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Abstract

Current nuclear fusion research faces immense engineering and economic challenges, primarily
relying on complex plasma confinement methods such as tokamaks and laser-induced inertial
confinement. These approaches demand extreme conditions and significant infrastructure
investments, delaying commercialization. This paper proposes an alternative fusion method
utilizing sonofusion (bubble fusion), where microbubbles collapse under ultrasonic and

microwave stimulation to generate localized extreme conditions.

A novel approach is introduced by employing liquid hydrogen confined within a high-pressure
capsule, accompanied by a lithium catalyst. The system is designed to leverage
cavitation-induced fusion through external ultrasonic, microwave, and magnetic field stimuli.
The energy produced is transferred to an external water tank, where conventional steam turbine
cycles can harvest it. This proposed method is estimated to cost only 1/100th of existing fusion

facilities, offering a more accessible and scalable experimental pathway to fusion energy.

Accompanying this research are various schematics and diagrams that provide a detailed
visualization of the proposed system architecture, reaction chamber, and energy recovery
mechanisms. These visual aids ensure clarity in the theoretical underpinnings and technical

feasibility of the approach.

1. Introduction

Nuclear fusion is regarded as the ultimate clean energy source due to its vast fuel supply and

minimal radioactive waste. The two primary methods under investigation are:


mailto:hyunho.shin@noctuabio.co.kr

e Magnetic Confinement Fusion (MCF): Tokamak reactors (e.g., ITER) use powerful
magnetic fields to contain high-temperature plasma.
e Inertial Confinement Fusion (ICF): Laser compression (e.g., NIF) triggers rapid fuel

implosion.
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Figure 1. The Process of Magnetic Confinement Fusion

1.Fuel Injection: Injecting deuterium/tritium gas.

2.Magnetic Field Creation: Generating a strong magnetic field to confine the fuel.
3.Plasma Formation: Heating the gas to create a plasma state.

4.Nuclear Fusion Reaction: Nuclei within the plasma combine to release energy.

Figure 2. The Principle of Inertial Confinement Fusion
1.The laser beam quickly heats the surface of the fusion target and surrounds it with plasma.

2.The fuel is compressed inward/outward by the explosive ejection of the hot surface material.



3.During the final heating process inside the capsule, The fuel core increases in density and
ignites with the heat.

4 Nuclear fusion occurs and produces energy greater than the input energy.

Despite decades of research, these methods have yet to achieve sustainable energy gain (Q >

1) at commercial scale due to:

e High input energy requirements
e Severe thermal losses
e Engineering complexity

e Prohibitively high costs
Given these challenges, alternative methods must be explored.

| looked into other methods and became interested in acoustic sonofusion (sonoluminescence,
bubble fusion). Sonoluminescence is a phenomenon in which microbubbles in a liquid (usually
water) rapidly contract and expand when exposed to ultrasound (in the range of tens of kHz to
several MHz), and then emit **very bright light (photon pulse)** at a certain moment, creating a
“local extreme condition” (extreme temperature and high pressure of tens to hundreds of
thousands K).

Some researchers have hypothesized that if deuterium (heavy water, D-O) is present inside
cavitation bubbles, nuclear fusion reactions could momentarily occur during bubble collapse due
to the extreme conditions, leading to the emission of neutrons. However, due to the lack of
reproducibility, failed verification attempts, and cases of research misconduct, this hypothesis

has been largely discredited within the scientific community.

Nevertheless, | am interested in this approach because thermonuclear fusion (high-temperature
fusion) is inherently complex and requires enormous financial and infrastructural investments. In
reality, large-scale projects such as ITER (tokamak-based fusion) or laser inertial confinement
fusion (ICF) cost tens to hundreds of billions of dollars, yet they have not even achieved a

Q-value of 1.

In contrast, this alternative method can be attempted at a small scale with significantly lower

costs. Moreover, while extremely rare, some analyses suggest that sonoluminescence could



potentially generate temperatures exceeding several hundred thousand Kelvin. Additionally, this
approach aligns well with the current energy generation infrastructure, as it follows the

traditional method of heating water to generate steam and drive turbines for power production.

And there is a more fundamental question: Why are we pursuing nuclear fusion? The goal is not
merely to confirm the occurrence of fusion reactions but to build a commercially viable energy

generation system.

If thermonuclear fusion, which has been continuously pursued, proves to be commercially
unfeasible, then we must consider alternative approaches. Although sonofusion remains a
highly debated concept, if it proves successful, its infrastructure could be integrated into existing

fossil fuel and nuclear power facilities with only minor modifications.

Additionally, the experimental costs of sonofusion are significantly lower than those of
thermonuclear fusion, allowing for more accessible and cost-effective attempts at fusion energy

development.

This paper introduces a high-pressure liquid hydrogen-based sonofusion system, offering a

lower-cost and experimentally accessible alternative.

2. Theoretical Background of Sonofusion
2.1. Basic Concept of Sonofusion

Sonofusion relies on cavitation bubble collapse in a liquid medium subjected to high-frequency

ultrasonic and microwave stimuli. The process results in:

e Localized temperatures exceeding millions of Kelvin
e [Extreme pressures in the GPa range

e Formation of plasma states within the collapsing bubble



Figure 3. A schematic diagram illustrating the principle of sonofusion. The diagram shows
similarities to inertial confinement fusion.

1.Inside the liquid, there exists a bubble.

2.The bubble undergoes cycles of contraction/expansion due to ultrasound or similar methods.
3.Eventually, the bubble contracts beyond a critical point,

4 After which it generates heat and light. It is claimed that the heat and light produced in this

process are the products of nuclear fusion.

The schematic illustrations included in this research demonstrate how external energy sources,
such as ultrasonic and microwave generators, induce cavitation and collapse dynamics within

the high-pressure liquid hydrogen medium.

2.2. Matter Theory and Geometrical Approach

This model hypothesizes a two-dimensional photon medium as the fundamental structure of the

universe. Matter emerges via geometric folding:

e Tetrahedral structures represent protons
e Triangular polyhedral structures represent electrons

e Neutrons form as proton-electron combinations

These principles are explained in more detail in The Reconstruction of Matter: A 2D
Photon-Based Theory of Everything, which provides the theoretical basis for sonofusion to be

possible with only elemental hydrogen, unlike conventional fusion which requires deuterium.



3. Theoretical Model and Equations
3.1. Bubble Collapse Dynamics — Rayleigh—Plesset Equation
The evolution of a cavitation bubble radius R(t)

follows:

where:

e P isliquid density,
) Py is external pressure (from ultrasonic/microwave excitation),
° P, is internal vapor pressure,

T . .
° is surface tension,

.. .
o is viscosity.

Accompanying figures visually explain how these parameters interact in the proposed

high-pressure sonofusion chamber.

3.2. Temperature Rise Due to Adiabatic Compression
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FIRESE e temperatures can exceed millions of Kelvin.



3.3. Fusion Reaction Rate

R; = n®lov).yV
' where:

e T s fusion fuel density (high in liquid hydrogen),

'::J u } eff

° is the reaction cross-section,
. _ SrRY
' is reaction volume e

The equations are supplemented with graphical representations, demonstrating the fusion

reaction kinetics under extreme cavitation conditions.

4. Reaction conditions

What we are aiming for is to synthesize helium by resonance of hydrogen. If we match this to

the resonance conditions used in RF heating techniques (e.g. electron/ion cyclotron resonance),

Electron Cyclotron Resonance (ECR)

e B

2rm,

.Irt.'.; —

e~1.6x10-19C (charge),
B is the applied magnetic field strength

me=9.11x10-31kg (electron mass).

When the strength of the magnetic field is set to about 3T,

48 %10
fr'r: = Ju—

TR 8.38 x 10" Hz,
I '

That is, it is about 84 GHz.



This frequency band belongs to the microwave region, and in the ECRH method, the electrons

in the plasma can be efficiently heated by using a frequency of about tens of GHz to 100 GHz.

And by the same equation, the cyclone frequency of the proton (lon Cyclotron Resonance, ICR)

is as follows.

mp=1.67x10-27kg (proton mass),

4.8 % 10 19 -
fmm ————— = 4.57 x 10" Hz,
10.5 x 10 27

That is, it is about 45.7 MHz.

This frequency band corresponds to the low frequency range commonly used in RF heating,

and the ICRH method uses a frequency of several tens of MHz to heat the ions.

5. Experimental Design

5.1. High-Pressure Capsule and Water Tank

e Capsule: Liquid hydrogen + lithium catalyst at high pressure.

e Water Tank: Surrounding water absorbs heat and transfers energy.

Detailed blueprints illustrate the structural design of the high-pressure capsule and its

interaction within the external water tank.
5.2. Energy Input Systems

e Ultrasonic/Microwave Generators: Induce bubble cavitation.

e Magnetic Field Generator: Enhances ion confinement and plasma formation.

These aspects are visually supported by technical schematics showing energy transfer

mechanisms.

5.3. Heat Recovery and Power Conversion



e Heat from fusion is transferred to the water tank.

e Steam turbines convert heat into electricity.

High-Pressure Capsule

» Liquid hydrogen is stored under high
pressure (or as supercritical fluid)

« Lithium compound acts as a
catalyst/agent

Figure 4. Liquid hydrogen and lithium compound are placed in a pressure vessel and sealed.

Figure 5. A pressure vessel is placed at the center of a tetrahedral water tank, and sonofusion is
induced from all four faces using an ultrasonic generator, a microwave generator, and a
magnetic field generator. The water tank is designed as a tetrahedron because it is believed to

concentrate energy at the center.



The integration of these systems is clearly mapped out in provided diagrams, ensuring clarity in

the engineering layout.

5. Economic Considerations

Compared to conventional fusion (ITER/NIF, costing billions), this system requires minimal

infrastructure:

Component Estimated Cost
Sonofusion Test Chamber $10,000 - $100,000
Ultrasonic/Microwave Generators $50,000 - $200,000
High-Pressure Capsule $100,000 - $500,000

Total Cost (Pilot) $500,000 - $2M

This low-cost approach allows independent researchers and universities to participate in nuclear

fusion research.

6. Conclusion

Will this method enable commercial energy production? | cannot say for certain. However,

since the cost of conducting experiments is not excessively high, | believe it is worth attempting.

By systematically adjusting various conditions and testing different parameters, if we eventually
find a point where the Q-value surpasses 1, then this system could be directly integrated into
existing fossil fuel or nuclear power generation infrastructure with minimal modifications. Our
goal is not to create an artificial sun but simply to develop a high-efficiency energy generation

system.



As an independent researcher, securing funding for these experiments is not easy for me. If

anyone reading this paper sees potential in this approach and has available resources, |

encourage them to attempt this method.

This work is based on my previous book, Paper Folding Universe: On the Geometric Shapes of

Matter and Nuclear Fusion, as well as its subsequent development into The Reconstruction of

Matter: A 2D Photon-Based Theory of Everything, which expanded on cosmological aspects.

This paper further refines those ideas with a focus on energy generation and practical

application.
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