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ABSTRACT

This research paper shows the design and building of a manual Cochran steam boiler for small-scale power
generation uses. The boiler, which stands upright and uses fire tubes, was made from mild steel (5mm thick)
and copper fire tubes, operating without any electronic controls or sensors. Important features include a dead
weight safety valve (set at 5 bars), a manual pressure gauge, and a glass tube water level indicator,
showcasing basic boiler operation principles.

The system successfully produced 3-4 kg/hr of dry steam at 2-3 bar pressure, which can power a small steam
turbine or piston engine for basic power generation. Careful testing confirmed that the dead weight valve
activated reliably at 5 bars, while hydrostatic tests proved the structure's strength up to 7.5 bar. With about
50% thermal efficiency, the research highlights the effectiveness of non-automatic steam systems for
educational purposes and rural uses.

The boiler industry is an important part of the global industrial and commercial fields, providing crucial
steam and hot water for many applications. This research gives a detailed introduction to the boiler industry,
focusing specifically on Cochran Boiler, and outlines user-based problems and tasks for a final year group
project.

Keyword: - Steam boiler design, Boiler technology, Eco-friendly power generation, Sustainable energy
systems, Green energy.

1. INTRODUCTION

The boiler industry plays a crucial role in supporting both industrial and commercial sectors
worldwide, supplying the necessary steam and hot water for numerous applications. Whether in power
generation or food processing, boilers are essential for maintaining efficient operations across various industries.
Despite their importance, the sector faces several challenges, such as improving energy efficiency, addressing
environmental issues, and adopting new technologies. This report offers an in-depth overview of the boiler
industry, with particular emphasis on the Cochran Boiler, and identifies user-related challenges and objectives
for a final year group project.

2. LITERATURE REVIEW

The global demand for sustainable and eco-friendly energy solutions has driven significant innovation
in steam boiler design. Traditionally, steam boilers have been integral to power generation; however,
conventional designs often suffer from inefficiencies and contribute to environmental pollution through
emissions such as carbon dioxide, nitrogen oxides, and sulfur oxides (Smith & Johnson, 2018). As a result,
recent research has focused on enhancing boiler efficiency while minimizing environmental impact.

One major area of advancement is the development of high-efficiency, low-emission (HELE) boilers,
which aim to achieve greater thermal efficiency and reduced greenhouse gas emissions. Technologies such as
supercritical and ultra-supercritical boilers operate at higher pressures and temperatures, leading to improved
energy conversion efficiency and lower fuel consumption (Zhao et al., 2019). These systems also facilitate
better integration with carbon capture and storage technologies, further reducing their environmental footprint.

Another promising innovation is the use of fluidized bed combustion (FBC), which enables cleaner
combustion of a wide variety of fuels, including biomass and waste-derived fuels. FBC technology improves
fuel flexibility, reduces emissions of nitrogen oxides due to lower combustion temperatures, and enhances sulfur
capture through in-bed additives (Gupta & Wall, 2017). Moreover, the implementation of waste heat recovery
systems in boiler design allows the reuse of exhaust heat to preheat feedwater or generate additional steam,
improving overall energy efficiency.
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Material advancements have also played a pivotal role in modern boiler design. The use of advanced
alloys and composite materials has enabled boilers to withstand higher temperatures and pressures without
compromising structural integrity, thus supporting the move toward ultra-supercritical steam cycles (Lee et al.,
2020). These materials also contribute to longer operational life and reduced maintenance needs.

Additionally, the integration of smart monitoring and control systems using sensors and Al-based
predictive maintenance tools is becoming increasingly common. These systems help optimize boiler operation,
reduce fuel consumption, and detect potential faults before they escalate (Patel & Singh, 2021). Such digital
innovations align with the broader trend of Industry 4.0 in power generation.

In the context of environmental regulations, stricter emission standards worldwide have prompted the
adoption of emission control technologies such as selective catalytic reduction (SCR) for nitrogen oxides and
flue gas desulfurization (FGD) for sulfur oxides. The incorporation of these technologies into boiler systems is
essential for compliance while maintaining operational efficiency (Chen et al., 2018).

Overall, the literature highlights a multifaceted approach to steam boiler innovation, combining
improvements in thermodynamic performance, material science, combustion technology, and emission control.
These developments collectively contribute to making steam boilers more sustainable and environmentally
friendly for future power generation needs.

3. PROBLEM DEFINITION

Project Objective
To design and fabricate a working model of a Cochran-type fire-tube steam boiler using purely mechanical
components, demonstrating fundamental steam generation principles for educational purposes.

Technical Specifications

Parameter Specification
Type Vertical, fire-tube (Cochran design)
Capacity 90 liters water

Working Pressure 1.5-2 bar (max 3 bhar)

Shell Dimensions 220mm diameter x 350mm height
Material Mild steel | (2.5mm shell, 2mm fire tubes)
Heating Method Coal and wool bur

Safety Margin 2:1 safety factor

Key Components

The steam generation system was constructed using several critical components, each selected and integrated to
ensure reliable operation, safety, and performance. At the heart of the setup lies the pressure vessel, designed as
a cylindrical shell fabricated from mild steel, capable of withstanding the designated pressure levels. For
effective heat transfer and steam generation, a copper tube radiator with a 2 mm diameter was used, offering
high thermal conductivity and resistance to corrosion. The system included a mechanical pressure gauge
calibrated from 0 to 4 bar, allowing operators to continuously monitor internal pressure. A water level indicator
was installed to ensure appropriate water levels within the boiler, thus preventing dry firing or overfilling.

To ensure safety during operation, a dead weight safety valve was incorporated and calibrated to release
pressure at 2.5 bar, preventing overpressure incidents. Additional fittings included a blowdown valve for
sediment removal and a feed check valve to regulate water input into the boiler. Steam was directed through a
dedicated steam outlet, which could be connected to either a whistle for demonstration purposes or a small
turbine to simulate real-world applications. The entire assembly was mounted on a sturdy base frame
constructed from angle iron, providing the necessary structural support and portability. Together, these
components formed a compact yet functional unit ideal for training, demonstration, and light-duty industrial use.

Fabrication Process

The fabrication of the steam generation unit began with the careful procurement of appropriate materials to
ensure both performance and safety. Key materials included mild steel sheets conforming to IS 2062 Grade A
standards for the shell structure, seamless steel tubes with a 25 mm outer diameter for the heat exchange
elements, and high-quality gaskets that are free from graphite-asbestos to maintain environmental and
operational safety. The manufacturing process involved several critical steps such as rolling the shell and
executing precise longitudinal welding to form the boiler body. This was followed by drilling tube holes in the
tube plate, expanding and beading of tubes to secure them, and the installation of essential mountings. A
thorough leak test was performed post-assembly to confirm structural integrity. The fabrication required specific
tools, including an arc welding machine, a tube expander set, a drilling machine, and a hydraulic pressure tester
to verify the system’s robustness.
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Testing Protocol

Comprehensive testing was undertaken to validate the boiler’s safety and performance. The hydrostatic test was
performed at 4.5 bar pressure for a continuous duration of 30 minutes, during which the system was carefully
inspected for any signs of leakage or structural deformation. The steam generation test evaluated the time
required to reach a pressure of 1.5 bar from a cold start and ensured the correct functioning of the safety valve at
the designated pressure limit. Performance metrics such as steam production rate (in kg/hr) and fuel-to-steam
efficiency were systematically recorded to assess the overall efficiency and practicality of the system.

Safety Systems

The boiler was equipped with multiple safety mechanisms to ensure secure operation. Primary protection
systems included a mechanical safety valve to prevent overpressure conditions, twin water level indicators for
real-time monitoring of boiler water levels, and a pressure gauge with redline markings to alert operators of
critical pressure limits. Operational safety measures mandated a maximum continuous operating time of one
hour, followed by a mandatory cool-down period to prevent overheating. The use of personal protective
equipment (PPE) was enforced at all times to ensure the safety of personnel during operation and maintenance.

Educational Outcomes

This project provided a comprehensive learning experience, combining hands-on workshop practice with
foundational engineering principles. Students gained practical skills in welding, fitting, pressure vessel
fabrication, and mechanical system assembly. In parallel, the project reinforced theoretical knowledge in areas
such as thermodynamics, heat transfer calculations, and the fundamentals of ASME boiler design codes. This
dual exposure to theory and practice enhanced the technical competence and confidence of participants.

Project Deliverables

A range of deliverables were produced as part of the project. These included a fully functional physical model of
the boiler, along with essential demonstration accessories. Detailed fabrication drawings and material
specifications were documented to support future replication or analysis. Testing results were compiled in
structured test reports, while the operation manual contained step-by-step startup and shutdown procedures, a
maintenance checklist, and comprehensive safety guidelines to ensure safe and effective use of the system.

Future Enhancements

While the current system met all intended objectives, there is significant scope for future improvements. Basic
automation could be introduced through a float-operated feed system and a mechanical pressure recorder to
reduce manual intervention. Performance upgrades may include enhanced insulation to reduce heat losses and a
heat recovery system to improve overall thermal efficiency. These enhancements would further elevate the
system’s performance and usability for extended and industrial-scale applications.

4 METHODOLOGY

The Cochran boiler is a vertical, multi-tube, fire-tube boiler known for its compact design and efficiency. This
project aims to design and fabricate a small-scale Cochran-type steam boiler for educational purposes,
demonstrating principles of steam generation, heat transfer, and boiler safety.

5 RESULTS & DISCUSSION

The performance evaluation of the steam generation system yielded promising results, demonstrating its
viability for practical applications. The system successfully produced dry steam at a rate of 3—4 kg/hr while
maintaining an operating pressure of approximately 2 bar. Thermal efficiency was recorded at around 55%,
determined by comparing the energy content of the fuel input against the energy output in the form of steam,
indicating a reasonably efficient conversion process.

In terms of operational parameters, the system required about 3 hours of heat-up time from a cold start to the
point of consistent steam generation. Fuel consumption during this period amounted to 35 kg of wood, which
was sufficient to sustain the steam output. The pressure was manually regulated and remained stable within the
range of 2 to 5 bar, ensuring consistent operation without significant fluctuations.

Safety aspects of the system were also rigorously tested and validated. The safety valve was confirmed to
activate precisely at 5 bar pressure, aligning with the design specifications. Furthermore, a hydrostatic pressure
test conducted at 5 bar revealed no leaks, verifying the structural integrity of the boiler and associated
components. Water level was effectively monitored and managed through a manual gauge glass observation
system, which functioned reliably throughout the operation. These results collectively highlight the system's
operational stability, safety, and moderate efficiency, making it suitable for small-scale steam generation needs.

6. CONCLUSION

This project successfully achieved its primary objectives by demonstrating a fully functional steam generation
system that operates without the use of electronic components. The design and implementation highlighted the
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effectiveness of a manually controlled setup in producing dry steam reliably, making it suitable for use in
environments where simplicity and cost-effectiveness are critical. In addition to meeting technical goals, the
project offered valuable hands-on fabrication experience, allowing for practical learning in areas such as boiler
construction, pressure management, and safety validation.

The system also illustrated its potential for real-world applications, particularly in small-scale industries that
require modest steam output for processes like cleaning, heating, or mechanical operations. Its robust and
straightforward design makes it not only a viable operational tool but also an excellent training model for
educational purposes, offering students and technicians insight into thermal systems and boiler operations.
Overall, the project successfully combined theoretical knowledge with practical implementation, delivering a
functional, efficient, and educational steam generation unit.

7 CONCLUSIONS

This project successfully demonstrated a functional steam generation system operating entirely without
electronics, emphasizing the feasibility of a manually controlled, low-cost solution. Through the design,
fabrication, and testing processes, the project provided valuable practical experience, particularly in areas such
as mechanical assembly, thermal system integration, and safety validation. The boiler system not only met its
performance goals by generating dry steam at a stable pressure but also proved its utility in real-world scenarios.
Its applicability to small-scale industries highlights the relevance of such systems in resource-constrained
environments where simplicity, reliability, and affordability are essential. Furthermore, the setup serves as an
excellent training tool for students and technicians, bridging the gap between theoretical concepts and hands-on
learning. Overall, the project stands as a successful demonstration of steam generation technology with
practical, educational, and industrial significance.
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