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Explore the innovative use of fiber lasers for direct heat delivery in a supercritical CO₂ closed-loop turbine system, enhancing
efficiency, precision, and response times compared to traditional heat exchangers. Discover how this cutting-edge approach offers
rapid, on-demand heating, minimizes thermal resistance, reduces maintenance, and optimizes performance in compact, high-
efficiency power generation setups.



Fiber Laser in Gas Turbine

Fiber lasers have not commonly been used as ignitors in gas combustion turbines. Most traditional gas turbine ignitors rely on spark plugs or plasma-based ignition systems, which provide a high-
temperature arc or spark to ignite the fuel-air mixture directly. However, there are a few reasons why fiber lasers could theoretically offer potential benefits as ignitors:

Potential Advantages of Fiber Laser Ignition in Gas Turbines
1. Precise and Controlled Ignition: A fiber laser could deliver a highly focused, controlled beam that can initiate combustion with precise timing and energy, potentially enhancing efficiency and
stability, especially in challenging ignition conditions.

2. Reliability and Durability: Fiber lasers are known for their long lifespan and robustness, which could theoretically reduce maintenance requirements compared to traditional spark plugs, which wear
out due to electrode erosion.

3. Remote Ignition Capability: Using fiber optics, the laser source could be positioned away from the combustion chamber, allowing the beam to be directed to the ignition zone with minimal physical
interference. This can reduce exposure to high temperatures and harsh environments, protecting sensitive equipment.

Challenges with Fiber Laser Ignition in Gas Turbines
1. Energy Requirements: Gas turbines require significant heat energy to initiate combustion. Fiber lasers would need to operate at very high power levels to ignite fuel-air mixtures reliably, which may
require advanced cooling systems and substantial electrical power.

2. Compatibility with Fuel-Air Mixtures: Fiber lasers would need to deliver a wavelength that interacts well with the specific gas or fuel-air mixture to generate enough local heat for ignition. This may
not be as straightforward as using a traditional spark, which directly introduces a high-temperature arc into the fuel mixture.

3. Cost and Complexity: High-power fiber laser systems can be costly, and integrating them into a gas turbine ignition system would introduce additional design complexities. In many cases, simpler
and well-established spark or plasma ignitors may be more practical and cost-effective.

Research and Applications
While there has been research into laser ignition in combustion engines (including some experimental systems for internal combustion engines and stationary gas engines), these usually rely on non-
fiber lasers, such as Nd:YAG lasers, which have high peak power and are better suited for the short, intense bursts needed for ignition.

In summary, while fiber lasers offer interesting advantages for precise control and durability, they have not yet been adopted as ignitors in gas combustion turbines. Traditional ignition methods
currently remain more practical and cost-effective. Fiber laser ignition might be more applicable in specialized or future systems if the technology advances to overcome current limitations.
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Fiber Laser in Supercritical CO2 Closed Loop Turbine for HVAC and Power Generation

Integrating a fiber laser to deliver heat directly into a supercritical CO₂ stream, rather than relying on a traditional heat
exchanger, could offer several potential advantages:

1. Direct Heat Delivery
   • Efficiency Improvement: Fiber optics allow precise, focused delivery of laser heat directly into the CO₂ stream,
minimizing losses associated with heat transfer surfaces in traditional heat exchangers. This could improve thermal
efficiency, as energy goes directly into the CO₂ with minimal loss.
   • Reduced Thermal Resistance: Traditional heat exchangers rely on conduction and convection through solid
materials, which introduce thermal resistance. Direct heating with a laser bypasses these materials, reducing
resistance and potentially increasing the rate at which CO₂ reaches the desired temperature.

2. Rapid, On-Demand Heating
   • Faster Response Times: Lasers can be turned on and off instantly, enabling precise control over the heating
process. This can be particularly useful for applications requiring rapid adjustments in heat input, improving system
responsiveness.
   • Localized Heating Control: The heat delivered by a fiber laser can be finely tuned and directed, allowing for control
over specific sections of the CO₂ stream. This would enable localized heating, potentially allowing for better
thermodynamic control in the system.

3. Compact and Lightweight Design
   • Space-Saving: Fiber optic systems can be compact, reducing the overall system footprint. This could enable a
more compact, lightweight heat source compared to bulky heat exchangers, which may be beneficial in applications
where space or weight is constrained.
   • Elimination of Large Heat Exchanger Components: With direct laser heating, large and heavy heat exchanger
materials might no longer be needed, simplifying the design and possibly reducing maintenance.

4. Reduced Maintenance and Scaling Issues
   • Minimized Fouling: Heat exchangers in closed-loop systems can accumulate scaling or fouling over time,
decreasing efficiency. A fiber laser delivering heat directly into the CO₂ may be less susceptible to such issues,
reducing maintenance demands.
   • Extended Equipment Lifespan: Without the buildup of scale or the wear from thermal cycling in physical heat
exchanger components, the system could have a longer lifespan with reduced operational downtime.

5. Potential for High-Temperature Applications
   • Access to Higher Temperatures: Fiber lasers can achieve very high temperatures, potentially enabling higher heat
input directly to the CO₂. This could allow operation at higher thermodynamic efficiency levels than what some
traditional heat exchangers can achieve within the same footprint.

Challenges to Consider:
   • CO₂ Absorption of Laser Energy: Ensuring that CO₂ absorbs laser energy efficiently might require specific
wavelengths, which may limit available fiber laser options or add complexity in system design.
   • Safety Concerns: High-power lasers introduce safety considerations and require proper shielding and controls to
prevent accidental exposure or equipment damage.
   • Energy Consumption: Fiber lasers consume significant electrical energy, so a careful analysis of the system’s net
energy gain is necessary to confirm whether the efficiency benefits outweigh the laser’s power requirements.

Conclusion
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Fiber Laser in Supercritical CO2 Closed Loop Turbine for HVAC and Power Generation

Integrating a fiber laser to deliver heat directly into a supercritical CO₂ stream, rather than relying on a traditional heat exchanger, could offer several potential advantages:

1. Direct Heat Delivery
   • Efficiency Improvement: Fiber optics allow precise, focused delivery of laser heat directly into the CO₂ stream, minimizing losses associated with heat transfer surfaces in traditional heat
exchangers. This could improve thermal efficiency, as energy goes directly into the CO₂ with minimal loss.
   • Reduced Thermal Resistance: Traditional heat exchangers rely on conduction and convection through solid materials, which introduce thermal resistance. Direct heating with a laser bypasses
these materials, reducing resistance and potentially increasing the rate at which CO₂ reaches the desired temperature.

2. Rapid, On-Demand Heating
   • Faster Response Times: Lasers can be turned on and off instantly, enabling precise control over the heating process. This can be particularly useful for applications requiring rapid adjustments in
heat input, improving system responsiveness.
   • Localized Heating Control: The heat delivered by a fiber laser can be finely tuned and directed, allowing for control over specific sections of the CO₂ stream. This would enable localized heating,
potentially allowing for better thermodynamic control in the system.

3. Compact and Lightweight Design
   • Space-Saving: Fiber optic systems can be compact, reducing the overall system footprint. This could enable a more compact, lightweight heat source compared to bulky heat exchangers, which
may be beneficial in applications where space or weight is constrained.
   • Elimination of Large Heat Exchanger Components: With direct laser heating, large and heavy heat exchanger materials might no longer be needed, simplifying the design and possibly reducing
maintenance.

4. Reduced Maintenance and Scaling Issues
   • Minimized Fouling: Heat exchangers in closed-loop systems can accumulate scaling or fouling over time, decreasing efficiency. A fiber laser delivering heat directly into the CO₂ may be less
susceptible to such issues, reducing maintenance demands.
   • Extended Equipment Lifespan: Without the buildup of scale or the wear from thermal cycling in physical heat exchanger components, the system could have a longer lifespan with reduced
operational downtime.

5. Potential for High-Temperature Applications
   • Access to Higher Temperatures: Fiber lasers can achieve very high temperatures, potentially enabling higher heat input directly to the CO₂. This could allow operation at higher thermodynamic
efficiency levels than what some traditional heat exchangers can achieve within the same footprint.

Challenges to Consider:
   • CO₂ Absorption of Laser Energy: Ensuring that CO₂ absorbs laser energy efficiently might require specific wavelengths, which may limit available fiber laser options or add complexity in system
design.
   • Safety Concerns: High-power lasers introduce safety considerations and require proper shielding and controls to prevent accidental exposure or equipment damage.
   • Energy Consumption: Fiber lasers consume significant electrical energy, so a careful analysis of the system’s net energy gain is necessary to confirm whether the efficiency benefits outweigh the
laser’s power requirements.

Conclusion
Using a fiber laser to heat CO₂ directly in a closed-loop supercritical CO₂ compressor-turbine system can potentially improve efficiency, responsiveness, and system compactness, provided that the
CO₂ can absorb the laser energy effectively. This approach would benefit applications where precise control, fast response times, and minimal maintenance are priorities.
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