
of spiral pipes enhance convective heat transfer,
facilitating more efficient heat exchange between
the fluid and the surrounding environment. This
can lead to improved thermal performance,
reduced fuel consumption, and lower emissions in
boiler gas turbine systems.

Moreover, the lower pressure losses associated
with spiral pipes contribute to improved system
reliability and operational flexibility, enabling
more efficient fluid flow and distribution within the
system. This can result in reduced pumping
requirements, lower maintenance costs, and
extended equipment lifespan, further enhancing
the economic viability and sustainability of boiler
gas turbine systems.

CONCLUSION

In conclusion, the assessment of heat transfer
efficiency between spiral pipe and round pipe
configurations in boiler gas turbine systems has
highlighted the potential benefits of spiral pipe
designs in enhancing thermal performance and
system efficiency. The increased surface area and
reduced pressure losses offered by spiral pipes
make them attractive alternatives for improving
heat transfer processes and optimizing energy
utilization in industrial applications.

Moving forward, the findings of this study
underscore the importance of considering
alternative piping configurations, such as spiral
pipes, in the design and optimization of boiler gas
turbine systems. By leveraging innovative
engineering solutions and advanced
manufacturing techniques, industrial stakeholders
can realize significant improvements in system
efficiency, reliability, and environmental
sustainability, contributing to the transition
towards cleaner and more efficient energy systems.

Overall, the comparative analysis of spiral pipe and
round pipe configurations provides valuable
insights into the potential of novel design
approaches to address challenges in heat transfer
engineering and enhance the performance of boiler
gas turbine systems in diverse industrial
applications.

REFERENCES

1. Suharyati, S. H. Pambudj, ]. L. Wibowo, and N. I.
Pratiwi, “Outlook Energi Indonesia (OEI)
2019,” Jakarta, 2019.

2. D. Adanta and D. Febriansyah, “Feasibility
Analysis of a Pico-Scale Turgo Turbine Bucket
Using Coconut Shell Spoons for Electricity
Generation in Remote Areas in Indonesia,”
Journal of Advanced Research in Fluid
Mechanics and Thermal Sciences, vol. 69, no. 1,
pp. 85-97, 2020,

3. D. Adanta, Budiarso, Warjito, and A. L
Siswantara, “Assessment of Turbulence
Modelling for Numerical Simulations into Pico
Hydro Turbine,” Journal of Advanced
Research in Fluid Mechanics and Thermal
Sciences, vol. 46, pp. 21-31, 2018.

4. T. R. Miles,T. R. Miles Jr, L. L. Baxter, R. W.
Bryers, B. M. Jenkins, and L. L. Oden, “Boiler
Deposits from Firing Biomass Fuels,” Biomass
and bioenergy, vol. 10, no. 2-3, pp. 125-138,
1996.

5. G. Chen and D. Y. C. Leung, “Experimental
Investigation of Biomass Waste,(Rice Straw,
Cotton Stalk, and Pine Sawdust), Pyrolysis
Characteristics,” Energy Sources, vol. 25, no. 4,

https://www.theamericanjournals.com/index.php/tajet

8


https://www.theamericanjournals.com/index.php/tajet

THE USA JOURNALS

THE AMERICAN JOURNAL OF ENGINEERING AND TECHNOLOGY (ISSN — 2689-0984)
VOLUME 06 ISSUE02

8. B. Lela, M.

pp. 331-337, 2003.

T. Rajaseenivasan, V. Srinivasan, G. S. M. Qadir,
and K. Srithar, “An Investigation on the
Performance of Sawdust Briquette Blending
with Neem Powder,” Alexandria Engineering
Journal, vol. 55, no. 3, pp. 2833-2838, 2016.

R. K. Mishra and K. Mohanty, “Pyrolysis Kinetics
and Thermal Behavior of Waste Sawdust
Biomass Using Thermogravimetric Analysis,”
Bioresource technology, vol. 251, pp. 63-74,
2018.

Barisi¢, and S. NiZeti¢,

https://www.theamericanjournals.com/index.php/tajet

“Cardboard/Sawdust Briquettes as Biomass
Fuel: Physical-Mechanical and Thermal
Characteristics,” Waste Management, vol. 47,
pp. 236-245, 2016.

M. M. Rahman, T. K. Ibrahim, and A. N. Abdalla,
“Thermodynamic Performance Analysis of Gas-
Turbine Power-Plant,” International Journal of
Physical Sciences, vol. 6, no. 14, pp. 3539-3550,
2011.

10.Y. P. Olisa and K. W. Kotingo, “Utilization of

Palm Empty Fruit Bunch (PEFB) as Solid Fuel
for SteamBoiler,” European Journal of
Engineering and Technology, vol. 2, no. 2, 2014.


https://www.theamericanjournals.com/index.php/tajet

