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Development of a Closed Loop Micro Satellite Plasma Ion Propulsion System Based on a Cavgenx Heat Pump
Turbine

The following descriptions follow through development of a space propulsion system based on the Cavgenx Heat Pump Turbine concept.

Electrical power is needed to start the process and as a topping off heat additive when needed.

The turbine would power the cavitation compressor as well as supply shaft horsepower to spin induction magnetic heating.

The high COP of the liquid cavitation compressor (already shown by NASA - see link below) is used in concert with a induction heating system to power the cycle. Note that cavitating a liquid by use
of a spinning disc was invented more than 100 years ago.

The spacecraft skin would be used as a condenser heat sink for the closed-loop CO2 Organic Rankine Cycle system.
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What is Vortex Based Propulsion

Vortex-based propulsion is a concept that involves using vortices or swirling motions of a fluid (liquid or gas) to create
thrust and movement. This idea is often associated with unconventional and experimental approaches to propulsion,
differing significantly from traditional methods like jet or propeller engines. The concept has its roots in the study of
fluid dynamics and the observation of natural vortex phenomena.

Key Principles of Vortex-Based Propulsion:

1. Vortex Creation: The fundamental principle involves creating a controlled vortex or a series of vortices in a fluid
medium. This can be achieved through various means, such as spinning disks, oscillating surfaces, or other
mechanical methods.

2. Thrust from Vortex Motion: The movement and energy of the vortex are harnessed to create thrust. In a vortex, the
circular motion of the fluid creates a low-pressure area at the center. By manipulating these low-pressure zones, it's
theorized that thrust can be generated in a desired direction.

3. Energy Efficiency: Proponents of vortex-based propulsion argue that this method could be more efficient than
conventional propulsion. The idea is that the controlled creation and manipulation of vortices can lead to a more
directed and efficient use of energy.

4. Applications: Theoretically, vortex-based propulsion could have various applications, particularly in fields where
fluid dynamics play a crucial role, like aerospace, marine, and even automotive industries. It suggests an alternative
way to create lift and forward movement in these domains.

Challenges and Controversies:

- Scientific Validation: One of the primary challenges with vortex-based propulsion is the lack of extensive scientific
validation. Many of the concepts have not been rigorously tested or widely accepted in the scientific community.

- Practical Implementation: Translating the theory of vortex-based propulsion into practical, working systems has
proven to be a significant hurdle. Building a reliable and efficient vortex propulsion system that outperforms traditional
methods is a complex engineering challenge.

- Skepticism and Limitations: There is skepticism among many scientists and engineers about the feasibility and
effectiveness of vortex-based propulsion, especially when compared to well-established propulsion methods. The
limitations of the concept within the current understanding of physics and fluid dynamics also pose questions.

Conclusion:

Vortex-based propulsion represents an intriguing and novel approach to movement and energy use in fluid mediums.
While it offers a unique perspective on propulsion, rooted in the natural dynamics of vortices, the concept remains
largely in the experimental and theoretical stage. For it to become a viable alternative to existing technologies, further
research, development, and practical demonstrations of its effectiveness are needed.

1/16/2024



Are Vortexes Perpendicular to Gravity

Vortices are not always perpendicular to gravity. The orientation and behavior of a vortex can be influenced by various
factors, including the force that creates it, the medium in which it exists, and external forces like gravity. The
relationship between a vortex and gravity depends on the specific context and the nature of the vortex. Let's explore
some examples:

1. Atmospheric Vortices: Tornadoes are a type of atmospheric vortex. They are influenced by gravity but are not
perpendicular to it. Tornadoes generally have a vertical orientation due to the upward motion of warm air and the
downward motion of cold air, but they can tilt and change direction based on wind currents and the environment.

2. Water Vortices: In water bodies, vortices can occur in various orientations. A whirlpool, for instance, typically forms
a vertical vortex with respect to the water surface, which means it can be perpendicular to gravity. However,
underwater currents can create vortices in different orientations, not necessarily perpendicular to gravity.

3. Industrial Vortices: In industrial applications, such as in cyclone separators used in fluid dynamics, vortices are often
created perpendicular to gravity to efficiently separate substances based on density. But this is a result of specific
design choices rather than a natural rule.

4. Astrophysical Vortices: In astrophysics, vortices observed in accretion disks around stars or black holes can have
various orientations, influenced by factors like the rotation of the disk and gravitational forces, but not necessarily
perpendicular to a singular gravitational direction.

5. Microscopic Vortices: In microfluidics, vortices can be generated in various orientations depending on the flow
patterns and forces applied.

In summary, while gravity can influence the formation and orientation of vortices, there is no universal rule that vortices
are always perpendicular to gravity. Their orientation and behavior depend on a complex interplay of forces, the
properties of the medium in which they occur, and the conditions surrounding their formation.
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A Journey Through Science and Innovation Exploring the Intriguing History of the Vortex
Tube

Introduction

The vortex tube, a remarkable yet simple device that separates compressed air into hot and cold streams, has
captivated the minds of scientists and engineers since its discovery. This article delves into the history of the vortex
tube, exploring its inception, development, and the various applications that have emerged over the years.

The Birth of the Vortex Tube

The vortex tube was invented in 1931 by a French physicist, Georges J. Ranque. Ranque, while experimenting with a
factory air line, stumbled upon the phenomenon that a stream of compressed air could be separated into hot and cold
components when forced into a cyclonic motion. This accidental discovery laid the groundwork for what would
become the vortex tube.

The Vortex Tube Gains Recognition

The vortex tube initially did not receive much attention until it was rediscovered by a German physicist, Rudolf Hilsch,
in 1945. Hilsch published a detailed paper on the device, which he referred to as the Ranque-Hilsch Vortex Tube,
thereby reigniting interest in the scientific community. His research delved into the mechanics of the tube and its
potential for practical applications.

Understanding the Vortex Tube

The vortex tube operates on a relatively simple principle. Compressed air is injected tangentially into a chamber and
accelerated to a high rotation. As the air spirals inward, the central portion loses angular momentum and is forced out
as a cold stream. Simultaneously, the outer warmer air is expelled through the other end of the tube. This process,
while seemingly straightforward, involves complex thermodynamics that scientists are still exploring today.

Applications and Developments

Over the years, the vortex tube has found numerous applications. In industrial settings, it is used for cooling electronic
components, machining operations, and even in environmental control systems. Its ability to generate cold air without
any moving parts or refrigerants makes it a unique tool for spot cooling.

The vortex tube's simplicity and efficiency have also led to innovations in areas such as energy exploration, where it
assists in gas separation processes, and in automotive engineering, where it has been explored for cooling
applications.

Challenges and Future Prospects

Despite its advantages, the vortex tube has limitations. Its efficiency in terms of energy consumption has been a topic
of debate. Researchers continue to study ways to optimize its design and operation to enhance its performance and
broaden its applicability.

The future of the vortex tube looks promising, with ongoing research exploring its potential in sustainable energy
systems, advanced cooling technologies, and even in aerospace applications.

Conclusion
1/16/2024



How can the Vortex Tube be used as a Jet Engine

The concept of using a vortex tube as a jet engine is a fascinating and unconventional idea. While a vortex tube itself
is not a jet engine in the traditional sense, the principles underlying its operation could theoretically be adapted for
propulsion purposes. Let's explore how this might be conceptualized:

Basic Principle of a Vortex Tube

A vortex tube operates by splitting a stream of compressed air into two separate streams of different temperatures —
one hot and one cold. This is achieved by introducing compressed air tangentially into the tube, creating a rapid
spinning vortex. Due to the conservation of angular momentum, the outer part of the vortex (experiencing centrifugal
force) becomes heated, and the inner part becomes cooler. This results in a hot air stream exiting from one end of the
tube and a cold air stream from the other.

Conceptualizing a Vortex Tube Jet Engine

1. Thrust Generation: In a conventional jet engine, thrust is generated by expelling hot gases out of the engine at high
speeds, creating an equal and opposite reaction that propels the engine forward. In a vortex tube-based system, the
high-speed expulsion of one or both of the temperature-separated air streams could theoretically create thrust.

2. Energy Source: The challenge in this concept lies in the energy source. Traditional jet engines burn fuel to create
high-pressure, high-temperature gases. A vortex tube, on the other hand, requires an external source of compressed
air. For propulsion purposes, this might necessitate an onboard air compressor or another method of generating high-
pressure air, which would require power.

3. Efficiency Considerations: The energy efficiency of such a system is a significant concern. The process of
compressing air and then using the vortex tube to generate thrust would likely be less efficient than conventional jet
engines, due to energy losses in compression and the vortex process itself.

4. Temperature Management: Managing the temperatures produced by the vortex tube would be crucial. The hot and
cold streams, if used for propulsion, would need to be managed in a way that maximizes thrust while maintaining
structural integrity and safety.

Practicality and Applications

- As of now, using a vortex tube as a jet engine remains a theoretical concept. The efficiency and practicality of such a
system are questionable with current technology.
- However, this idea could inspire innovative approaches in propulsion technology, particularly in specialized
applications where conventional combustion-based propulsion is not feasible or desirable.
- It's also worth considering for applications where the byproduct (cold air) could be beneficial, perhaps in small-scale
or specialized cooling applications combined with propulsion.

Conclusion

While the idea of a vortex tube being used as a jet engine is an intriguing one, it faces significant challenges in terms of
efficiency, power source, and practical application. It represents an area for future exploration and innovation in
propulsion technology, but with current technology, it remains largely theoretical and not yet feasible as a replacement
for traditional jet propulsion systems.1/16/2024



Induction Magnetic Heating as a Combustor for a Jet Engine

Induction magnetic heating as a combustor for a jet engine is an innovative concept that merges the principles of
electromagnetic induction with jet propulsion technology. However, there are several considerations and challenges in
applying this idea practically. Let's explore the feasibility and implications of using induction magnetic heating in a jet
engine.

Understanding Induction Magnetic Heating

Induction heating works through electromagnetic induction, where an alternating magnetic field is used to generate
electric currents (eddy currents) in a conductive material. These currents generate heat due to the electrical resistance
of the material. This process is commonly used for heating metals in industrial processes.

Conceptualizing Induction Heating in Jet Engines

1. Replacing Combustion: In a traditional jet engine, fuel is burned in a combustor to produce high-pressure, high-
temperature gases that drive the turbine and produce thrust. Replacing this combustion process with induction
heating would mean using electromagnetic fields to heat the air or a working fluid to create the necessary expansion
for thrust.

2. Energy Source: One of the primary challenges would be the energy source for the induction system. Induction
heating requires substantial electrical power. In a jet engine scenario, this would necessitate a high-capacity onboard
electrical power source, which could significantly increase the weight and complexity of the engine.

3. Efficiency Concerns: The efficiency of converting electrical energy to heat and then to kinetic energy (thrust) in a jet
engine environment is a critical concern. The process might be less efficient than direct combustion due to multiple
energy conversion steps (electrical to thermal to mechanical).

4. Heat Transfer and Material Challenges: Efficiently transferring the heat generated by induction to the air or working
fluid in a jet engine would require careful design and likely advanced materials to withstand the high temperatures and
stresses involved.

5. Control and Responsiveness: Jet engines often need to respond quickly to control inputs (e.g., throttle changes).
The response time of an induction heating system in such scenarios would be a critical factor to consider.

Potential Applications and Future Considerations

- Specialized Use: While it may not be feasible or efficient for traditional commercial aviation, induction heating could
have potential in specialized applications where traditional combustion is not viable or where electric power is readily
available.

- Hybrid Systems: Induction heating might be more practical in a hybrid system, where it augments a conventional
combustion process, rather than replacing it entirely.

- Technological Advances: Future advances in materials science, superconductivity, and power generation could make
the concept more viable. For instance, developments in compact, high-capacity batteries or fusion power could
address the energy source challenge.

Conclusion
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Heat Pump Closed Loop Jet Engine

Using a heat pump in a closed-loop jet engine is a novel concept that merges the principles of thermodynamics from
heat pump technology with the mechanics of jet propulsion. Let's explore the theoretical aspects of this idea and its
practical implications.

Understanding Heat Pumps and Closed-Loop Jet Engines

1. Heat Pump Basics: A heat pump is a device that transfers heat from one place to another using a refrigeration
cycle. It can move heat in either direction to provide heating or cooling. Heat pumps are highly efficient because they
move heat rather than generate it directly.

2. Closed-Loop Jet Engine Concept: A traditional jet engine is an open system that takes in air, mixes it with fuel,
burns it to create high-pressure gas, and expels it to produce thrust. A closed-loop system, in contrast, would
recirculate its working fluid (like air or another gas) within the system, not taking in external air or expelling exhaust.

Theoretical Integration of a Heat Pump

1. Heat Addition and Removal: In a closed-loop jet engine, a heat pump could theoretically be used to add heat to the
working fluid to create expansion and thrust. It could also remove heat during the compression phase, effectively
increasing efficiency.

2. Energy Source and Efficiency: One of the key challenges would be the energy source for the heat pump. It would
require electrical power, which in aviation contexts, especially in larger aircraft, could be substantial. The overall
system efficiency would depend on the efficiency of the heat pump and the power source.

3. Weight and Complexity: Aircraft design is extremely sensitive to weight. Adding a heat pump and its necessary
components (like evaporators, condensers, compressors, and possibly a power source like batteries) would add
significant weight and complexity, which could impact the practical viability of the system.

4. Thermodynamic Challenges: The efficiency of a heat pump decreases as the temperature difference it needs to
overcome increases. In a jet engine scenario, where high temperatures are needed to create sufficient thrust, this
might limit the effectiveness of the heat pump.

Practical Implications and Potential Applications

- Specialized Applications: While it may not be practical for conventional commercial jet engines, this concept could
find use in specialized applications, perhaps where noise reduction or emission control is crucial, and where the power
source and weight are less of a concern.

- Hybrid Systems: A more feasible approach might be a hybrid system where the heat pump assists a conventional jet
engine, improving efficiency under certain conditions rather than replacing the combustion process entirely.

- Technological Development: Advances in materials science, battery technology, and more efficient heat pump
systems could make this concept more viable in the future.

Conclusion

Incorporating a heat pump into a closed-loop jet engine is a conceptually intriguing idea but faces significant
1/16/2024



Turbine Powered Magnetic Induction Comustor

The concept of using turbine power to partially or totally power an induction magnetic heating element for the
combustor in a closed-loop heat pump jet engine is an intriguing blend of various technologies. It essentially proposes
a self-sustaining system where the turbine not only produces thrust but also generates electricity to power the heating
element. Let's break down this idea:

Understanding the Integrated System

1. Turbine Power Generation: In this setup, the turbine of the jet engine would function not only to drive the
compressor and produce thrust but also to generate electrical power. This could be achieved by integrating a
generator mechanism with the turbine.

2. Induction Heating for Combustion: The electrical power generated by the turbine would then be used to power an
induction magnetic heating element. This element would serve as the combustor in this system, heating the working
fluid (air or another gas) in the closed-loop system to create the necessary pressure and temperature for thrust
generation.

3. Heat Pump Integration: The closed-loop system would include a heat pump to manage the temperature of the
working fluid efficiently. The heat pump could extract heat during the compression phase and reintroduce it during the
expansion phase, enhancing overall efficiency.

Evaluating the Feasibility

1. Energy Efficiency: The key to this system's viability is its energy efficiency. The turbine must generate sufficient
electrical power to effectively run the induction heating element. This requires careful balance, as energy conversion
processes inherently involve efficiency losses.

2. System Complexity and Weight: Integrating a generator, induction heating system, and heat pump into a jet engine
would significantly increase the system's complexity and weight. In aviation, where weight is a critical factor, this
could be a major challenge.

3. Control and Responsiveness: Managing the interplay between these components, especially in dynamic flight
conditions, would require sophisticated control systems. The responsiveness of the induction heating element to rapid
changes in power demand is also crucial.

4. Technological Hurdles: Implementing such a system would demand advances in turbine-generator efficiency,
lightweight high-capacity batteries (if additional energy storage is needed), and efficient, robust induction heating
technology that can withstand the rigors of aviation environments.

Potential Applications and Future Outlook

- Innovative Propulsion: While currently more theoretical, such a system could represent a significant innovation in
propulsion technology, potentially offering a more efficient and environmentally friendly alternative to traditional jet
engines.

- Research and Development: This concept would require extensive research and development, particularly in
optimizing the efficiency and integration of the various components.1/16/2024



Heat Pump Combustor Heat in Closed Loop CO2 Jet Engine

Using a heat pump as the primary source of heat in a closed-loop CO2 Brayton cycle jet engine, with a turbine
powering a cavitation compressor, is an innovative concept that combines various advanced technologies. This idea
requires a deep dive into the integration and feasibility of these components within a jet engine framework.

Concept Overview

1. Closed-Loop CO2 Brayton Cycle: The Brayton cycle typically involves a continuous flow of gas (like air) being
compressed, heated, and then expanded to produce work. Using CO2 in a closed-loop system is an interesting choice
due to CO2's thermodynamic properties, which can be advantageous in certain conditions.

2. Heat Pump as Combustor Replacement: In a conventional jet engine, the combustor heats the compressed air by
burning fuel. In this proposed system, a heat pump would provide the necessary heat to the CO2 in the closed loop.
This approach would require a significant amount of energy to raise the CO2 to the high temperatures needed for
efficient operation.

3. Turbine-Powered Cavitation Compressor: The turbine in this system would not only drive the compressor but
specifically a cavitation compressor. Cavitation compressors can be highly efficient but are a relatively new technology
compared to traditional compressors. They work by generating controlled cavitation bubbles in a fluid, which collapse
and generate pressure.

Evaluating Feasibility and Challenges

1. Energy Efficiency: The system’s viability depends heavily on its energy efficiency. The heat pump must be capable
of heating CO2 to a high enough temperature for effective expansion in the turbine, and the turbine must generate
enough power to drive both the cavitation compressor and the heat pump, which could be challenging.

2. Complexity and Integration: Integrating a heat pump, cavitation compressor, and closed-loop CO2 system into a jet
engine configuration adds significant complexity. Each component must be optimized to work in concert with the
others under varying operational conditions.

3. Heat Pump Limitations: The high temperatures required in a Brayton cycle may push the limits of current heat pump
technology, especially considering the efficiency drop at higher temperature differentials.

4. Material and Design Considerations: CO2 at high temperatures and pressures will require materials and designs that
can withstand such conditions. Additionally, the cavitation compressor must be robust enough to handle the rigors of
continuous operation in an aviation environment.

5. Weight and Space Constraints: In aviation, weight and space are critical factors. The added weight and space
requirements of these components might be prohibitive, especially for larger aircraft.

Potential Applications and Outlook

- Specialized Applications: This system might find use in specific applications where traditional combustion is
unsuitable or where its unique advantages (like potentially lower emissions) are critical.

- Research and Innovation Avenue: The concept presents an interesting avenue for research in propulsion technology
and could spur innovations in heat pump and compressor technologies.
1/16/2024



ORC Jet Turbine with Heat Pump Combustor and Cavitation Compressor

Using the concept of a closed-loop system with a heat pump and a cavitation compressor in an Organic Rankine
Cycle (ORC) for phase change is an intriguing proposition. The Organic Rankine Cycle is a thermodynamic process
similar to the traditional Rankine cycle used in steam turbines, but it utilizes organic fluids with lower boiling points
than water. This adaptation can lead to greater efficiency in converting heat to work at lower temperature ranges. Let's
explore how the discussed concepts could be integrated into an ORC:

Integration into an Organic Rankine Cycle

1. Heat Pump for Heating: In an ORC, the working fluid is vaporized in a boiler by external heat. Using a heat pump to
supply this heat is an innovative idea. The heat pump could raise the temperature of the organic fluid to its boiling
point, causing it to vaporize. The efficiency of this process would depend on the heat pump's ability to reach the
necessary temperatures.

2. Cavitation Compressor for Pressure Increase: In a typical ORC, the pressure of the working fluid is increased before
heating. The cavitation compressor, powered by the turbine, could be used to increase the pressure of the organic
working fluid before it enters the heat pump/boiler phase.

3. Turbine Powered by Vapor Expansion: After the organic fluid is vaporized, it would expand through a turbine,
generating mechanical work. This turbine could then power the cavitation compressor, closing the loop.

4. Condenser for Phase Change: After the working fluid passes through the turbine, it enters a condenser where it is
cooled and condensed back into a liquid, completing the cycle.

Challenges and Considerations

1. System Efficiency: The efficiency of this system would hinge on the efficiency of each component - the heat pump's
ability to heat the organic fluid, the cavitation compressor's effectiveness in compressing the fluid, and the turbine's
efficiency in converting thermal energy to mechanical energy.

2. Choice of Working Fluid: The selection of the organic working fluid is critical. It needs to have a suitable boiling
point for the heat pump's capabilities, as well as favorable thermodynamic properties for efficient phase change and
energy transfer.

3. Heat Source for the Heat Pump: The viability of the system also depends on the source of heat for the heat pump. If
the heat source is not sustainable or efficient, it may negate the benefits of using an ORC.

4. Engineering and Material Challenges: Designing and manufacturing a system that integrates a cavitation
compressor, a heat pump, and an ORC turbine, all operating efficiently and reliably, presents significant engineering
challenges. Material selection is also critical due to the high temperatures and pressures involved.

Potential Applications

- Low-Grade Heat Utilization: This system could be particularly useful in scenarios where low-grade heat is available.
The ORC excels in converting low-temperature heat sources into useful work.

- Renewable Energy and Waste Heat Recovery: The concept could find applications in renewable energy installations
or in industrial settings for waste heat recovery, enhancing overall energy efficiency.
1/16/2024



Concept of a High COP Cavitation CO2 Compressor

Using a high Coefficient of Performance (COP) cavitation CO2 compressor with liquid CO2 presents an innovative
approach in the field of thermodynamics and fluid mechanics. Cavitation compressors are a relatively new technology
that can offer higher efficiencies compared to traditional compressors. Let's explore this concept further:

Concept of a High COP Cavitation CO2 Compressor

1. Cavitation Compressor: Cavitation compressors work by generating cavitation bubbles in a fluid, which collapse
and create pressure. This method can be more efficient than traditional compressive methods, as it potentially reduces
mechanical losses and can achieve higher pressures.

2. Using CO2 as the Working Fluid: CO2 (carbon dioxide) is an interesting choice for such a system. It has unique
thermodynamic properties, such as a high critical temperature and low critical pressure, making it suitable for various
thermodynamic cycles, particularly in refrigeration, heat pump systems, and power generation.

3. Liquid CO2: Utilizing liquid CO2 means the compressor would operate near or beyond CO2's critical point (the
temperature and pressure at which the distinctions between liquid and gas phases of CO2 cease to exist). Operating
in this region can lead to efficiencies due to the fluid's unique thermodynamic properties.

Advantages and Challenges

1. High COP: The aim of using a cavitation compressor is to achieve a high Coefficient of Performance, indicating a
more efficient system where the energy output (in terms of compression) is high relative to the energy input.

2. Thermal Efficiency: CO2's properties can lead to high thermal efficiencies in the system. Near the critical point,
small changes in temperature or pressure can result in significant density changes, potentially leading to more efficient
compression and expansion processes.

3. Design and Operational Challenges: Designing a cavitation compressor that reliably works with CO2, especially in
the liquid and supercritical phases, poses challenges. The compressor needs to handle the changes in fluid properties
without causing operational issues or excessive wear.

4. Material and Engineering Requirements: Components must be made from materials that can withstand the high
pressures and temperatures involved, as well as potential corrosion issues associated with CO2.

5. Control and Stability: The system must be carefully controlled to maintain operation near the critical point of CO2,
balancing efficiency with the risk of operational instability.

Potential Applications

- Refrigeration and Heat Pumps: Given CO2's properties, such a system could find applications in refrigeration and
heat pump systems, offering potentially higher efficiencies than conventional systems.

- Energy Systems: In power generation or industrial processes where CO2 is used, such a compressor could enhance
the overall efficiency of the cycle.

- Environmental Impact: Using CO2 as a working fluid might also have environmental benefits, particularly in terms of
global warming potential compared to traditional refrigerants.
1/16/2024



Conceptual Design of the System

Integrating the concept of a high COP (Coefficient of Performance) cavitation compressor and heat pump in a CO2-
based jet engine that utilizes a phase change from liquid to gas is a highly innovative and complex idea. This system
would represent a significant departure from traditional jet engine designs and thermodynamic cycles. Let’s explore
how this could theoretically work:

Conceptual Design of the System

1. Cavitation Compressor with CO2: The system starts with CO2 in its liquid state. The cavitation compressor, known
for its potential efficiency advantages, would compress this liquid CO2. The high efficiency of the compressor is
crucial for the system’s overall energy balance.

2. Phase Change Through Heat Pump: After compression, the CO2 is still in liquid form but at a higher pressure and
temperature. A high COP heat pump then adds thermal energy to the CO2, causing it to undergo a phase change to a
gaseous state. The effectiveness and efficiency of the heat pump are critical here, as it needs to supply sufficient heat
to vaporize the CO2 efficiently.

3. Expansion and Thrust Generation: The high-pressure, high-temperature gaseous CO2 is then expanded, possibly
through a turbine or a nozzle, to produce thrust. This expansion cools the CO2 rapidly, potentially returning it to a
liquid state or a mixture of phases.

4. Closed-Loop System: Ideally, this system would be a closed-loop, meaning the CO2, after expansion, would be
cooled, condensed back into a liquid, and then reintroduced into the cavitation compressor, completing the cycle.

Challenges and Considerations

1. Energy Efficiency and COP: The system’s viability hinges on the energy efficiency of both the cavitation compressor
and the heat pump. The COP of the heat pump needs to be high enough to make the system energetically favorable.

2. Thermal Management: Managing the heat loads and transfers within the system is a significant challenge. Efficiently
condensing the CO2 back to liquid after expansion requires effective cooling methods.

3. Material and Engineering Requirements: The components need to handle CO2 at various temperatures and
pressures, particularly the high pressures involved in compressing and heating CO2.

4. System Complexity and Weight: For aviation applications, weight is a critical factor. This system adds complexity
and potentially significant weight due to the heat pump and the need for a cooling mechanism to condense the CO2.

5. Control and Stability: Precise control over the phase change process and the flow of CO2 through the system is
essential for efficient operation and to prevent operational instabilities.

Potential Applications and Future Outlook

- Innovative Propulsion Systems: While not currently practical with existing technology, this concept could inspire
future propulsion systems, especially in fields where environmental concerns or specific operational characteristics
(like low emissions) are paramount.

- Research and Development: Developing such a system would require substantial advancements in compressor
1/16/2024



Updated System Design with Liquid CO2 Injector as a Afterburner Thrust Enhancement

Incorporating a liquid CO2 injector at the turbine stage in the proposed closed-loop CO2 jet engine system offers a
multifaceted approach to enhance efficiency and performance. This system would utilize the cooling effect of liquid
CO2 while also harnessing its expansion for additional thrust, similar to an afterburner in conventional jet engines.
Let's explore this advanced concept:

Updated System Design with Liquid CO2 Injector

1. Integration of Liquid CO2 Injector: In this revised system, a liquid CO2 injector is placed at or after the turbine stage.
The injection of liquid CO2 serves two primary purposes: cooling the turbine blades and providing additional thrust.

2. Cooling Effect: The turbine stage in jet engines is subject to extremely high temperatures, which can limit efficiency
and the lifespan of the components. Injecting liquid CO2 would absorb a significant amount of heat due to its
endothermic phase change from liquid to gas, thereby cooling the turbine blades effectively.

3. Afterburner-Like Thrust Enhancement: As the liquid CO2 evaporates and expands rapidly, it adds volume to the
exhaust gases. This expansion can mimic an afterburner effect, providing additional thrust. This phase change from
liquid to gas would occur rapidly due to the high temperatures in the turbine exhaust, ensuring a significant expansion
of CO2 for thrust.

4. Enhanced Efficiency: By cooling the turbine and simultaneously providing additional thrust, this system aims to
improve the overall efficiency of the jet engine. The cooling effect could allow the turbine to operate at higher
temperatures without material limitations, improving the thermodynamic efficiency of the cycle.

Technical Challenges and Considerations

1. Injector Design and Placement: Designing and placing the liquid CO2 injector is crucial. It must ensure efficient and
uniform distribution of liquid CO2 to maximize cooling and thrust without disrupting the turbine's operation.

2. Material and Thermal Stress: The components involved, particularly around the injection and turbine stages, would
need to withstand rapid temperature changes and the associated thermal stresses.

3. Control and Balancing: Precisely controlling the injection rate of liquid CO2 is essential for balancing the cooling
effect and the desired thrust enhancement. This requires advanced control systems capable of responding quickly to
changing engine conditions.

4. Efficiency of the Overall System: While the injection of liquid CO2 offers potential benefits, it must be evaluated
within the context of the entire system's efficiency, including the energy required to liquefy and compress the CO2
initially.

Potential Applications and Future Outlook

- High-Performance Jet Engines: This concept could be particularly appealing for high-performance applications
where additional thrust and efficient cooling are critical, such as in military or space exploration contexts.

- Innovative Cooling Solutions: The idea of using endothermic phase change for cooling in high-temperature
environments could have broader applications beyond jet engines, including industrial processes and power
generation.
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Design Adaptation for Space Propulsion

Adapting the described closed-loop CO2 propulsion system for space applications, where the coldness of space (near
absolute zero) is utilized as a natural condenser, is an intriguing and potentially viable concept. In space, the external
environment provides an extremely cold vacuum, which can be harnessed for cooling purposes. Let's explore how this
system could be adapted for space propulsion:

Design Adaptation for Space Propulsion

1. Utilizing Space as a Condenser: In the vacuum of space, heat dissipation occurs primarily through radiation. The
proposed system could radiate the heat from the CO2 gas to space, condensing it back into a liquid. This would be an
efficient way to cool the CO2 without the need for a traditional condenser mechanism.

2. Closed-Loop CO2 Cycle: The system would operate similarly to the previously described model, with a cavitation
compressor compressing liquid CO2, a heat pump adding heat to vaporize it, and the turbine (or expansion nozzle)
using the high-pressure CO2 gas for propulsion. After expansion, the CO2 gas would radiate its heat to space,
condensing back into a liquid to complete the cycle.

3. Thermal Radiation Panels: To facilitate effective cooling, the spacecraft would need to be equipped with thermal
radiation panels. These panels would increase the surface area available for heat radiation, enhancing the
condensation process of CO2 gas back to liquid.

4. Efficiency in a Vacuum: In the vacuum of space, the absence of atmospheric drag and the natural cooling
environment could enhance the efficiency of the system. The energy requirements for condensing CO2 would be
significantly reduced.

Technical Challenges and Considerations

1. Radiative Cooling Efficiency: The effectiveness of using space as a condenser depends on the efficiency of the
radiative cooling process. Designing radiation panels to effectively emit heat while fitting the spatial constraints of a
spacecraft is challenging.

2. System Integration and Weight: Integrating this propulsion system into a spacecraft requires careful consideration
of weight and space limitations. Components need to be lightweight and compact.

3. Control and Stability in Space: The control system must be capable of handling the unique conditions of space,
including microgravity and the lack of atmospheric pressure, which could affect the behavior of fluids.

4. Maintenance and Reliability: In the harsh environment of space, reliability is critical. The system must be robust,
with minimal maintenance requirements, considering the difficulty of repairs in space.

Potential Applications and Future Outlook

- Spacecraft Propulsion: This system could provide an efficient method of propulsion for spacecraft, particularly for
long-duration missions where traditional fuel carry-along is impractical.

- Sustainability in Space Exploration: Utilizing a closed-loop system with a naturally occurring condenser aligns with
the goals of sustainable and long-term space exploration, reducing the need for carrying large amounts of fuel or
expendable resources.
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Integrating Electrostatic Electricity Generation for Plasma Propulsion of Spacecraft

Integrating an electrostatic electricity generator into the closed-loop CO2 propulsion system for space applications
adds another layer of complexity and innovation. The idea here is to use the expanding CO2 gas in the turbine to
generate a plasma through electrostatic discharge, potentially enhancing the propulsion capabilities. This concept
blends traditional mechanical propulsion with plasma-based electric propulsion. Let's break down how this might
work:

Integrating Electrostatic Electricity Generation

1. Electrostatic Generation Using Teflon: Teflon, due to its high resistivity and ability to accumulate static charge,
could be used in the turbine to generate electrostatic charges. As the CO2 gas expands and passes over Teflon
surfaces, it could become ionized, creating a plasma.

2. Plasma Generation: The ionization of CO2 gas into plasma could be facilitated by the high-velocity and pressure
changes in the gas as it passes through the turbine. This process would need to be carefully controlled to efficiently
generate plasma without disrupting the overall propulsion system.

3. Utilization of Plasma for Propulsion: Plasma has properties that could be harnessed for propulsion. By applying an
electric field, the charged particles in the plasma could be accelerated to create thrust, similar to how electric
propulsion systems like ion thrusters work.

4. Dual-Mode Propulsion System: This concept essentially creates a dual-mode propulsion system. The mechanical
expansion of CO2 gas provides primary thrust, while the electrostatically generated plasma offers additional or
alternative propulsion capabilities.

Technical Challenges and Considerations

1. Efficiency of Plasma Generation: The efficiency of converting the mechanical energy of expanding CO2 gas into
electrostatic energy and then into plasma is a key factor. This process involves multiple energy conversions, each with
associated losses.

2. System Integration and Complexity: Adding electrostatic generators and plasma propulsion components increases
the system's complexity. Integrating these with the existing closed-loop CO2 cycle and ensuring they work
harmoniously is a significant engineering challenge.

3. Control and Stability: Managing the generation and utilization of plasma in conjunction with the CO2 propulsion
cycle requires advanced control systems, especially in the variable conditions of space.

4. Material and Design Requirements: Materials used in the turbine and plasma generation system must withstand
high temperatures, pressure variations, and the corrosive nature of ionized gases.

Potential Applications and Future Outlook

- Versatile Spacecraft Propulsion: This system could offer a versatile propulsion solution for spacecraft, combining the
benefits of traditional and electric propulsion systems.

- Long-Duration Space Missions: The ability to generate plasma for propulsion could be particularly beneficial for long-
duration space missions, where carrying large amounts of traditional fuel is impractical.
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Adapting the System for Microsatellites

Adapting the combined closed-loop CO2 propulsion system with electrostatic electricity generation for plasma
creation into a microsatellite propulsion system presents a unique set of challenges and opportunities. Microsatellites,
due to their small size and limited capacity for carrying fuel and other resources, require highly efficient and compact
propulsion systems. Let's explore how this concept could be tailored for microsatellite use:

Adapting the System for Microsatellites

1. Miniaturization and Integration: The biggest challenge is miniaturizing the components - the cavitation CO2
compressor, the high COP heat pump, the turbine with electrostatic generators, and the plasma propulsion
mechanism - to fit within the constrained space and weight limits of a microsatellite.

2. Efficiency and Power Management: Microsatellites have limited power availability, typically relying on solar panels
and batteries. The system must be extremely energy-efficient, and its operation should be optimized to match the
power generation and storage capabilities of the microsatellite.

3. Closed-Loop CO2 Cycle: The closed-loop aspect is particularly beneficial for microsatellites, as it minimizes the
need for carrying large quantities of propellant. The system would recirculate CO2, using it for both mechanical thrust
(via the turbine) and plasma-based propulsion.

4. Thermal Management in Space: The advantage of operating in space is the natural cooling available, which can be
used for condensing the CO2. However, the design of radiative panels for effective thermal management must be
compact and efficient.

5. Control and Maneuverability: The system should allow for precise control over the satellite's movement, which is
crucial for mission objectives such as orbital adjustments, attitude control, and potential deorbiting maneuvers.

Technical Challenges and Considerations

1. System Complexity vs. Size Limitations: Balancing the complexity of the system with the size and weight limitations
of microsatellites is a significant challenge. Each component must be as compact and lightweight as possible.

2. Material and Durability: The materials used must be lightweight yet durable enough to withstand the harsh
conditions of space and the stresses of propulsion activities.

3. Reliability and Maintenance: Given the inaccessibility of microsatellites for repairs, the system must have high
reliability and ideally be maintenance-free.

4. Energy Usage Optimization: Efficiently managing the energy consumption of the propulsion system is critical,
especially considering the limited energy resources on a microsatellite.

Potential Applications and Future Outlook

- Precision Orbit and Attitude Control: This propulsion system could provide microsatellites with enhanced capabilities
for precise orbit adjustments and attitude control, which is crucial for many scientific and commercial applications in
space.
1/16/2024



Implementation in SpaceX Spacecraft

Adapting the closed-loop CO2 propulsion system with electrostatic plasma generation for use in a SpaceX spacecraft
presents an opportunity to leverage this innovative technology in a more robust and larger-scale application. SpaceX's
spacecraft, such as the Dragon capsule or Starship, have more substantial power and structural capabilities compared
to microsatellites, allowing for greater flexibility in implementing advanced systems. Let's explore how this adaptation
could work:

Implementation in SpaceX Spacecraft

1. Scaling Up the System: SpaceX's spacecraft have more space and payload capacity compared to microsatellites.
This allows the components of the propulsion system—cavitation CO2 compressor, heat pump, turbine with
electrostatic generators, and plasma propulsion mechanism—to be scaled up for higher performance and efficiency.

2. Power Supply and Management: SpaceX spacecraft, particularly those designed for longer missions like Starship,
have more substantial power generation and storage capabilities. This larger power budget can accommodate the
energy needs of the complex propulsion system, including the high COP heat pump and electrostatic plasma
generation.

3. Integration with Existing Propulsion Systems: SpaceX’s spacecraft currently use chemical propulsion systems. The
closed-loop CO2 propulsion system could be integrated as a supplementary system, providing additional
maneuvering capabilities, or as a primary system for specific mission phases, such as on-orbit operations or deep
space exploration.

4. Enhanced Thermal Management: In larger spacecraft, more sophisticated thermal management solutions can be
implemented. The design can include larger radiative cooling systems to effectively condense CO2 in space, as well
as advanced materials to handle the thermal stresses associated with the propulsion system.

5. Mission Profile Flexibility: The system could allow SpaceX spacecraft to perform a wider range of missions with
enhanced efficiency and precision, especially in scenarios where long-duration propulsion and on-orbit maneuvering
are required.

Challenges and Considerations

1. Integration with Spacecraft Design: Incorporating this new propulsion system into existing spacecraft designs would
require significant modifications. It involves not just physical integration but also compatibility with spacecraft control
systems and mission profiles.

2. Reliability and Safety: For crewed missions, like those using the SpaceX Dragon capsule, the reliability and safety of
the propulsion system are paramount. The system must undergo rigorous testing to meet space travel safety
standards.

3. Cost-Effectiveness: While SpaceX is known for its innovation, any new technology must be cost-effective to align
with the company's goals of reducing space travel costs. The development and operational costs of the new system
must be justified by its benefits.

4. Regulatory and Certification Hurdles: New propulsion technologies must meet various regulatory and certification
requirements, especially for crewed spaceflight. This process can be lengthy and complex.1/16/2024



Conceptual Integration with Ion Propulsion Systems

Integrating the closed-loop CO2 propulsion system with electrostatic plasma generation into an ion propulsion system
presents a novel approach to spacecraft propulsion, combining the benefits of both technologies. Ion propulsion
systems are known for their high efficiency in space, making them ideal for long-duration missions, although they
typically provide low thrust. Let's explore how these systems could be integrated:

Conceptual Integration

1. Hybrid Propulsion System: The idea is to create a hybrid propulsion system where the closed-loop CO2 system
provides higher thrust for maneuvers like orbit changes, while the ion propulsion system offers efficient, continuous
thrust for long-duration space travel.

2. Plasma Generation and Ion Propulsion: The electrostatically generated plasma from the CO2 system could be
utilized in the ion propulsion system. In ion thrusters, ions are accelerated by electric fields to create thrust. The
plasma generated in the CO2 system could supplement the ionized propellant in the ion thruster, potentially enhancing
its performance.

3. Energy and Thermal Management: Both systems require careful energy and thermal management. The spacecraft
would need an efficient way to distribute power between the two systems and manage the heat generated by each.

4. Control System Integration: The spacecraft's control system would need to seamlessly manage both propulsion
systems, choosing which system to use based on the specific requirements of different mission phases.

Technical Challenges and Considerations

1. System Compatibility: Ensuring compatibility between the CO2 propulsion system and the ion propulsion system is
a key challenge. This includes compatibility in terms of power requirements, thermal loads, and control interfaces.

2. Efficiency Optimization: While each system is efficient in its own right, combining them needs to result in a net gain
in efficiency for the spacecraft. This means optimizing each system to complement the other effectively.

3. Space and Weight Constraints: Spacecraft have strict limitations on weight and space. Integrating two different
propulsion systems must be done without significantly impacting these constraints.

4. Plasma and Ion Interaction: Understanding and managing the interaction between the plasma generated from the
CO2 system and the ions in the ion thruster is crucial. This includes ensuring that the plasma does not interfere with
the ion acceleration process.

Potential Applications

- Versatile Space Missions: Such a hybrid system could enable spacecraft to perform a variety of missions, from quick
maneuvers to long-duration deep space exploration, with greater efficiency and flexibility.

- Enhanced Deep Space Exploration: The combination of systems could be particularly beneficial for deep space
missions, where different phases of the mission require different propulsion characteristics.

- Adaptability for Different Mission Profiles: This system could be adapted for a wide range of mission profiles, offering
both the high thrust needed for certain maneuvers and the sustained, efficient thrust required for long voyages.
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