
Infinity Turbine Cluster Mesh Power
Generation system with supercritical CO₂ and

a vortex tube to simultaneously generate
electricity, cooling, and heating for data

centers, improving efficiency with no moving
parts in the HVAC process

https://infinityturbine.com/waste-heat-data-center-sco2-turbine-hvac-vortex-tube-by-infinity-turbine.html

Infinity Turbine
LLC

 This webpage QR code

  PDF Version of the webpage (maximum 10 pages)

+1-608-238-6001 (Chicago
Time Zone USA)
greg@infinityturbine.com

 [ TEL ]

 [ Email  ]

Discover how Infinity Turbine’s Cluster Mesh Power Generation system uses supercritical
CO₂ and a vortex tube to simultaneously generate electricity, cooling, and heating for data
centers, improving efficiency with no moving parts in the HVAC process.



Revolutionizing Data Center Cooling and Power Generation with Infinity Turbine's Supercritical CO₂ and Vortex
Tube Technology

As data centers continue to grow in size and energy demand, innovative solutions are necessary to meet the cooling and power challenges they face. The Infinity Turbine Cluster Mesh Power
Generation system is at the forefront of this revolution, utilizing supercritical CO₂ in combination with a vortex tube for a unique approach that simultaneously produces electricity, cooling, and heating
—all with minimal moving parts.

The Concept

The Infinity Turbine operates with supercritical CO₂ as the working fluid. It outputs gas at 650 psi, which is then processed through a vortex tube. This clever device splits the gas into two streams:
1. Cold Stream: Used for direct HVAC cooling in the data center.
2. Hot Stream: Recycled back into the turbine heat exchanger to improve the efficiency of the system and for additional heating, ultimately leading to more efficient power generation.

Vortex Tube HVAC with No Moving Parts

The vortex tube, despite its simplicity, plays a crucial role in enhancing both the power generation and HVAC processes. By dividing the energy into cold and hot streams, the vortex tube provides
cooling without the need for complex moving parts, making it a highly reliable option for data centers where uptime is critical.

Energy Distribution and Coefficient of Performance (COP)

From the total input of 250,000 BTU of thermal energy:
• Cooling Output: The cold stream provides 75,000 BTU of cooling, at temperatures as low as 5°F to 10°F (-15°C to -12°C).
• Heating Output: The hot stream contains 175,000 BTU of heat energy at around 220°F to 250°F (104°C to 121°C), which can be used to reheat and enhance the turbine's efficiency.

The system benefits from a unique synergy between electricity generation and HVAC, where the vortex tube’s cold output provides efficient data center cooling, while the hot stream is recycled to
reheat and improve the overall system efficiency.

Coefficient of Performance (COP) of the Vortex Tube

The COP of the vortex tube can be calculated as the ratio of the cooling energy output to the total energy input. With a cooling output of 75,000 BTU and an energy input of 250,000 BTU, the COP is:

\[
COP = \frac{{\text{{Cooling Output (75,000 BTU)}}}}{{\text{{Total Energy Input (250,000 BTU)}}}} = 0.3
\]

This COP is respectable for a system with no moving parts, showing the efficiency of the vortex tube in utilizing high-pressure CO₂ to generate both cooling and heating.

Electricity Generation and Cycle Efficiency

In addition to HVAC, the system generates electricity by first utilizing the CO₂'s pressure to drive an electrical generator. The combination of the electricity generated and the simultaneous HVAC
functions results in a highly efficient system for data centers.

Summary of Benefits:
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COP

To increase the Coefficient of Performance (COP) without using a vortex tube, the focus should shift to maximizing
efficiency in other areas of the system. Here's how you can improve the COP for a turbine powered by CO₂ with an
output of 650 psi and 47°F:

1. Recover and Recycle Waste Heat (Regenerative Cycle)
   A regenerative heat exchanger can be introduced to capture some of the waste heat from the CO₂ as it exits the
turbine. This heat can then be used to preheat the CO₂ before it enters the turbine, reducing the amount of external
heat energy required to drive the system. By recycling waste heat, less energy is lost, and the COP improves as more
useful work is derived from the same input energy.

   • Method: Use a regenerator to transfer heat from the low-pressure CO₂ exiting the turbine to the high-pressure CO₂
before it enters the heat exchanger.
   • Result: Reduced external heating requirements, increased system efficiency.

2. Use a Multi-Stage Turbine with Reheating
   Instead of a single turbine stage, implementing a multi-stage turbine design with intermediate reheating can increase
both the work output and the COP. Reheating the CO₂ between turbine stages allows for higher power extraction
without dropping the temperature or pressure too much in a single pass.

   • Method: After the first turbine stage, reheat the CO₂ to a higher temperature and feed it into the second turbine
stage.
   • Result: Increased efficiency and more work extracted per unit of input energy.

3. Optimize the Compression and Expansion Ratios
   By carefully optimizing the pressure ratios between the compressor (if used in the cycle) and the turbine, you can
maximize the work done by the CO₂ during expansion, thereby increasing the COP. Keeping the pressure and
temperature differentials optimized ensures more efficient energy extraction.

   • Method: Use a compressor or turbine configuration that matches the ideal thermodynamic cycle for CO₂. Ensure
minimal losses during the compression and expansion processes.
   • Result: Better use of pressure differentials for work extraction, leading to higher efficiency.

4. Utilize Supercritical CO₂ for Higher Efficiency
   Operating the system at supercritical pressures (above 1,070 psi for CO₂) and temperatures (above 87°F) allows the
CO₂ to behave more like a liquid, reducing compression work and increasing thermal efficiency. At 650 psi, the CO₂ is
not supercritical, but adjusting the cycle to push beyond the critical point can significantly enhance performance.

   • Method: Modify the cycle to operate at supercritical pressures and temperatures.
   • Result: Enhanced heat transfer properties and more efficient compression and expansion processes.

5. Integrate Advanced Cooling Techniques
   Rather than relying on vortex tube cooling, you can use other advanced cooling methods that improve COP. For
example, integrating phase change materials (PCMs) for cooling can store and release thermal energy more efficiently.
Direct liquid cooling systems (using water or oil) can also help dissipate heat more effectively than air-based systems.

   • Method: Use phase change materials or liquid cooling for efficient heat dissipation from the system.
   • Result: Reduced heat buildup, allowing the turbine to operate more efficiently.
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6. Implement Isentropic Compression and Expansion
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Cycle Data

If the turbine's entry temperature is increased by using the hot gas from the vortex tube (175,000 BTU at 250°F) to raise the CO₂'s temperature beyond its initial 220°F, this would significantly increase
the energy available for work extraction, thus improving the turbine's electrical output.

Steps for Estimating the New Electrical Output:
1. Base Performance: From the provided document, the turbine at an entry temperature of 220°F produces about 13.99 kW at 650 psi.

2. Effect of Temperature Increase: If we raise the temperature from 220°F to 250°F, the higher temperature will increase the specific enthalpy of the CO₂ entering the turbine, leading to greater energy
extraction. This can be approximated using the relationship between the temperature and the enthalpy of supercritical CO₂.

The general trend is that increasing the inlet temperature to 250°F should proportionally increase the output power. Since power output is roughly proportional to the enthalpy change (which is closely
tied to temperature), we can estimate the new power output by calculating the ratio of the new temperature to the original temperature and applying this factor to the base power.

\[
\text{New Power} = \text{Old Power} \times \left( \frac{{\text{New Temperature}}}{{\text{Old Temperature}}} \right)
\]

Let's compute the new power output with this increase in temperature.

By increasing the turbine entry temperature from 220°F to 250°F using the hot gas from the vortex tube, the estimated electrical output increases from 13.99 kW to approximately 15.90 kW. This
improvement is a direct result of the higher temperature, which allows more energy to be extracted from the CO₂ as it expands through the turbine.
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