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0. Abstract 

This report consolidates findings from distinct experimental approaches within the CleanHME project, 

focusing on anomalous heat effects (AHE) and potential low-energy nuclear reactions (LENR). These 

investigations aimed to explore innovative ways to produce energy in hydrogen-metal systems and 

plasma-based setups, offering insights into cleaner and more efficient energy solutions. While the 

experiments differed in methodologies, they share a common goal of identifying and optimizing 

conditions for reproducible AHE under controlled environments. 

Experiments with Constantan wires carried out by Francesco Celani at INFN, involved surface 

modifications and advanced geometries, such as coiled and multi-layered configurations, to enhance 

hydrogen absorption and electron emission. Electric field stimulation, using both direct current (DC) and 

alternating current (AC), was applied to create conditions favorable for AHE. Key experimental variables 

included thermal gradients, gas flux, and the physical dimensions of the wires. Reproducible AHE were 

observed under optimal conditions, underscoring the importance of wire surface properties and precise 

control of gas-metal interactions in achieving consistent results. 

High-voltage pulsing in the Spark Kinetics (SK) and the Catalyzed Plasma Reactors (CPR) of FutureOn 

generated plasma environments capable of forming charge clusters, which are hypothesized to trigger 

LENR processes. These reactors employed hydrogen, deuterium and Helium s working gases, with tests 

performed on various materials to assess their interaction with plasma. Notably, both systems 

demonstrated AHEs, with COP of CPR reaching up to 1.7. The results underscore the significance of 

material properties and gas composition in enhancing LENR efficiency along with proper physical 

stimulations (High Voltage discharges), with potential applications in small-scale commercial co-

generation systems. 

! ƴƻǾŜƭ ǎŜǘǳǇ ǳǎƛƴƎ ƘŀƭƻƎŜƴ ƭŀƳǇǎ ŜƳōŜŘŘŜŘ ƛƴ ǇƻǿŘŜǊŜŘ ƳŀǘŜǊƛŀƭǎΣ ǎǳŎƘ ŀǎ ƭƛǘƘƛǳƳ ǘŜǘǊŀōƻǊŀǘŜ ό[ƛі.јhћύ 

and magnesium oxide (MgO), was designed by Broadbit to investigate energy anomalies under high-

temperature conditions. The lamps were operated at elevated voltages (280-300 V), generating localized 

"hot spots" on the tungsten filament. Excess heat production of up to 10% above input power (COP=1.1) 

was consistently recorded until filament failure, indicating reproducibility of the observed AHE. These 

experiments revealed unexpected surface composition changes, such as the presence of sodium and 

other elements, suggesting potential inner-shell electron phenomena rather than nuclear transmutation. 

The results emphasize the need for further calorimetric validation to confirm these findings. 

Together, these experimental approaches highlight the importance of material science, reactor design, 

and precise control of environmental variables in advancing LENR research. By investigating AHE across 

diverse systems, this work contributes to a growing body of evidence supporting the feasibility of scalable, 

clean energy solutions based on hydrogen-metal interactions and plasma processes. These results open 

the way for future investigations to deepen our understanding of the complex physical mechanisms that 

govern these phenomena and the realistic possibility of being able to commercially dispose of small 

innovative co-generators for domestic and productive use in a few years.  
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1. Introduction to FutureOnôs experiments 

In this report, the main results of the long experimental work carried out at FutureOn laboratories under 

WP 3.2 ñGas loading experiments ï Bulk material reactorsò, are summarized. 

The combined experience with the early powder reactors (WP3.3) and the experiments with the ion 

accelerator (WP2.6), in 2022 and 2023 led to the design of two small hybrid plasma-metallic powder 

reactors, the SK (Spark Kinetics) reactor and the CPR (Catalyzed Plasma Reactor), the first one 

commissioned in 2023 and the second one in 2024.  

Both reactors expected performances rely mainly on the hypothesis that sharp high voltage electric 

discharges, under specific physical conditions, are able to produce dense coherent electron aggregates 

called charge clusters, apparently defying the Coulomb repulsion [1][2][5]. 

The experiments with the CPR reactor have shown reproducible and easy to control, remarkable heat 

excesses. 

A significant number of experiments were carried out during which stable, anomalous heat events (AHEs) 

were detected and experiments where no AHEs were detected, events that have been extremely useful to 

understand which the key factors are triggering the anomalous exothermic reactions. 

The best COPs achieved are respectively 1,25 with the SK reactor and 1,7 with the CPR reactor. These are 

very promising results that confirm the innovative approach to LENR of FutureOn, deriving from the 

valuable experience acquired in the different phases of development of the CleanHME project, pave the 

way to the development of commercial co-generators. 

FutureOnôs Spark Kinetics (SK) reactor 

1. Rationale for experimentation 

The rationale that guided the experimental campaigns is to favor the formation of dense agglomerates of 

charges that allow the manifestation of the electron shielding action between nuclei, with the consequent 

formation of hydrogen clusters thickened by stimulation with rapid impulse discharges and the use of metal 

catalysts.  

These dynamics, induced through the generation of plasmas of various kinds, aim to favor exothermic 

nuclear reactions with the emission of charged particles. The formation of such subatomic structures is 

described, for example, in the works of K. Shoulders [1], who conducted experiments for several years on 

charge aggregates that he originally called EVO (Exotic Vacuum Objects), later by other authors called CC 

(Charge Clusters) or CP (Condensed Plasmoids). According to S. Adamenko [3], strong mechanical shock 

waves caused by electrons with kinetic energies of the order of MeV can trigger fusions and transmutations.  

Even the kinetic energies of EVOs, thanks to the high number of electrons contained, albeit at a more 

modest energy per electron, can be candidates for the ignition action. The theory currently most able to 

offer a guide, as a working hypothesis during experiments, is that of G.Vassallo [5], who has provided a 

convincing theoretical framework that justifies the presence of a magnetic force (Lorentz force) capable of 

opposing the Coulomb repulsion between electrons in EVOs. Vassallo's theory derives directly from 

Maxwell's equations written in extended form. 
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2. Description of the set-up  

The objectives we pursued led to the design of a set-up and an experimental procedure suitable for 

quantifying and measuring the energy contributions of the various active components present. During each 

test, it was thus possible to obtain a total energy balance of a complex system with plasma discharges under 

steep electric pulses.  

The system is also able to house active materials (metal powders and gases), to test their energy behavior 

(i.e. the triggering of exothermal reactions), while maintaining stable discharge conditions. The 

experimentation has seen an evolution of the set-up over time. The first phase of the study was based on a 

series of tests in which plasma was generated in a certain gaseous atmosphere at different pressures by 

means of a discharge at a constant stimulation voltage between two electrodes, without the presence of 

active powders in the reaction chamber. After this first phase of study, we moved on to the implementation 

of a customed-designed power supply system able to deliver a stable power level by autonomously varying 

voltage and current according to the dynamic characteristics of the load during each experiment. This power 

supply system, in synergy with the various sub-systems for monitoring the heat flows coming out of the 

active components of the set-up, enables the possibility of quantifying a global energy balance of the 

system, both with the presence or absence of active materials made of micro or nano powders.  

The current experimental setup is based on a relaxation oscillator. This stimulation method allows us to 

operate in stationary conditions and to wait until the measurements of three thermal power sensors stabilize, 

thus providing a correct measurement of the heat-flow and to obtain a reliable energy balance analysis of 

the system, neglecting further heat sinks at this stage.  

There is a first heat flow sensor called ñSensor 1" inside the controlled power supply, with a nominal ohmic 

resistance value of 4.97*Mega- Ohm. Next, we have the SK reactor body, consisting of a quartz cylinder 

which can be brought to sub-atmospheric pressures of the desired gas atmosphere, in which there are special 

housings for connecting electrodes at varying distances; therefore, with a variable gap of the discharge 

suitable for generating a plasma discharge of the desired characteristics. 

 

Around the reaction chamber there is a thermal sensor composed of two copper cylinders, an insulating 

layer and several thermocouples, which also allows the measurement of the thermal flow coming out of the 

reactor body. This complex is defined as thermal ñsensor 2ò. The last element of the experimental chain is 

a third heat flow sensor called ñSensor 3ò with a nominal ohmic resistance value of 10.0 KOhm.  

The calibration of each sensor was done individually with a controlled voltage and power supply. At the 

end of the calibration process, specific curves were therefore obtained which correlate the thermal power 

coming out from each of these three sensors with the differences in temperatures reached [W/dC°]. With 

Figure 2 - Functional diagram of the latest experimental setup 
Figure 1 - Reaction chamber. 
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these three sensors it is possible to make a comparison between the input power, measured directly by the 

power supply unit, and the sum of the three thermal powers outgoing from the system, thus obtaining an 

energy balance. 

The experimental setup is equipped also with an ionizing radiation detection system based on a thallium-

activated sodium iodide crystal scintillator. This system is based on the DIGIBASE (Complete with Digital 

MCA, Preamplifier, High Voltage Supply, and MAESTRO Software) + Crystal (Ø50x50mm NaI(Tl) 

scintillation crystal and an ADIT B51D01S type PMT) complex supplied by Ametek. For this series of 

experiments the PMT was powered at a voltage of 850V to enhance the detection of low energy radiation. 

3. Experimental procedure and results of greatest interest 

The experimental procedure generally followed during the many tests carried out, can be summarized as 

follows: the reaction chamber of the SK reactor is brought to the desired pressure value, in a controlled 

atmosphere of the desired gas (H2, D2 or He). The value of the power delivered through discharge by the 

power supply is set. The power supply controller will automatically vary the output power by changing the 

applied voltage, monitoring the current value. The temperatures of the thermal sensors are monitored during 

the transient phase until a steady state is reached. Once a steady state is reached, the values of the thermal 

sensors associated with each power-step are recorded for a suitable time interval and we move on to the 

next phase of the experiment. One can then proceed by increasing the discharge power from 0.2 watts until 

a power value of 1.0 watts is reached. Each increase in power involves a thermal transient phase with a 

variable duration of approximately 2.0 ï 6.0 hours, depending on the different discharge regimes. This 

experimental process is repeated for the three sub-atmospheric pressure values of interest: 30,150 e 500 

mbar. These three pressure levels were chosen because, according to previous studies carried out with this 

reactor, they correspond to three different discharge regimes (total glow, hybrid and pure discharge). 

From May 2023 to October 2024, numerous experimental campaigns (60+) were carried out in which 

different combinations of electrodes with different shapes and chemical compositions were tested (pointed-

shaped, cylindrical, aluminum, steel, nickel and metal powder electrodes), impulsive stimulation methods 

with different characteristics at various power levels and various types of gaseous atmosphere (Deuterium,  

Hydrogen, Argon and Helium) with three different reaction chamber pressure values. The most interesting 

results obtained are briefly reported below. 

3.1. Experiments with electrical discharges between two aluminum electrodes 

The first experimental campaign of interest was based on the presence of electrical discharges between two 

aluminum cylindrical electrodes in an atmosphere of Deuterium and one in Helium, with variation of the 

pressure within the reaction chamber and variation of the discharge power delivered. In this series of 

experiments two cylindrical-shaped aluminum electrodes with an inward groove were mounted, in order to 

accentuate the passage of the discharge on the edge of the quartz cylinder, before reaching the other 

electrode. The distance between the electrodes was set to approximately 3 mm, so as to be able to develop 

a discharge voltage of around 2-4 kV.  
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Figure 3 - Thermal trend of the stimulation steps at 150 mbar of pressure in Deuterium with 600, 800 and 1000 

Watt. 

 

  
   Figure 4 - Electrical discharge during an experiment     Figure 5 - Reaction chamber detail 

The energy balances obtained from the comparison of the data relating to the various tests carried out in 

the atmosphere of Deuterium and Helium gases at various pressures of 30, 150 and 500 mbar were thus 

calculated and compared with each other in order to identify possible anomalous energy productions.  

The comparison is presented below of the energy balance data of the experiments at 150 mbar of pressure 

with Helium atmosphere and the one with Deuterium atmosphere for a certain time interval during the 

stationary thermal regime, at the five power inputs steps.  
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Figure 6 - Comparison of the energy balance of the experiments at 150 mbar with Helium vs Deuterium atmosphere 

 

 

Figure 7 - Summary of the energy balance at 0,150 bar of Helium 

 

Figure 8 - Summary of the energy balance at 0,150 bar of Deuterium 

We can observe an always positive value in the difference between the energy measured in output and the 

one entering the system regarding the test in Deuterium compared to that in Helium; (not justified by the 

small variation of the value of the heat exchange coefficient between He (0,152 W/(m·K)) and D2 (0,1815 

W/(m·K)). The tests at 30 mbar and 500 mbar showed similar results for Deuterium and Helium, but without 

having, as before, a preponderance of positive excess energy in deuterium, but just values around the unit. 
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3.2. Experiments with pulsed plasma reactor and CR77 powder electrode 

During this experimental campaign we have the presence of electrical discharges through a relaxation 

oscillator at five different power levels (from 0,2 W to 1,0 W) with steel electrodes and CR77 powder 

cathode in an atmosphere of Deuterium and of Helium at 30 mbar pressure level with glow discharges 

regime and at 150 & 500 mbar pressure level with a defined discharges regime.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11 - thermal trend of stimulation steps at 30 mbar of pressure in Deuterium with 800 and 1000 mW. 

Figure 9 - Reaction chamber detail Figure 10 - Experimental set-up 
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Figure 12 ï Typical electrical discharge shape during the experiments 

The energy balances obtained from the comparison of the data relating to the various tests carried out in 

the atmosphere of Deuterium and Helium gases at various pressures of 30, 150 and 500 mbar were thus 

calculated and compared with each other in order to identify possible anomalous energy productions.  

 

Figure 13 - Summary of the energy balance at 0,030 bar of Deuterium 

 

Figure 14 - Summary of the energy balance at 0,150 bar of Deuterium 

 

Figure 15 - Summary of the energy balance at 0,500 bar of Deuterium 
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Figure 16 - Summary of the energy balance at 0,030 bar of Helium 

 

Figure 17 - Summary of the energy balance at 0,150 bar of Helium 

 

Figure 18 - Summary of the energy balance at 0,500 bar of Helium 

The comparison is presented here, between the energy balance data of the experiments at 30 mbar of 

pressure with Helium atmosphere and the energy balance at the same conditions with Deuterium 

atmosphere for a certain time interval during the stationary thermal regime, at the five power inputs steps.  

 

Figure 19 - Comparison of the energy balance of the experiments at 30 mbar pressure with Helium vs Deuterium 

atmosphere. 
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The energy balances obtained at various pressures with both gases show an ordinary trend at the pressures 

of 150 mbar and 500 mbar, close to the unit (input power equals output power). At the pressure of 30 mbar, 

however, an energy balance on average greater than unity (about 13,4% with He and about 17,6% with D2) 

was obtained with a peak of 18,6% with He and 26,2% with D2.  

Previous experiments with a powder electrode made of only iron powder showed energy balances close to 

the unity for both Deuterium and Helium gas atmospheres, at any pressure. The relevant difference of the 

energy balance observed when CR77 powder was used at a pressure of about 30 mbar, in the same discharge 

regime, is very important. These results require further investigation and demonstrate the different nature 

of the heat flow at low pressure compared to experiments at higher pressure. 

The comparison between the radiation spectrum acquired during this series of experiments at 30 mbar did 

not highlight any relevant radiation emissions or traces of conventional nuclear reactions (Figure 10 - 

Radiation detection - Spectra comparison.. 

 

Figure 10 - Radiation detection - Spectra comparison. 

4. SK reactor experiments - Conclusions 

The results obtained with the first series of experiments suggest an interesting behavior, with the production 

of anomalous heat excesses (COP in the order of 1.2-1.25), of plasmas generated at sub atmospheric 

pressures in deuterium gas atmospheres when the CR77 powder produced by CNRS was present at the 

anode. The results have been confirmed also by comparison with the energy balances produced by the same 

experiments carried out in other types of gases and with different kinds of powders. 

The results achieved with the SK reactor can be summarized as follows: 

Å A reliable system has been analytically modeled and physically created capable of performing an 

energy balance of a plasma reactor with pulsed electric stimulation. 

Å Valuable insights were obtained into how to design and refine the new CPR reactor, described in the 

next chapter. 
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Å The energy balance obtained at various pressures with both He and D2 gases, with and without CR77 

powder at the anode, shows an ordinary trend at pressures of 150 mbar and 500 mbar, close to the unit 

(input power equals output power).  

Å At the pressure of 30 mbar and with CR77 powder, however, an energy balance on average greater 

than unity (about 13,4% with He and about 17,6% with D2) has been repeatedly observed, with a peak 

COP of 118,6% with He and 126,2% with D2.  

Å Previous experiments with an electrode made of iron powder showed energy balances close to the 

unity  with both Deuterium and Helium gases, at any pressure. 
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FutureOnôs Catalyzed Plasma Reactor (CPR) 

5. CPR - Rationale of the experiments 

The CPR (Catalyzed Plasma Reactor) has been designed as an evolution of the SK reactor, integrating the 

knowledge developed in other Work Packages (WPs), such as the acceleration of deuterons on an already 

deuterated target (WP2.6) and the use of nanometric catalyst powders (WP3 STRs). The primary objective 

is to trigger LENR by stimulating an environment of gases and active powders with "fast" high-voltage 

electrical pulses (with peaks up to -21 kV and rise time less than 4ns), generating plasma and accelerating 

ions in a "classic" way or straddling structures such as EVOs, thus favoring kind of LENR reactions with 

deuterium and other isotopes. 

More in detail, the reactor design principles are based on the rationale of promoting exothermal fusion 

reactions (D-D, D-T, Li-D, and so on) and/or neutron activated reactions through: 

- Accelerating voltage (collision energy) 

- Deuterium loading on metals, such as palladium (Fleischmann & Pons) [4] 

- Sharp electrical pulses to generate high magnetic fields to orientate nuclei to attract themselves (G. 

Vassallo [5] [8]) 

- Electron screening against coulombian repulsion force (K. Czersky [6] [7]) 

- Use of materials capable of high hydrogen isotopes absorption, concentrating them by 

electromigration (F. Celani [9]) 

- Formation of quasi-particles, e.g. electroprotons (R.M. Santilli and Don Borghi [10]) 

- Use of nanostructured surfaces to promote energy localization phenomena (B. Ahern [11] [16]) 

- Formation of large electron clusters in the arch discharge (K. Shoulders [12]) 

- Use of materials, e.g. Fe or Ni, for splitting hydrogen isotopes molecules into atoms 

- Use of catalysts able to promote formation of high-density clusters of hydrogen isotopes (L. Holmlid, 

S. Olafsson [13]) 

- Use of materials with different working functions to promote energy localization via Seebeck effect 

when solicited by sharp electrical pulses (G. Vassallo) 

- Formation of gas mixtures of alkaline metals and hydrogen isotopes 

- Formation of shockwaves by electron discharges (S. Adamenko [14])  

- Electromagnetic stimulation to create coherence states (Preparata [15], Vassallo [5]) 

 

The experience gained in the study of the individual driving factors listed above, using specific self-

designed devices, was merged into the design of a reactor optimized in all aspects involved. 

The present experimental campaign was designed to achieve an undisputable ñproof of conceptò by reliably 

detecting heat excesses produced by LENR reactions. The CPR reactor was also designed to improve its 

performance over time through powder cracking, formation of lattice defects and vacancies, hydrogen 

isotope loading, evolution of lithium vapor as a reactant and tritium production, operating at laboratory 

temperatures. 
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6. CPR reactor design innovations 

  
(a) (b) 

Figure 11. (a) 3D drawing of the disassembled CPR reactor and possible discharges in the gap (in blue) and in the 

powder (in yellow); (b) CPR set-up, with the reactor inside the calorimeter, stored inside the vacuum bell and 

connected to the pulser and oscilloscope. 

The design innovation lies in the use of a stainless-steel cylinder to improve pressure seals and electrical 

characteristics and advanced components for electromagnetic stimulation and in the highly efficient thermal 

insulation system (see Figure 11). The electromagnetic stimulation system includes a high-performance 

pulser with pulses up to -21 kV amplitude, capable of generating variable peak voltages, with a repetition 

rate that can reach 3.5 kHz, allowing you to experiment with different combinations of frequency and 

amplitude of the pulses, therefore input power levels. 

The design also considers the use of special cathodes and anodes: the titanium cathodes (the best material 

used in the particle accelerator industry as targets) are configured with various geometries (tip or tubular), 

and the reactor can accommodate nanometric powders in an anodic position inside an alumina crucible. In 

addition, the cathode is inserted inside a ceramic tube to prevent parasitic discharges towards the reactor 

body and direct the beam. 

Thermal insulation is guaranteed by a Dewar vessel, which acts as a calorimeter, with low-emissivity walls 

to minimize heat transfer to the outside environment. Finally, the vacuum bell, in addition to protecting the 

external environment from any leakage of nano powders or reactive vapours, contributes to thermal 

insulation thanks to the use of argon (a gas with lower thermal conductivity than air) and the degree of 

vacuum set according to the pressure inside the reactor (to further prevent infiltrations inside the reactor). 

7. Experimental campaign 

The experimental campaign of the CPR reactor was planned in several phases, with an initial focus on 

thermal calibration  and optimization of gas pressure and composition parameters to achieve stability in 

thermal readings. The calibration was conducted in an atmosphere of helium and an equimolar mixture of 

hydrogen-deuterium (50% H2 + 50% D2). The calibration protocol involved the use of a resistor, instead of 

the gap between cathode and anode and powders in the crucible, as a stable heat source to simulate operating 

conditions. The power steps chosen were 1 W, 2 W and 5 W. Calibration results showed a stable thermal 

response, and a temperature plateau related to the power supplied, indicative of the proper functioning of 

the thermal measurement system and symmetrically distributed thermocouples. 
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Experimental tests were performed with mixed powders containing lithium deuteride (LiD) as the main 

compound. More specifically, the powder mix (about 10 g total) followed the following composition: 

1. LiD: 48% 

2. 6Li: 5% 

3. Li (natural occurring): 9% 

4. Constantan: 9% 

5. Pd-Ag/graphene catalyst: 20% 

6. Fe: 4% 

7. TiO2: 3,5% 

8. SiO2: 1,5% 

During the tests, the reactor was subjected to voltage pulses with peaks of -14 kV or -21 kV, to study the 

effects of ions acceleration and of the possible formation of charge clusters. The repetition rate has been 

adapted accordingly to establish the various power levels chosen as input (1 W, 2 W, 3 W) ┌ by monitoring 

the temperature range to estimate the output thermal power. A key aspect of the tests was the use of different 

gas pressures (3 mbar, 45 mbar and 1000 mbar) to identify the optimal point at which reactions occur 

efficiently. Initially, a 20 mm diameter tube cathode was selected and the gap with powder surface was set 

to 2 cm.  

 

Figure 12. Test execution scheme for the first experimental campaign, with two different cathodes with the same gap, 

performed in the H2+D2 gas mixture, varying the pressure three times from one trial to another. During the same 

trial, 3 power steps are performed (as in calibration and óreferenceô tests). 

The campaign has preliminarily included 'reference' tests in helium atmosphere, to establish a control on 

thermal effects, theoretically not due to LENR reactions. The results obtained from the helium tests were 

compared with those in an equimolar mixture of hydrogen and deuterium to analyze any thermal 

differences.  

Figure 12 shows the scheme of execution of the 1st test based on the type of gas and the diversification of 

the different trials according to the variation of the main parameters. As can be seen, after an initial phase 

of cleaning and activation of the powders, the H2 + D2 tests were repeated 2 times, to study the ability of 
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the powders mix to work better over time and the possible improvement effect due to the accumulation of 

reaction products (e.g. lithium vapours, tritium, etc.). 

In the second series of trials, targeted tests were carried out, based on the results reported by the first phase 

of the experimental campaign. We have therefore focused on the following parameters and related 

variations (sensitivity): 

¶ Deuterium concentration in the gas mix: from 0% to 100%; 

¶ Power steps: more interesting results at 1 W; 

¶ Pressure: most interesting results at 3 mbar; 

¶ Multiplying  the repetition rate by wave peak voltage: in each power step, the multiplying result 

remains constant; therefore, the range of variability is limited to the values that the peak input 

voltage can assume (from -14 kV to -21 kV). 

Initially, we proceeded by reproducing 2 times the tests with 100% molar concentration D2 at all three 

power steps of 1 W, 2 W & 3 W (see Figure 13). Subsequently, different gases at different concentrations 

of deuterium, such as argon, helium and hydrogen, were tested, also at 0.5 W power step.  

 

 

Figure 13. Test scheme for the second phase of the experimental campaign, in which different types of gases were 

tested, at different concentrations of deuterium, at a pressure of 3 mbar only, and the effects at the power steps of 1 

W and 0.5 W were studied. 

In the last series of tests, from October 2024 to January 2025, we focused on the repeatability of results at 

the same conditions of the previous experiments. In particular, the pressure remained at 3 mbar. Pure 

deuterium, argon and helium were tested at 0.5 W, 1 W and 2 W, stimulating the reactor with -14 kV and -

21 kV peak voltage pulses and adapting the repetition rate to obtain the desired input power. 

8. Results and analysis 

To compare the results of the different tests, the ratio between the average temperature difference between 

the internal and external walls of a Dewar vessel and the input electrical power ȹTDew/P was calculated. 

The absolute reference value is the mean of ȹTDew/P ratios of the calibration tests with resistor at the 

different power steps and it is equal to 21.10 °C/W. Performances evaluation should also consider the upper 

thermocouple temperature Tup, due to the thermal fields difference in plasma and resistor experiments. In 

fact, the discharge tests showed higher Tup compared to the calibrations at the same (or even lower) ambient 

temperature.  

Comparing the different tests with HV pulses as input, it can be observed a raising trend of the ȹTDew/P 

ratio over time both at 1 W and 0.5 W power steps (Figure 14 and Figure 15). Particularly, different tests 

conducted during the third phase of the experimental campaign showed larger values than calibration 

reference, both in deuterium and helium atmosphere, due to exothermal reaction inside the reactor. It is 
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important to highlight here that, after the very first one, subsequent tests with He followed tests where D2 

was used, which remained trapped at least in the Pd lattice and reduced chemically some components of 

the powder mix. 

 

Figure 14. Ratio between the temperature difference at the Dewar walls and the input power (ȹTDew/P) ordered by 

test number at 1 W power step. The graph shows how performance improves over time, as indicated by the linear 

interpolations (dashed lines), with the final tests exceeding the average ȹTDew/P ratio of the resistor calibrations 

(purple dotted line). 

Figure 15. Ratio between the temperature difference at the Dewar walls and the input power (ȹTDew/P) ordered by 

test number at 0.5 W power step. The graph shows how performance improves over time, as indicated by the linear 

interpolations (dashed lines for tests with -14 kV amplitude input pulses and dotted lines for -21 kV ones), with the 

final tests exceeding the average ȹTDew/P ratio of the resistor calibrations (purple dashed line). 
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Comparing the first series of tests with electric discharges/pulses, interesting differences in reactor 

efficiency and heat generation emerged between the different gas configurations and pressures. Tests with 

low-pressure deuterium (3 mbar) at 1 W produced a greater thermal increase than "pure" gases such as 

helium and hydrogen. Considering the 0.5 W power step, both helium and deuterium tests provided greater 

ȹTDew/P values in comparison to the resistor.  

With reference to the first series of tests (from May to August 2024), as the concentration of deuterium 

increases the efficacy also increases, considering the mean value of the ȹTDew/P (see Figure 16 (a) and 

(b)). 

Even analyzing the 0.5 W step, higher mean values of the ȹTDew/P ratio are obtained with deuterium at 

100% concentration (see Figure 16 (c) and (d)). 

Finally, the last analysis shows that both deuterium and helium tests results are affected by the amplitude 

of the input voltage pulses, with better effectiveness at lower voltages (see Figure 16 (e) and (f)). 

 

1 W Average ̍T Dew/P (°C/W) 

D2% 0% 10% 50% 
100
% 

He 16,91    

H2 17,76  
16,5
4  

Ar  
16,5
9 

18,5
5  

D2    

18,8
2 

Average values 17,19 
16,5
9 

17,0
4 

18,8
2 

 

(a) (b) 

 

 

0.5 W Average ̍T Dew/P  (°C/W)  

D2% 0% 100% 

D2  18,64 

H2 18,36  
He 18,02  
Average values 18,19 18,64 

 

(c) (d) 

  

 

1 W Average ̍T Dew/P  (°C/W) 

Gas -14 kV -21 kV 

D2 19,46 18,50 

He 17,64 16,17 

Average values 18,55 17,73 
 

(e) (f) 
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Figure 16. First series of tests: comparison between the results of different tests at 3 mbar based on the ȹT Dew/P 

ratio regarding different parameters: mean values at different D2 concentration at 1 W (a) and (b); mean values at 

different D2 concentration at 0.5 W (c) and (d); mean values at different wave peak of input pulse voltage between He 

and D2 tests at 1 W (e) and (f). 

Regarding the last trials (from October 2024 to January 2025) it can be seen that the efficacy, considering 

the mean values of the ȹTDew/P, is higher in deuterium at both power steps of 1 W and 0.5 W (see Figure 

17 from (a) to (d)).  

Finally, the last analysis shows that helium tests are more affected by the amplitude of the input pulse 

voltage than deuterium ones, with better effectiveness at lower voltages (see Figure 17 (e) and (h)). 

 

1 W Average ̍T Dew/P  (°C/W) 

  D2%        0% 100% 
D2  21,79 
Ar  19,64  
He 20,02  
Average values 19,89 21,79 

 

(a) (b) 

 

 

0.5 W Average ̍T Dew/P  (°C/W) 

  D2%        0% 100% 
D2  21,94 
Ar 20,42  
He 21,62  
Average values 21,32 21,94 

 

(c) (d) 

 

 
 

1 W Average ̍T Dew/P  (°C/W) 

Gas 14 kV -21 kV 
D2 22,47 19,08 
Ar  19,06 20,21 
He 19,74 18,95 
Average values 21,02 19,30 

 

(e) (f) 
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0.5 W Average ̍T Dew/P  (°C/W)  
0047as -14 kV -21 kV  
D2 23,56 20,31  
Ar 21,54 19,30  
He 24,51 18,74  
Average values 23,68 19,49  

 

(g) (h) 

  
Figure 17. Last series of tests: comparison between the results of different tests at 3 mbar based on ȹT Dew/P ratio 

regarding different parameters: mean values at different D2 concentration at 1 W (a) and (b); mean values at different 

D2 concentration at 0.5 W (c) and (d); mean values at different wave peak of input pulse voltage in He, Ar and D2 

tests at 1 W (e) and (f); mean values at different wave peak of input pulse voltage in He, Ar and D2 tests at 0.5 W (g) 

and (h). 

Table 1 presents the performance of the best tests, showing the ratios of the highest ȹTDew/P values to the 

initial values of all gases at both power steps.  

Gas mix of 

initial tests 
Initial ȹTDew/P 

(°C/W) 

Best (D2: 25.23 

°C/W) to initial 

ȹTDew/P at 1W 

Best (He: 25.56 

°C/W) to initial  

ȹTDew/P at 0.5W 

He 17,64 43% 45% 
H2 + (50% D2) 15,05 68% 70% 

D2 19,58 29% 31% 
Ar + (10% D2) 18,55 36% 38% 

    
Resistor 21,10 20% 21% 

Table 1. Ratios between the highest ȹTDew/P and the initial ȹTDew/P values for all gases, at 0.5 W and 1 W power 

steps. Best COP observed: 1,7. 

Recapping: 

¶ The best results were obtained with a 100% D2 gaseous atmosphere at 1 W, and with helium (after 

many tests) at 0.5 W. The tests with He, however, were conducted after tests where D2 was used that 

most probably remained trapped inside the lattice and the surface defects of certain materials (i.e. Pd). 

¶ Comparing the first and last tests, at the same conditions, the ȹTDew/P ratio increased for all gases (see 

the interpolation lines slope), denoting a positive time-dependent trend for the performances. The best 

COP observed so far is 1,7. 

¶ Considering the mean values of ȹTDew/P, initially the tests with D2 performed 11% better than the tests 

with He (considering this one as reference for electrical discharge tests), in terms of output energy, with 

an electrical input of 1 W. With reference to the 0.5 W step, the ratio is 3.5%. Subsequently, tests with 

D2 performed 8.9 % and 1.5 % better than He respectively at 1 W and 0.5 W. That is probably due to 

the activation of powder, enhancing the performances even for helium tests.  

¶ The best performance with D2 (ȹT Dew/P = 25,23 W/°C) exceeded the average resistor ȹTDew/P ratio of 

about 20%, twice the estimated maximum measurement error (about 10%). Furthermore, the Tup was 7 

°C approx. higher in the spark gap test respect to the calibration, despite the ambient temperature being 

2° C lower. The similar best performance at 0.5 W was obtained with helium (but after several tests 

where D2 was used).  
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¶ By increasing the concentration of deuterium, the thermal power output increases. Also, the 

performance for all gases started to increase after deuterium loading inside the powder mix.  

¶ By comparing the peak voltage of the input pulses ȹV in at same power step the performance of the tests 

seems to be promoted by lower ȹV in . In particular, stimulation with -14 kV peak voltage pulses yielded 

larger ȹTDew/P values than the -21 kV ones. This could be attributed to a corresponding larger repetition 

rate (to maintain similar electrical input power), and consequently to a larger number of activation pulse 

events.  

9. Conclusions 

The results achieved so far allow us to say that a reliable and very promising proof of concept of a LENR 

reactor is available (TRL3 fully achieved). 

Preliminary conclusions suggest that a bigger size CPR reactor, if optimized, could generate significant 

thermal excesses. Currently, the thermal output relative to the input electrical power is estimated by 

comparing the ȹTDew/P ratio, reaching values up to 70% larger than the initial values produced by pulsed 

plasma tests (COP=1,7) and 21% larger than the results achieved with the resistor (see Table 1). This 

analysis shows the possibility of reactions occurring even with supposedly óinertô gases, such as helium and 

argon, probably due to progressive anodic powders activation and deuterium adsorption during the previous 

tests. It should be considered also that the dissociation energy is larger in hydrogen isotopes gases than in 

helium, affecting the energy transfer efficiency to the plasma. Also considering the Paschenôs law it could 

be noted that helium gas is facilitated in triggering electric discharges. 

The most interesting observation is the capability of the tests with electric discharges/pulses to overperform 

the calibration tests with resistor. In fact, both in deuterium and in helium the ȹTDew/P ratio is higher 

than the mean values of the ratio observed with the resistor. At the same time, the upper reactor 

thermocouple showed higher temperatures in comparison to the calibrations with the resistor, further 

highlighting the presence of remarkable heat excesses (larger than considering only the ȹTDew/P ratio). 

Furthermore, other key points emerged from the experiments are reproducibility , self-progressivity and 

robustness of the performances (that keep stable during tests lasting even tens of hours), and the capability 

of the reactor to restore the thermal power produced, after each shutdown.  

The results obtained so far could be explained by the following potential synergic mechanisms (as already 

highlighted in the Rationale): 

1. Heat evolution upon EVO- impact with the active powder: this mechanism involves the release 

of heat resulting from the interaction between EVOs (Exotic Vacuum Objects) and the powder 

upon impact. 

2. Li -D reaction within the Charge Cluster: this mechanism suggests that lithium and deuterium 

reactions occur within the Charge Cluster, potentially contributing to the observed phenomena 

(Holmlidôs D(0) model). 

3. Bombardment of D+ ions near the Charge Cluster on a deuterated target: this involves the 

interaction of positively charged deuterium ions (D+) with a deuterated target, particularly in the 

vicinity of the Charge Cluster. 

4. Shockwaves on a deuterated target: shockwaves generated within the system may impact the 

deuterated target, triggering additional reactions or structural changes. 
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5. Screening effects triggering nuclear reactions: this mechanism involves electron clouds 

shielding nuclei coulombian repulsion which may influence the overall reaction dynamics and 

energy balance. 

6. Pulse-driven electromigration: this refers to the movement of ions or atoms within the material 

driven by electrical pulses, potentially contributing to the observed effects. 

7. Deuterium absorption in palladium and in the surface nano cracks of the active materials.  

8. D-D, n-Li and D-T reaction chain: this involves a sequence of reactions starting with deuterium-

deuterium fusion, progressing through neutron-lithium interactions producing tritium, and 

culminating in deuterium-tritium fusion. 

Summary of planned actions to build a LENR co-generator at TRL5 

Further analyses are planned in the short term, aimed at consolidating the results obtained, focusing on the 

improvement of the reliability of the experimental set-up and to confirm the reproducibility of the 

exothermal reactions also under different environmental conditions and operating variables.  

Further experiments are also planned to strongly enhance the thermal power density produced by the CPR 

reactor and to get directly electricity from plasma with innovative methods that have been recently 

described in FutureOnôs patent application filed last July 2024. One of the new strategies involves deuterons 

implantation treatments prior to each test, aimed at optimizing the loading of non-deuterated powders into 

the crucible. 

Finally, changes are being considered, such as increasing some components of the powder mix (like LiD 

and Pd-Ag coated graphene), testing the CR77 powder, which showed very good results with the SK 

reactor, and switching to a tip cathode design, with the aim of continuing the improvement of the promising 

results already achieved.  

The relative contribution to the reactor performance of each phenomenon currently involved will be 

explored deeply before scaling up the system through the design of a new prototype, updated and much 

larger and powerful, with the realistic goal of achieving commercially viable COPs for both heat and 

electricity production, at TRL5-6, within two-three years. 

Bibliography 

[1] K. Shoulders, Patent# US 5123039A ñEnergy conversion using high charge densityò 

[2] G. Vassallo et al., ñElectron Structure, Ultra-dense Hydrogen and Low Energy Nuclear Reactionsò, 

J. Condensed Matter Nucl. Sci. 29 (2019) 525ï547 

[3] S. Adamenko ñControlled Nucleosynthesisò Springer 

ñhttps://link.springer.com/book/10.1007/978-1-4020-5874-5ò 

[4] M. Fleischmann, S. Pons, Electrochemically induced nuclear fusion of deuterium, Journal of 

Electroanalytical Chemistry 261 (1989) 301ï308. 

[5] G. Vassallo, Charge Clusters, Low Energy Nuclear Reactions and Electron Structure, Journal 

Condens. Matter Nuclear Science 39 (2024) 1-21. 

[6] A. Huke, K. Czerski, P. Heide, G. Ruprecht, N. Targosz-ślἷczka, W. ŧebrowskil, Enhancement 

of deuteron-fusion reactions in metals and experimental implications, Phys. Rev. C 78 (2008) 

015803. 

https://patentimages.storage.googleapis.com/ba/f8/e8/2562bd8bdf1ffa/US5123039.pdf
https://link.springer.com/book/10.1007/978-1-4020-5874-5
https://link.springer.com/book/10.1007/978-1-4020-5874-5


CleanHME ς D3.2                                                                        Pag. 24 

[7] K. Czerski. N. Targosz-ślňczka et al., «Electron Screening Effect in Nuclear Reactions in 

Metallic and Gaseous Targets, in Proceedings, 35th Mazurian Lakes Conference on Physics, 

Piaski, Poland., 2018. 

[8] A. Kovacs, G. Vassallo, P. O'Hara, F. Celani and A.O. Di Tommaso Unified Field Theory and 

Occam's Razor, World Scientific, 04 2022. 

[9] F. Celani et al., Steps to identify main parameters for AHE generation in sub-micrometric 

materials: measurements by isoperibolic and air-flow calorimetry, J. Condensed Matter Nucl. 

Sci. 29 (2019), 52-74 

[10] R. Santilli et al., Confirmation of the laboratory synthesis of neutrons from a hydrogen gas, 

Journal Computational Methods Sci. Eng. 14(6):405-414 

[11] B. Ahern, Energy Localization, the key to understanding energy in nanotechnology and nature, 

https://www.lenr-canr.org/acrobat/AhernBSenergyloca.pdf 

[12] K. Shoulders, ñMethod of and apparatus for production and manipulation of high-density 

chargeò, US5054046 

[13] L. Holmlid et al., "Production of ultra-dense hydrogen H(0): A novel nuclear fuel". 

[14] S. V. Adamenko, Controlled Nucleosynthesis. Breakthroughs in Experiment and Theory, Series: 

Fundamental theories in Physics 156, eds. (Springer, 2007) 

https://link.springer.com/book/10.1007/978-1-4020-5874-5 

[15] M. Buzzacchi, E. Del Giudice, G. Preparata, Coherence of the Glassy State, Int J Mod Phys B, 16 

(2002) 3771ï3786. 

[16] B. Ahern Patent US5411654 Method of maximizing anharmonic oscillations in deuterated alloys, 

1995. 

  

https://www.lenr-canr.org/acrobat/AhernBSenergyloca.pdf
https://link.springer.com/book/10.1007/978-1-4020-5874-5


CleanHME ς D3.2                                                                        Pag. 25 

INFN CleanHME Project Report  

Advancements in Understanding LENR-!I9 9ŦŦŜŎǘǎ ƛƴ /ƻŀǘŜŘ /ƻƴǎǘŀƴǘŀƴ ²ƛǊŜǎ ǳƴŘŜǊ Iн ƻǊ 5і 

Atmosphere with DC/AC Voltage Stimulation. 

________________________________________ 

1. Introduction  

This report presents a comprehensive analysis of experiments conducted on Constantan (Cu55Ni44Mn1) 

wires, detailing key advancements in Low Energy Nuclear Reactions (LENR) and Anomalous Heat Effects 

(AHE) research, from the initial studies in 2011 to the start of the CleanHME project on August 1, 2020. 

The progression of these experiments highlights gradual yet significant improvements in materials 

treatment, reactor design, and experimental techniques aimed at achieving reproducible and sustainable 

AHE, particularly within the framework of LENR research. Constantan wires emerged as a promising 

material due to their cost-effectiveness, versatility, and structural durability under various experimental 

conditions, ultimately becoming the primary focus of our investigations into LENR. 

A central aim of these experiments has been to understand how surface modifications, configurations, 

ŀƴŘ ŜȄǘŜǊƴŀƭ ŜƭŜŎǘǊƛŎ ǎǘƛƳǳƭƛ ƛƴŦƭǳŜƴŎŜ !I9Φ Lƴƛǘƛŀƭ ǎǘǳŘƛŜǎ ŦƻŎǳǎŜŘ ƻƴ ƳƻŘƛŦȅƛƴƎ /ƻƴǎǘŀƴǘŀƴΩǎ ǎǳǊŦŀŎŜ ǿƛǘƘ 

coatings that enhance hydrogen absorption and incorporate Low Work Function (LWF) oxides to facilitate 

electron emission. Additionally, direct current (DC) and alternating current (AC) polarization of a counter-

electrode were introduced as mechanisms to create non-equilibrium conditions within the reactor, which 

proved particularly effective in producing AHE when coupled with dielectric barrier discharge (DBD) 

conditions and/or Paschen regimes at low pressures. These conditions promote the loading and 

movement of hydrogen and/or deuterium (i.e., active gases), a crucial factor in activating and maintaining 

AHE. 

Results from multiple experiments support a "flux model," in which AHE primarily depends on the 

ƳƻǾŜƳŜƴǘ ƻŦ ǊŜŀŎǘƛǾŜ ǎǇŜŎƛŜǎ ŀŎǊƻǎǎ ǘƘŜ ǿƛǊŜΩǎ ǎǳǊŦŀŎŜΣ ǿƛǘƘ ƻǘƘŜǊ ǾŀǊƛŀōƭŜǎΣ ǎǳŎƘ ŀǎ ǾƻƭǘŀƎŜΣ 

temperature, and pressure, serving as secondary facilitators of this flow. Although many findings align 

with this model, some results remain unexplained, likely due to constraints within the experimental setup 

and the complexities of replicating highly dynamic, non-equilibrium states. 

The flux model was pioneered by Gustav Carl Fralich at NASA in December 1989, using a palladium tube 

in a deuterium gas environment at high temperatures with cycled pressure variations (from several bars 

to vacuum). The results were kept confidential until 2012. 

The following sections provide a detailed overview of the progression in experimental designs, findings, 

and the underlying mechanics contributing to LENR-AHE effects. Each advancement in setup and 

technique builds on previous results, creating a stepwise methodology that brings us closer to 

understanding the potential of Constantan-based LENR systems. 
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2. Chronology of Experiments with Constantan Wires 

Year Main Achievement 

2011 Initiated experiments with oxidized Nickel-Copper alloys in various gas atmospheres, observing 

initial AHE in commercial Constantan wires, very old production batch (about 1960) having quite 

large amounts of impurities (mainly Fe). 

2013 Improved AHE reproducibility with low work function (LWF) coatings (e.g., SrO) and borosilicate 

glass fiber sheaths on wires. 

2015 Linked AHE to Fe impurities (very old batch) into Constantan wires and its surface; AHE was 

further enhanced with Fe, Mn, and K additives. Thermionic emission consistent with Richardson 

and Child-Langmuir laws was observed. 

2017 Increased AHE magnitude through wire geometry, particularly knotting to induce thermal 

gradients; implemented airflow calorimetry for precise AHE measurement. 

2018 Established the empirical link between thermionic emission and AHE; introduced specific 

counter-electrode setup to enhance electron emissions. 

2019 Achieved prolonged AHE stability (up to 1 day) through high voltage (+-600 V) and AC stimuli; 

noted that dielectric barrier discharge effects played a role in sustaining and intensifying AHE. 

 

This timeline highlights key achievements in material treatments, reactor setups, and measurement 

techniques that collectively expanded our understanding of AHE generation and control in Constantan-

based LENR systems. 

Evolution of the Experimental Setup: Constantan Wire Reactor 

The evolution of our experimental setup is characterized by four main phases, each representing an 

adaptation or enhancement aimed at achieving reliable and reproducible AHE under different conditions. 

 

1. Initial Setup (A): Early studies used a simple Constantan wire reactor. The wire was oxidized and 

coated to enhance surface area and absorption capability, leading to the first measurable AHE 

observations in comparison with a Ni-Cr wire. 

2. Grounded Counter-Electrode Introduction (B): The next iteration included a grounded counter-

electrode, which stabilized the system and enabled better AHE observation by controlling the 

electrical discharge conditions within the reactor. 

3. DC Polarization of the Counter-Electrode (C): Direct current was applied to the counter-

electrode, promoting electron migration and establishing the non-equilibrium conditions 

essential for AHE. This configuration allowed for more controlled electron emission from the 

Constantan wire, resulting in longer-lasting AHE. 

4. AC Polarization of the Counter-Electrode (D): Alternating current was introduced to the 

counter-electrode, which increased electron emission rates and yielded more robust and 

sustained AHE responses. This stage marks a significant advancement in reactor stability and 

AHE consistency. 
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Figure 1 illustrates these changes, showing the progressive adjustments made to the reactor to optimize 

AHE induction. These advancements underscore the importance of systematic reactor design and precise 

electrode configurations in achieving reliable AHE measurements. 

 

  
Figure 1: Evolution of the Constantan Wire Reactor Setup. Figure illustrates the development of the 

Constantan wire reactor setup over time, aimed at optimizing AHE induction. (A) Initial setup with 

Constantan wire alone. (B) Addition of a grounded counter-electrode to stabilize electrical conditions and 

facilitate AHE. (C) Introduction of direct current (DC) polarization for enhanced electron migration and 

establishment of non-equilibrium states. (D) Application of alternating current (AC) to the counter-

electrode to intensify electron emission and promote sustained AHE generation due, at least, to the 

dynamic conditions of 50 Hz AC current. 

3. Experimental Design and Methodology 

Wire Treatment and Influence of Diameter and Length on AHE. 

The preparation of Constantan wires involved a series of oxidation and coating procedures aimed at 

enhancing hydrogen absorption, increasing surface area, and improving electron emission. Using the 

same preparatory methods as in previous studies, we found that thinner wires consistently exhibited 

higher AHE. This result is attributed to the ratio between the oxidized surface area and the non-oxidized 

core area, with smaller-diameter wires offering a greater effective surface area for active gas absorption. 

The experimental setup included specific diameter comparisons, testing wires of 100 µm, 200 µm, and 

350 µm. Wires with a 50 µm diameter were found to be excessively fragile. SEM observations confirmed 

that the wires developed a porous, spongy oxidized layer on the surface, which enhances active gas 

absorption when the oxides are reduced by interaction with H2 or D2. 
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Figure 2 provides SEM-based schematics of the wire cross-sections, illustrating the porous layer that forms 

on the surface during preparation. This layer, approximately 15-25 µm thick, acts as a highly receptive 

interface for active gas absorption. 

Additionally, thinner wires subjected to direct current heating displayed significantly higher current 

ŘŜƴǎƛǘȅ ŀƴŘ ǾƻƭǘŀƎŜ ŘǊƻǇǎ ŀǘ ǘƘŜƛǊ ŜƴŘǇƻƛƴǘǎΦ ¢ƘŜǎŜ ŎƻƴŘƛǘƛƻƴǎ ŀǊŜ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ άbƻƴ-faradaic 

9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ aƻŘƛŦƛŎŀǘƛƻƴ ƻŦ /ŀǘŀƭȅǘƛŎ !ŎǘƛǾƛǘȅέ όb9a/!ύ ŜŦŦŜŎǘ ŀƴŘ Dƛǳƭƛŀƴƻ tǊŜǇŀǊŀǘŀϥǎ ά/ƻƘŜǊŜƴŎŜ 

ǇƘŜƴƻƳŜƴŀΣέ ǿƘŜǊŜ ǘƘŜ ǘƻǘŀƭ ǾƻƭǘŀƎŜ ŘǊƻǇ ŀŎǊƻǎǎ ŀ ǿƛǊŜ ƛǎ ōŜƭƛŜǾŜŘ ǘƻ ƛƴŦƭǳŜƴŎŜ ŎƻƘŜǊŜƴǘ ǎǘŀǘŜǎ ǿƛǘƘƛƴ 

the material, rather than just the V/cm value, as in typical electromigration effects. While the coherence 

mechanisms behind LENR remain under investigation, these findings suggest that wire dimensions and 

treatments significantly impact AHE. 

 
Figure 2: Cross-Section of Constantan Wires with Different Diameters after Treatment. Cross-sectional 

schematics show the porous oxidized layers that form on Constantan wires of various diameters during 

preparation, enhancing their capacity for active gas absorption. The treated outer layer (blue area) 

measures 15-25 µm in thickness and acts as a high-capacity absorption zone. These diagrams are based 

on SEM observations. 

 

Richardson and Child-Langmuir Laws 

In 2014, experiments conducted at low pressures introduced an independent wire positioned close to the 

active Constantan wire, revealing thermionic emission effects. At high temperatures, a weak electric 

current was observed flowing between the wires, with the active Constantan wire functioning as a 

cathode and the adjacent wire as an anode. This current was directly correlated with the temperature of 

the Constantan wire and aligned with both Richardson's and Child-Langmuir laws. 

Further experiments demonstrated that thermionic emission, combined with spontaneous voltage 

generation between the wires, had a strong association with AHE. Although a comprehensive model 

explaining this relationship is still in development, this thermionic effect was reproducible across multiple 

trials. The combined effects of thermal and chemical gradients were also evident, especially in knotted 

configurations, which enhanced the magnitude of AHE. Figure 3 illustrates the "Capuchin" knot design, 
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employed to increase thermal gradients along the wire, showcasing how physical configuration impacts 

AHE. 

 
Figure 3: Capuchin knot configuration used in experiments. The figure shows an 8-loop knot (Capuchin 

type) obtained by a 193 µm diameter Constantan wire, heated with direct current (I = 1900 mA; J=63 

A/cm2) in free air. ¢ƘŜ ŎƻƛƭΩǎ ƻǳǘŜǊ ŘƛŀƳŜǘŜǊ ǊŀƴƎŜǎ ŦǊƻƳ мр ǘƻ нл ƳƳΣ ǿƛǘƘ ǘŜƳǇŜǊŀǘǳǊŜ ƎǊŀŘƛŜƴǘǎ ǾƛǎƛōƭŜ 

through colour differentiation. Darker areas correspond to temperatures below 600 °C, while outer spires 

reach approximately 800 °C, and the innermost section may reach up to 1000 °C. A typical experiment 

uses 4-8 knots within a 200 cm wire length. 

 

Knot Configurations and Intrinsic Thermal Gradients. Another new reactor core geometry. 

In 2018, exploration of various knot designs began to maximize AHE production. The "Capuchin" knot, 

featuring multiple loops and generating localized hot spots, resulted in significant AHE increases. This knot 

design created three distinct temperature zones, with temperature differences reaching hundreds of 

degrees Celsius between the inner and outer sections. These thermal gradients induced a voltage 

difference, resulting from both ohmic drops and thermal disparities between the internal and external 

regions of the knot. 

Despite the AHE advantages, the Capuchin knot presented challenges due to its complex construction and 

susceptibility to short-circuiting. The manpower and resources required to develop new Constantan wires 

with insulating surface layers exceeded our available means. 

AHE saw a substantial increase when a voltage was applied between the active wire (cathode) and an 

adjacent anode wire. This finding emphasized the importance of both physical configuration and electrical 

stimulation for amplifying AHE in the Constantan setup. 

 

Coil Design and Final Assembly 

Building on these insights, our studies transitioned from using physical configurations (e.g., knots) to 

primarily relying on electric stimuli for enhancing AHE. The final setup, illustrated in Figure 4, consisted of 
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a 200 µm Constantan wire that was oxidized, coated with a Low Work Function (LWF) oxide (SrO), and 

enclosed in an insulating microporous sheath of woven quartz-alumina fibers. This sheathed wire was 

then coiled around an iron tube, which served as the counter-electrode to test the effects of voltage bias 

on AHE. 

The coil configuration, as shown in Figure 4, nearly standardized the experimental setup, allowing for 

reproducible AHE measurements and confirming that non-equilibrium conditions are essential to 

sustaining AHE. 

 
 

Figure 4: The figure displays the final coil assembly configuration. The counter-electrode, composed of a 

thin iron (Fe) tube, is encased in an electrically insulating sheath made of quartz-alumina fibers. The 

Constantan coils include an internal thermocouple housed within a stainless steel (SS) tube for precise 

temperature measurement in a coaxial arrangement. 

For the Constantan coil itself, temperature measurements are based on resistance variation, as no internal 

thermocouple is used. However, due to the inherently low resistivity variation of Constantan alloy with 

temperature, these resistance measurements provide only general indications. 

4. Results and Analysis 

In a particularly notable experiment, 18 W of AHE was achieved with an input power of 99.7 W. This result, 

using a 200 µm wire coil at a temperature of approximately 716 °C, was achieved with a counter-electrode 

DC bias of +270 V and a current of 3 mA, with the wκwє Ǌŀǘƛƻ ƻǎŎƛƭƭŀǘƛƴƎ ƻǾŜǊ ǘƛƳŜΦ ¢ƘŜ !I9 ŜŦŦŜŎǘ ƭŀǎǘŜŘ 

over five hours before gradually decreasing to 9.5 W due to an air leak that raised the pressure from 



CleanHME ς D3.2                                                                        Pag. 31 

approximately 300 to 316 mbar. Nonetheless, the overall effect persisted for more than 15 hours, 

demonstrating the robustness of this setup. 

Reversing the polarity reduced AHE to 7.4 W. Introducing an AC bipolar oscillation (+- 600 V peak, 50 Hz) 

increased AHE to 10.7 W, which was sustained for four hours. A further reduction in pressure to 98 mbar 

under AC oscillation increased AHE to 14.5 W, even after AC stimulation was halted. Figure 5 displays a 

typical waveform observed during AC stimulation. 

 

Figure 5: Oscilloscope Readout of Voltage and Current Wave-forms during Dielectric Barrier Discharge 

(DBD) Conditions. This oscilloscope capture shows typical voltage and current wave-forms during DBD 

conditions, illustrating one of the most effective conditions for increasing AHE. The DBD effect, induced 

by self-induced high-frequency alternating current (shown in blue colour), correlates with increased AHE 

and reveals the challenges associated with maintaining stable discharge conditions. The 10 kOhm resistor, 

simple procedure, was used to limit the peak current during the discharge regime and reduce the 

possibility of breaking the thin 200 m Constantan wire. The current limit problem has to be improved in 

the future, adopting more sophisticated circuitries, not just a simple resistor. 

  

5. 2021 Experimental Activity Report:  

Electromagnetic Excitation of Coaxially-Coiled Constantan Wires Using High-Power, High-

Voltage Microsecond Pulses. 

Introduction 

This report presents our research on the electromagnetic excitation of Constantan (Cu55Ni44Mn1) wires, 

aimed at exploring their potential for generating Low Energy Nuclear Reaction (LENR) phenomena, 

particularly Anomalous Heat Effects (AHE). These findings, presented remotely due to Covid-19 travel 

restrictions, were shared at the 23rd International Conference on Condensed Matter Nuclear Science 
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(ICCF23), held at Xiamen University in China. They represent significant progress in understanding the 

complex interactions driving AHE in nickel-copper alloys. 

We summarize our methodology and experimental data from 2021, focusing on recent innovations in 

coaxially coiled Constantan wires and high-power pulsing techniques. 

¶ In 2011, our focus shifted towards creating a cost-effective, robust alternative to traditional 

palladium-based LENR materials (in use since 1989), leveraging Constantan's well-documented 

hydrogen-dissociating and hydrogen storage properties. Capable of diǎǎƻŎƛŀǘƛƴƎ Iі όƻǊ 5іύ 

molecules at temperatures as low as 150 °C and sustaining these reactions up to approximately 

800 °C, Constantan supports a stable hydrogen storage mechanism that enhances AHE potential. 

This material also offers greater resistance to brittlenessτa common issue in Pd-based LENR 

ǎȅǎǘŜƳǎ ŜȄǇƻǎŜŘ ǘƻ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜǎ ŀŦǘŜǊ Iі ƻǊ 5і ŀōǎƻǊǇǘƛƻƴΦ DƛǾŜƴ ƛǘǎ ŀŦŦƻǊŘŀōƛƭƛǘȅ ŀƴŘ 

durability, Constantan has emerged as a promising candidate for LENR studies, especially in coiled 

geometries and when subjected to high-power, microsecond-long pulses. 

Building on our foundational work with palladium in electrolytic environments in the 1990s, this research 

explores methods to induce the non-equilibrium conditions necessary for AHE by harnessing the unique 

properties of Constantan wires. Through coaxial coil designs and controlled electromagnetic stimulation, 

we achieved simultaneous longitudinal and transversal hydrogen flux, conditions theorized to support 

significant AHE. 

The objective of this report is to elucidate the experimental procedures for maximizing flux through high-

power pulsing and to discuss preliminary results from these innovative approaches. 

Background and Evolution of Wire Configurations 

Our work in 2021 builds upon decades of experimentation with LENR-active materials in high-power, high-

voltage environments. Early research using pure palladium and palladium-yttrium alloys, produced by 

Tanaka K.K. in Japan, incorporated both longitudinal and transversal deuterium flux, forming the 

theoretical foundation that we now apply to Constantan wires. While palladium showed promise, its high 

cost and susceptibility to degradation at elevated temperatures limited its long-term utility. Consequently, 

in 2011, we shifted our focus to Constantan, initiating intensive studies on its propertiesτparticularly its 

ability to efficiently dissociate hydrogen, absorb atomic hydrogen, and maintain stable thermal gradients 

at temperatures approaching 900 °C. 

Over the years, our setup evolved from simple wire configurations to the sophisticated coaxially coiled 

geometry shown in Figure 7, designed to optimize AHE generation. Early results confirmed that specific 

surface treatments, geometry, and pulsing conditions enhance AHE. The current design, a reversed coaxial 

coil with a central iron tube as the inner electrode, supports high-voltage insulation and enables 

simultaneous longitudinal and transversal flux. With this configuration, we observed that high-power 

pulses applied across the Constantan wire create non-equilibrium conditions favorable for AHE. 

Figure 6: Evolution of Wire Configurations for Enhanced Field Stimulation (2011-2021) ς This diagram 

shows the development of wire arrangements from 2011 to the present, culminating in the optimized 

configuration used in 2020-2021.  

Each configuration progressively improved upon previous designs to better support LENR-AHE generation. 
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Figure 6: Evolution of Wire Configurations for Enhanced Field Stimulation (2011-2021). 

The figure traces the progression of wire configurations developed over the past decade to optimize field 

stimulation and Anomalous Heat Effect (AHE) generation in Constantan wires. Beginning with the simplest 

arrangement in 2011, each configuration incrementally improved upon previous designs. The setup 

evolved to achieve maximal electro-migration and hydrogen flux, leading to the most refined arrangement 

(design E) implemented in 2020-2021. These advancements incorporate enhanced geometry, specialized 

coating techniques, and refined reactor setups that support controlled electric field exposure, maximize 

surface area interaction with hydrogen or deuterium, and sustain non-equilibrium conditions essential for 

AHE. The figure highlights key adaptations such as coiled geometries, wire coatings, and counter-

electrode integration that collectively improve AHE reliability and magnitude. 

 

Experimental Setup and Techniques for Field Stimulation 

High-Power, Microsecond Pulse Stimulation 

Our current setup applies high-power, microsecond pulses along coaxially-coiled Constantan wires (Figure 

6E, 7), with each pulse aiming to achieve substantial flux and electron migration effects. Given the thermal 

ŀƴŘ ŜƭŜŎǘǊƛŎŀƭ ǊŜǎƛǎǘŀƴŎŜ ǇǊƻǇŜǊǘƛŜǎ ƻŦ /ƻƴǎǘŀƴǘŀƴΣ ǘƘŜǎŜ ǇǳƭǎŜǎ ǊŀǇƛŘƭȅ ƘŜŀǘ ǘƘŜ ǿƛǊŜΩǎ ǎǳǊŦŀŎŜΣ ŎǊŜŀǘƛƴƎ ŀ 

significant temperature differential along its length and supporting electron emission through thermionic 

effects. The pulse duration is approximately 10 µs, with a peak power of up to 4.5 kW, sufficient to 

produce even ǎƪƛƴ ŜŦŦŜŎǘ ŀƭƻƴƎ ǘƘŜ ǿƛǊŜΩǎ ƻǳǘŜǊ ǎǳǊŦŀŎŜΦ ¢Ƙƛǎ ŘŜǎƛƎƴ ŜƴŀōƭŜǎ ǊŀǇƛŘ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴŎǊŜŀǎŜǎ 

while maintaining structural integrity, ensuring that high-energy pulses are absorbed without 

compromising wire stability. 

Figure 7: Coil Assembly Overview ς Depicts the multilayer coatings, high-temperature sheaths, and IR 

reflectors that enable the Constantan coil to withstand high-power pulses. Each layer serves to enhance 

active gas adsorption, electron emission, and thermal stability, facilitating effective AHE generation under 

controlled conditions. 
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Key experimental techniques included leveraging the Child-Langmuir effect, Richardson effect, and 

ŘƛŜƭŜŎǘǊƛŎ ōŀǊǊƛŜǊ ŘƛǎŎƘŀǊƎŜǎ ό5.5ύ ǘƻ ƳŀȄƛƳƛȊŜ ǘƘŜ ǿƛǊŜΩǎ ŜƭŜŎǘǊƻƴ ŜƳƛǎǎƛƻƴ ǇǊƻǇŜǊǘƛŜǎΦ .ȅ ǳǎƛƴƎ ŀ 

counter-electrode positioned within the coil, we created conditions where both longitudinal and 

transversal flux could be established. Additionally, alternating the voltage polarity on the counter-

electrode enabled us to adjust electron flow rates, contributing to AHE by enhancing hydrogen migration 

through the wire surface. Electron dynamics, driven by temperature and electromagnetic forces, further 

reinforced the non-equilibrium states essential for LENR-AHE. 

One limitation of the current setup for generating high-voltage pulses (up to +1000 V) is that the voltage 

begins to increase at the end of the main pulse, with a delay of approximately 2-10 µs in the active pulse 

duration. This effect results from the extra voltage generated when a rectangular or square pulse with a 

very fast fall-time ends. Future improvements should focus on designing new circuitry to overcome this 

limitation. 

 

Figure 7: Coil Assembly Overview ς Multilayer Low Work Function Oxide Coatings, High-Temperature 

Porous Sheaths, IR Reflector. 

This figure presents a comprehensive view of the coil assembly, focusing on the multi-layered structure 

designed for effective LENR-AHE generation. The Constantan wire, approximately 158 cm in length and 

200 µm in diameter, is coiled into a 12-14 cm coil with around 50 turns. Each layer has a distinct function: 

¶ Inner Core: The pure Constantan alloy forms the base, subjected to oxidation to create a rough, 

porous structure. 

¶ Outer Layer: The oxidized outer layer provides a spongy, expanded surface area that promotes 

active gas absorption and electron migration, enhanced by selective addition of Sr, Fe, K, and Mn. 

¶ Sponge Structures: These porous structures comprise mixed oxides to enhance electron emission 

and stabilize AHE under high temperatures. 

¶ ¢ƘŜ ŀǎǎŜƳōƭȅ ŀƭǎƻ ƛƴŎƭǳŘŜǎ ŀ ƘȅōǊƛŘ !ƭіhї-{ƛhі ǎƘŜŀǘƘ ǘƻ ǎǳǇǇƻǊǘ ǘŜƳǇŜǊŀǘǳǊŜǎ ǳǇ ǘƻ мнлл ϲ/ ŀƴŘ 

an infrared (IR) reflector to reduce heat loss. Each component was selected to support high-
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frequency pulsing, withstanding rapid thermal changes and facilitating persistent AHE in gas 

mixtures. 

Gas Composition and Pulse Optimization 

Experiments with hydrogen-noble gas mixtures, particularly those including argon, demonstrated 

significant benefits for thermal management and flux control. We also tested xenon, which provided the 

best overall performance; however, its high cost made it impractical for continued use. The low thermal 

conductivity of the gas mixture helped maintain high temperatǳǊŜǎ ŀƭƻƴƎ ǘƘŜ ǿƛǊŜΩǎ ǎǳǊŦŀŎŜΣ ǊŜŘǳŎƛƴƎ 

cooldown times and enhancing AHE durability. 

Pulsing parameters were carefully calibrated, with gas type and pressure optimized to maintain conditions 

within the usual Paschen and/or DBD regimes (as detailed in Fig. 9). These regimes enabled localized 

electron emission, creating additional energy at the wire-gas interface that was conducive to AHE. 

 

Experimental Findings 

Effects of High-Power Pulsing 

Our experiments demonstrated that high-power pulsing initiates several critical effects within the 

Constantan wire, most notably enhanced electron migration and substantial thermal gradients. 

Temperatures along the wire varied significantly during pulsing, with mean operational temperatures 

between 500 °C and 700 °C. At peak power levelsτranging from a mean of 64 W up to peaks of 4640 Wτ

temperature fluctuations generated sufficient gas flux overall to sustain AHE. 

 

Figure 8: Temperature and Electron Emission Relationship under High-Power Pulsing Conditions, based 

ƻƴ wƛŎƘŀǊŘǎƻƴΩǎ ƭŀǿΦ 
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CƛƎǳǊŜ уΣ ōŀǎŜŘ ƻƴ wƛŎƘŀǊŘǎƻƴΩǎ ƭŀǿΣ illustrates the typical relationship between electron emission density 

and temperature, highlighting how controlled high-power pulses enhance electron migrationτa key 

process in AHE generation. The figure demonstrates how pulsing at elevated temperatures increases 

ŜƭŜŎǘǊƻƴ ŜƳƛǎǎƛƻƴ ŀƴŘ ŘǊƛǾŜǎ ŦƭǳȄ ŀŎǊƻǎǎ ǘƘŜ /ƻƴǎǘŀƴǘŀƴ ǿƛǊŜ ǎǳǊŦŀŎŜΣ ŀƭƛƎƴƛƴƎ ǿƛǘƘ wƛŎƘŀǊŘǎƻƴΩǎ ƭŀǿ ŀƴŘ 

supporting sustained AHE. 

Repeated tests indicated that both surface and bulk reactivity in Constantan wires increased with the 

frequency and intensity of pulsing. Notably, as temperatures approached 600 °C in hydrogen-argon 

mixtures, the AHE response intensified, suggesting that gas composition is critical for enhancing AHE. 

Hydrogen, in particular, proved advantageous for creating flux within the wire surface, especially when 

the noble gas mixture reduced rapid heat loss. 

The graph illustrates the relationship between temperature (273ς1300 K) and electron emission density 

(A/m²) across materials with various work functions (1.0ςоΦл Ŝ±ύΣ ŦƻƭƭƻǿƛƴƎ wƛŎƘŀǊŘǎƻƴΩǎ ƭŀǿ ŦƻǊ 

thermionic emission. As temperature increases, electron emission density rises exponentially, indicating 

optimal operating temperatures for electron "boiling off" when the Constantan wire surface is coated 

with low work function materials like SrO. 

At typical operational temperatures of 730ς980 °C (work function ~2 eV), electron density ranges from 

ŀǇǇǊƻȄƛƳŀǘŜƭȅ млц ǘƻ млш !κƳчΣ ŦŀŎƛƭƛǘŀǘƛƴƎ ƘƛƎƘ ŜƭŜŎǘǊƻƴ ƳƛƎǊŀǘƛƻƴ ŀŎǊƻǎǎ ǘƘŜ ǿƛǊŜΩǎ ǎǳǊŦŀŎŜΦ ¢ƘŜ ǎǇƻƴƎȅ 

structure created through surface oxidation increases the surface area by roughly 100-fold, thereby 

amplifying emission density and contributing to sustained AHE during high-power pulse applications. 

 

 

 

Figure 9: Behaviour of Electrons During Negative Unipolar Pulsing with Dielectric Barrier Discharge 

(DBD) Prevention 

The figure illustrates electron behavior under negative unipolar pulses applied to Constantan wires in a 

dielectric barrier discharge (DBD) regime. The applied low-conductivity coatings on the wire, along with 

porous dielectric sheaths, help sustain filamentary discharges while reducing the risk of destructive 

sparking. Controlled voltage and frequency parameters promote a stable electron flow, enhancing AHE 

induction without causing uncontrolled arcing or localized overheating. 
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By maintaining a mild filamentary discharge rather than a full Paschen breakdown, the system fosters a 

stable non-equilibrium state that is favorable for electron emission and AHE. Although dedicated, often 

costly, electronic circuitry is typically required to maintain this regime, low-cost solutions should be 

developed to keep the overall reactor cost as low as possible. 

Calibration and Measurement Accuracy 

To ensure experimental accuracy, all results were cross-referenced with DC calibration using stable, non-

inductive resistors for precise temperature control. These calibration steps allowed us to confirm that 

observed temperature increases in pulsed conditions were attributed to AHE rather than external factors. 

Additionally, tests with an argon-rich hydrogen mixture showed that the lower thermal conductivity of 

the noble gas further increased internal temperatures, enhancing thermal gradients and consistently 

contributing to AHE generation across various conditions. 

 

Conclusions and Future Directions 

Key Findings 

1. Pulsed Power as a Reliable AHE Trigger: High-power pulsing, especially at microsecond durations 

and high frequencies, consistently triggered AHE in Constantan wires. This process appears to be 

reinforced by the low work function oxide coatings and the gas composition, with hydrogen-argon 

mixtures yielding results of practical use. 

2. Thermal Gradients and Electro-migration as AHE Drivers: AHE is strongly influenced by the 

interplay of thermal gradients and electro-ƳƛƎǊŀǘƛƻƴ ŀƭƻƴƎ ǘƘŜ ǿƛǊŜΩǎ ǎǳǊŦŀŎŜΦ 9ƭŜŎǘǊƻƳƛƎǊŀǘƛƻƴ 

and the Child-Langmuir effect create non-equilibrium conditions, facilitating sustained AHE. 

3. Coiled Geometry and Gas Composition Impact: Using a coaxial coil configuration enhances the 

stability and magnitude of AHE. The coaxial arrangement minimizes energy loss, maintains 

thermal gradients, and controls electron flow. Adjusting the gas composition, especially with 

argon admixtures, allows for efficient thermal management within the reactor core, further 

extending AHE duration. 

4. Constantan as a Practical LENR Material: Constantan presents a cost-effective alternative to 

palladium, displaying comparable AHE properties when properly conditioned. Its structural 

resilience and hydrogen dissociation ability make it suitable for extended pulsing regimes at 

elevated temperatures, providing a practical pathway for LENR technologies. 

 

Next Steps 

To build upon these findings, further investigations will focus on refining gas compositions, optimizing 

pulse duration and frequency, and testing additional noble gas mixtures. Planned upgrades include 

introducing air-flow calorimetry, which, despite inherently longer equilibration times, will allow for 

ǇǊŜŎƛǎŜ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ ŀōǎƻƭǳǘŜ !I9 ǾŀƭǳŜǎΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ ŀŘƧǳǎǘƳŜƴǘǎ ǘƻ ǘƘŜ ǊŜŀŎǘƻǊΩǎ ƎŜƻƳŜǘǊȅ Ƴŀȅ 

be tested to maximize surface area contact with the gas mixture and increase flexibility in gas-pressure 

cycling. Addressing occasional wire degradation during prolonged high-power pulsing will also be a 

priority, as sustained AHE induction depends on material stability and repeatability across trials. 
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This research highlights the potential of Constantan as a promising LENR material, demonstrating its 

unique response to high-power, short-duration pulses in hydrogen-noble gas environments. By fine-

tuning operating conditions and extending experimental durations, we aim to establish a reproducible 

protocol for sustained AHE, providing a feasible alternative to palladium-based LENR systems and 

advancing the field toward practical applications. 

 

2022 Research Activity Report.  

Enhancing Anomalous Heat Effects in Constantan Wires through a Robust Experimental 

Protocol. 

Abstract 

This report summarizes research findings presented at the 24th ICCF Conference, held in Mountain View, 

California, USA, on July 25-28, 2022. Given the limitations imposed by Covid-19, our efforts focused on 

simplifying electrical excitation procedures. The sophisticated custom-built pulser used in 2021 had 

malfunctioned, and obtaining replacement parts was not feasible, limiting further enhancements to its 

robustness. 

Instead, we focused on refining methods to produce Anomalous Heat Effect (AHE) in Constantan wires 

through high-power, long-duration conventional DC heating and surface modifications. Using a 

specialized "inverse coaxial coil" setup, the experiments explorŜŘ !I9Ωǎ ŘŜǇŜƴŘŜƴŎȅ ƻƴ ƛǎƻǘƻǇƛŎ ŜŦŦŜŎǘǎ 

and operational cycling, as well as the influence of surface morphology and gas composition. The study 

ƘƛƎƘƭƛƎƘǘŜŘ ŀ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ !I9 ŀƴŘ ƘȅŘǊƻƎŜƴ ƻǊ ŘŜǳǘŜǊƛǳƳ ŦƭǳȄ ǘƘǊƻǳƎƘ ǘƘŜ ǿƛǊŜΩǎ ƳƻŘƛŦƛŜŘ 

ǎǳǊŦŀŎŜΦ ! άǇƻǎƛǘƛǾŜ ƳŜƳƻǊȅ ŜŦŦŜŎǘέ ƛƴ !I9 ǿŀǎ ŀƭǎƻ ƻōǎŜǊǾŜŘΣ ǿƛǘƘ !I9 ƭŜǾŜƭǎ ƛƴŎǊŜŀǎƛƴƎ ƻǾŜǊ ǊŜǇŜŀǘŜŘ 

cycles. 

¢ŜǎǘƛƴƎ ǿƛǘƘ 5і ŀƴŘ Iі ǊŜǾŜŀƭŜŘ ƘƛƎƘŜǊ !I9 ǿƛǘƘ ŘŜǳǘŜǊƛǳƳΣ ǎǳƎƎŜǎǘƛƴƎ ǎǇŜŎƛŦƛŎ ƛǎƻǘƻǇƛŎ ƛƴŦƭǳŜƴŎŜǎ ƻƴ 

heat production. Moving forward, we plan to optimize peak power pulsing techniques previously used, 

aiming to reduce the external energy required to sustaƛƴ !I9 ŀƴŘΣ ŎƻƴǎŜǉǳŜƴǘƭȅΣ ƛƳǇǊƻǾŜ ǘƘŜ ǎȅǎǘŜƳΩǎ 

Pout/Pin efficiency ratio. 

Introduction 

The Anomalous Heat Effect (AHE) in Constantan wires, especially through surface modifications and 

treatments, shows promising potential for low-energy nuclear reactions (LENR) applications. In 2022, our 

work focused on achieving reproducible AHE in Constantan (Cu-Ni alloy) wires by refining experimental 

ǇǊƻǘƻŎƻƭǎ ŀƴŘ ŜȄŀƳƛƴƛƴƎ ƛǎƻǘƻǇƛŎ ŘŜǇŜƴŘŜƴŎƛŜǎ ǿƛǘƘ 5і ŀƴŘ Iі ƎŀǎŜǎΣ ǇǊƛƳŀǊƛƭȅ ŦƻǊ ŀŎŀŘŜƳƛŎ ŜȄǇƭƻǊŀǘƛƻƴΦ 

High-power, long-duration DC heating was applied to create non-equilibrium conditions essential for AHE 

within a reactor built around the "inverse coaxial coil" design. Calibration and energy balances were 

conducted primarily with helium, validating the setup for consistent heat measurements. 

This report details our findings on the effects of repeated heating cycles, isotopic gas substitution, and 

surface treatments aimed at enhancing gas absorption. Our goal was to deepen understanding of the AHE 

mechanisms in modified Constantan wires, with a particular focus on hydrogen-induced "superabundant 

vacancies" (SAV)τa model initially developed by Y. Fukai in Japan and later refined by M. Staker in the 

USAτwhich increase gas flux and heat effects. 
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Experimental Setup 

The experimental system featured our "inverse coaxial coil" design (Figure 10), optimized for enhanced 

heat measurement efficiency and gas exposure. The reactor was constructed with a thick-walled 

borosilicate glass tube and simplified from previous versions on the inner side. Thermocouples positioned 

on the reactor's external wall captured temperature data essential for energy balance calculations. To 

ensure optimal heat retention and simulate black-body emission, the exterior was wrapped with a 

multilayer aluminum foil, including a reflective inner layer and a high-emissivity black-coated outer layer, 

achieving internal temperatures up to 900 °C. 

The Constantan wire (200 µm in diameter, 158 cm long, 0.45 g) underwent multiple cycles of high-

temperature oxidation, followed by coatings of specific metals (Fe, Sr, K, Mn) applied in nitrate solutions 

and decomposed to oxides at high temperatures. In particular, SrO, known for its low work function, 

facilitates electron emission at elevated temperatures. This treatment created a spongy, micro-structured 

surface conducive to hydrogen flux, an essential component in sustaining AHE. 

 

CƛƎǳǊŜ млΥ 5ŜǘŀƛƭŜŘ ±ƛŜǿ ƻŦ ǘƘŜ wŜŀŎǘƻǊΩǎ LƴƴŜǊ /ƻǊŜΦ The figure provides a close-up view of the simplified 

inner core design used previously for testing pulsed current effects on Constantan wires.  

 

Experimental Procedures and Key Findings. 

Unusual Procedures and Activation. 

Specific, relatively simple procedures were developed to "activate" the Constantan wire for AHE 

production. Surface modifications were achieved by oxidizing the wire at high temperatures in free air, 

forming a sponge-like morphology. This was followed by coating the wire with mixed oxides (Sr, Fe, K, Mn) 

to enhance electron emission and gas absorption properties. 

The setup also demonstrated that prolonged DC heating alone could gradually activate the Constantan 

wire, though it required careful control of current density and gas composition. Initial experiments 

indicated that even residual hydrogen from pre-treatment cycles contributed to AHE, suggesting that a 

well-defined protocol for gas loading is essential to accurately estimate AHE. This implies that AHE values 

could be underestimated without such standardized loading procedures. 
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Conditioning Cycles and AHE Enhancement (Exemplary Results, Part 1) 

CƻǳǊ ƘȅŘǊƻƎŜƴ ŎƻƴŘƛǘƛƻƴƛƴƎ ŎȅŎƭŜǎ όIіІм ǘƻ IіІпύ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘΣ ǊŜǾŜŀƭƛƴƎ ŀ ŎƭŜŀǊ trend of increasing 

!I9 ǿƛǘƘ ŜŀŎƘ ŎȅŎƭŜ όCƛƎǳǊŜ ммύΦ ¦ǎƛƴƎ ǘƘŜ ǎŀƳŜ Iі Ǝŀǎ ǘƘǊƻǳƎƘƻǳǘΣ ǿƛǘƘƻǳǘ ǘƘŜ ǳǎǳŀƭ ŘŜƎŀǎǎƛƴƎ ŀƴŘ 

refilling procedure typically performed in previous experiments, allowed for consistent interpretation by 

avoiding variations due to any Iіh ŦƻǊƳŜŘ ŀƴŘ ǎǘƻǊŜŘ ƛƴ ǘƘŜ ǊŜŀŎǘƻǊ ŎƘŀƳōŜǊ ŦǊƻƳ Iі ǊŜŘǳŎǘƛƻƴ ƻŦ ƻȄƛŘŜǎΦ 

Any water present remained constant within the chamber, providing consistent effects on temperature 

behavior and enabling reliable interpretation of AHE increases over consecutive cycles. 

!I9 ǾŀƭǳŜǎ ŎƭƻǎŜƭȅ ŎƻǊǊŜƭŀǘŜŘ ǿƛǘƘ ǘƘŜ ǊŜǎƛǎǘŀƴŎŜ Ǌŀǘƛƻ όwκwєύΣ ǿƘƛŎƘ ŘŜŎǊŜŀǎŜŘ ŀǎ !I9 ǊƻǎŜΣ ǊŜŦƭŜŎǘƛƴƎ 

improved hydrogen absorption and structural adaptation of the wire. These AHE results were comparable 

to historical findings from palladium (Pd) experiments, emphasizing the critical role of repeated deuterium 

cycling (for Pd) at low and high power levels and the subsequent thermal cycling. We hypothesize that 

these effects are due to modifications in the lattice crystal structure, with AHE increasing over time. 

Notably, in the original work by Fleischmann and Pons (starting in 1986), it took 2-3 months of electrolysis 

before AHE could be reliably detected, despite issues with reproducibility. 

The conditioning procedure was relatively simple: starting from zero power, the input was gradually 

increased to the maximum value over approximately two hours, then held for the specified duration. To 

establish the relationship between input power and external temperature (adjusted for ambient 

temperature), measurements were taken at decreasing steps of about 10 W, with a waiting period of at 

least one hour per measurement. Under our experimental conditions, the temperature equilibrium time 

was around 20-30 minutes when decreasing input power within the 40-140 W range, and longer at lower 

powers. At low power levels, we allowed for equilibrium times of up to 90-120 minutes. 

 

CƛƎǳǊŜ ммΦ !ŎǘƛǾŀǘƛƻƴ tǊƻŎŜŘǳǊŜ ǿƛǘƘ LƴŎǊŜŀǎƛƴƎ /ƻƴŘƛǘƛƻƴƛƴƎ 5ǳǊŀǘƛƻƴ όIѕҐм ƘƻǳǊΣ IіҐо ƘƻǳǊǎΣ IїҐмр 

ƘƻǳǊǎΣ IјҐмор ƘƻǳǊǎύ ŀǘ IƛƎƘ Power 

The figure illustrates the effect of extended conditioning time at the maximum applied power (140 W) on 

the activation of Constantan wire for AHE production. The left graph shows the electrical resistance ratio 

όwκwєύ ŀǎ ŀ ŦǳƴŎǘƛƻƴ ƻŦ ƛƴŎǊŜŀǎƛƴƎ ƭƻŀŘƛƴƎ Ŏȅcles, reflecting hydrogen or deuterium absorption relative to 

ǘƘŜ ƛƴƛǘƛŀƭ ǊŜǎƛǎǘŀƴŎŜ όwєύ ƳŜŀǎǳǊŜŘ ǳƴŘŜǊ ƘŜƭƛǳƳΦ ¢ƘŜ ǊƛƎƘǘ ƎǊŀǇƘ ǇǊŜǎŜƴǘǎ ŀ ŘƛǊŜŎǘ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ 

!ƴƻƳŀƭƻǳǎ IŜŀǘ 9ŦŦŜŎǘ ό!I9ύ ŀƴŘ wκwє ŀŎǊƻǎǎ ǎǳŎŎŜǎǎƛǾŜ ŎȅŎƭŜǎ ƛƴǾƻƭǾƛƴƎ ŀ ǇǊƻƎǊŜǎǎƛƻƴ ŦǊƻm low to high 
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power and then decremental steps (i.e., 0->140 W, waiting, then 130->120->...->10 W). By the fourth cycle 

όIіІпύΣ !I9 ǊŜŀŎƘŜŘ ƛǘǎ ƳŀȄƛƳǳƳ ǾŀƭǳŜǎΦ 

High-Temperature Vacuum Degassing and Recovery (Exemplary Results, Part 2) 

CƻƭƭƻǿƛƴƎ IіІпΣ ƘƛƎƘ-temperature vacuum degassing (at 730 °C for several hours) was performed to assess 

ƛǘǎ ŜŦŦŜŎǘ ƻƴ !I9Φ ²ƘŜƴ ŦǊŜǎƘ Iі ǿŀǎ ƛƴǘǊƻŘǳŎŜŘ ŀŦǘŜǊǿŀǊŘΣ ŀ ŘŜŎǊŜŀǎŜ ƛƴ !I9 ǿŀǎ ƻōǎŜǊǾŜŘΣ ǿƛǘƘ ǾŀƭǳŜǎ 

ƭƻǿŜǊ ǘƘŀƴ ǘƘƻǎŜ ŀŎƘƛŜǾŜŘ ƛƴ IіІп όCƛƎǳǊŜ мнύΦ ¢Ƙis reduction suggests that prolonged exposure to vacuum 

and high temperatures may have altered the Constantan's surface or bulk structure, impacting its capacity 

ǘƻ ǎǳǎǘŀƛƴ ƘƛƎƘ !I9Φ 9ȄǘŜƴŘŜŘ ŎƻƴŘƛǘƛƻƴƛƴƎ ǳƴŘŜǊ ƘƛƎƘ ǇƻǿŜǊ όŜȄǇŜǊƛƳŜƴǘ IіІсύ ŘƛŘ ƴƻǘ ǊŜǎǘƻǊŜ AHE to 

previous levels, indicating that some irreversible changes may have occurred. 

wŜǎƛǎǘŀƴŎŜ Ǌŀǘƛƻ όwκwєύ ƳŜŀǎǳǊŜƳŜƴǘǎ ŘǳǊƛƴƎ ǘƘŜǎŜ ǘŜǎǘǎ ǇǊƻǾƛŘŜŘ ŦǳǊǘƘŜǊ ƛƴǎƛƎƘǘΣ ǎƘƻǿƛƴƎ ŀƴ ƛƴƛǘƛŀƭ 

recovery of AHE upon re-exposure to hydrogen but an overall lower response than before. This result 

implies that while vacuum cycling can partially rejuvenŀǘŜ ǘƘŜ ǿƛǊŜΩǎ ŀŎǘƛǾŀǘƛƻƴ ǎǘŀǘŜΣ ǎǘǊǳŎǘǳǊŀƭ ŎƘŀƴƎŜǎ 

from continuous exposure may eventually diminish the material's effectiveness. In conclusion, when using 

vacuum procedures, careful optimization of both time and temperature is essential. 

 

CƛƎǳǊŜ мнΦ  !I9 ŀƴŘ wκwє .ŜƘŀǾƛƻǳǊ ǿƛǘƘ ±ŀŎǳǳƳ 5ŜƎŀǎǎƛƴƎ ŀƴŘ wŜŦƛƭƭƛƴƎ /ȅŎƭŜǎ. 

The figure examines the impact of high-temperature vacuum degassing on AHE and the resistance ratio 

όwκwєύ ƛƴ /ƻƴǎǘŀƴǘŀƴ ǿƛǊŜǎΦ ¢ƘŜ ŜȄǇŜǊƛƳŜƴǘǎ ǎƘƻǿƴ ƛƴŎƭǳŘŜ IіІм ŀƴŘ IіІп όŀǎ ǊŜŦŜǊŜƴŎŜ ǇƻƛƴǘǎύΣ ŀǎ ǿŜƭƭ 

ŀǎ IіІр ŀƴŘ IіІсΦ !ŦǘŜǊ ŎƻƳǇƭŜǘƛƴƎ IіІпΣ ǘƘŜ ǿƛǊŜǎ ǳƴderwent degassing at 730 °C under vacuum for 

ǎŜǾŜǊŀƭ ƘƻǳǊǎΣ ŦƻƭƭƻǿŜŘ ōȅ ǊŜŦƛƭƭƛƴƎ ǿƛǘƘ ŦǊŜǎƘ IіΦ ¢ƘŜ ƎǊŀǇƘǎ ŘŜǇƛŎǘ ǘƘŜ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ōŜƘŀǾƛƻǊ ƻŦ !I9 

ŀƴŘ wκwє ŘǳǊƛƴƎ ŜŀŎƘ ŎȅŎƭŜΦ 

bƻǘŀōƭȅΣ IіІр ŀƴŘ IіІс ǎƘƻǿŜŘ ƭƻǿŜǊ !I9 ƻǳǘǇǳǘǎ ŎƻƳǇŀǊŜŘ ǘƻ IіІпΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ŀǘ ƘƛƎƘŜǊ ƛƴǇǳǘ ǇƻǿŜǊΣ 

suggesting that extended vacuum degassing may negatively affect AHE performance. Even prolonged 

ŎƻƴŘƛǘƛƻƴƛƴƎ ƛƴ ŜȄǇŜǊƛƳŜƴǘ IіІс ǿŀǎ ƛƴŜŦŦŜŎǘƛǾŜΣ ǿƛǘƘ ǊŜǎǳƭǘǎ ŜǾŜƴ ƭƻǿŜǊ ǘƘŀƴ ǘƘƻǎŜ ƛƴ IіІрΦ ¢ƘŜ wκwє 

values, which track resistance changes normalized to initial helium-based measurements, indicate a 

partial recovery of activatƛƻƴ ōǳǘ ƴƻǘ ǘƻ ǘƘŜ ƳŀȄƛƳǳƳ !I9 ƭŜǾŜƭǎ ŀŎƘƛŜǾŜŘ ƛƴ IіІпΦ 

Isotopic Effects with Deuterium Substitution, dedicated experiment. (Exemplary Results, Part 3) 

CƻǊ ǘƘŜ ŦƛǊǎǘ ǘƛƳŜΣ ŀ ŘŜŘƛŎŀǘŜŘ ŜȄǇŜǊƛƳŜƴǘ ǊŜǾŜŀƭŜŘ ŎƻƴǎƛǎǘŜƴǘ !I9 ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ Iі ŀƴŘ 5і όCƛƎǳǊŜ 

13). Several previous tests (since 2012) produced contradictory results regarding hydrogen and deuterium 
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ƭƻŀŘƛƴƎΦ IƻǿŜǾŜǊΣ ǘƘŜ нлнн ŜȄǇŜǊƛƳŜƴǘǎ ǎƘƻǿŜŘ ǘƘŀǘ 5і ƎŜƴŜǊŀǘŜŘ ƘƛƎƘŜǊ !I9Σ ǊŜŀŎƘƛƴƎ ŀǇǇǊƻȄƛƳŀǘŜƭȅ 

20 W/g at operational temperatures of 500-600 °C. These findings suggest that deuterium has a stronger 

impact on AHE than hydrogen, likely due to increased formation of "superabundant vacancies" in the 

Constantan lattice. These vacancies, created under high hydrogen activity, enhance gas flux through the 

material and amplify heat effects. 

The observed isotopic effect aligns with theories on hydrogen isotopic behavior in LENR, indicating that 

ŘŜǳǘŜǊƛǳƳΩǎ ǳƴƛǉǳŜ ǇǊƻǇŜǊǘƛŜǎτsuch as its mass difference and bonding behaviorτmay play a significant 

ǊƻƭŜ ƛƴ ŜƴƘŀƴŎƛƴƎ !I9Φ wŜǇŜŀǘŜŘ ŎȅŎƭƛƴƎ ǿƛǘƘ 5і Ŧurther improved AHE, similar to previous hydrogen 

ŜȄǇŜǊƛƳŜƴǘǎΣ ǎǳƎƎŜǎǘƛƴƎ ŀ ϦƳŜƳƻǊȅ ŜŦŦŜŎǘϦ ǘƘŀǘ ƻǇǘƛƳƛȊŜǎ /ƻƴǎǘŀƴǘŀƴΩǎ ǊŜǎǇƻƴǎŜ ƻǾŜǊ ǘƛƳŜΦ 

The primary drawback of using deuterium for future practical applications is, in principle, its high cost, 

which is significantly greater than that of hydrogen. However, this limitation is less relevant in basic 

research studies, such as the present one. Considering the very low deuterium consumption and its up to 

80% higher efficiency, this limitation may not be prohibitive in future practical applications. 

 

Figure 13. LƳǇŀŎǘ ƻŦ {ǳōǎǘƛǘǳǘƛƴƎ Iі ǿƛǘƘ 5і ƻƴ !I9 tŜǊŦƻǊƳŀƴŎŜs. 

This figure illustrates the significant isotopic effect observed in a dedicated experiment comparing the 

ǎǳōǎǘƛǘǳǘƛƻƴ ƻŦ Iі ǿƛǘƘ 5іΦ CƻǳǊǘŜŜƴ ŎȅŎƭŜǎ ƻŦ ƘƛƎƘ-power, long-duration activation (each lasting at least 

10 hours at a maximum power of 145 W) were conducted to compare the AHE generated by each gas. 

¦ƴŘŜǊ ŘŜǳǘŜǊƛǳƳ ό5іΣ ŜȄǇŜǊƛƳŜƴǘ 5нІмнύΣ !I9 ŜȄŎŜŜŘŜŘ ф W, a marked improvement over the 5 W 

ǇǊƻŘǳŎŜŘ ǿƛǘƘ ƘȅŘǊƻƎŜƴ όIіΣ ŜȄǇŜǊƛƳŜƴǘ IнІпύ ƛƴ ǘƘŜ ǎŀƳŜ ǎŜǘǳǇΦ bƻǘŀōƭȅΣ ƴƻ ƳŜŀǎǳǊŀōƭŜ ƛƳǇǊƻǾŜƳŜƴǘǎ 

were observed between experiments D2#12 and D2#14. 

¢ƘŜ 5і ǘǊƛŀƭǎ ŦƻƭƭƻǿŜŘ Iі ŎƻƴŘƛǘƛƻƴƛƴƎΣ ǎǳƎƎŜǎǘƛƴƎ ŀ possible cumulative or "aging" effect that further 

enhanced AHE output. This positive trend supports the hypothesis of a stable "memory" effect in 

Constantan, whereby sustained high-power conditioning with deuterium progressively increases the 

material's capacity to produce AHE. 

Mechanism Insights: Super Abundant Vacancies and Electromigration 

A likely explanation for the observed effects involves Super Abundant Vacancies (SAV), which can form in 

transition metal alloys like Constantan under high hydrogen or deuterium activity. Created through 
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electromigration, especially under high-power pulsing, these vacancies allow for localized hydrogen 

enrichment, enhancing electron mobility and heat effects within the material. This theory, initially applied 

to Pd-based systems in the 1990s, aligns with the observed resistance changes and AHE activation 

thresholds in Constantan. 

Prolonged high-power treatment may induce SAV that facilitate hydrogen flux through the material, 

creating localized non-equilibrium conditions essential for AHE. This electromigration effect, coupled with 

repeated thermal cycling and specific isotopic effects, establishes a nuclear active environment (NAE) in 

the Constantan, enabling sustainable AHE. 

Conclusions and Future Directions 

The 2022 experiments confirmed that systematic conditioning, combined with high-power pulsing, can 

produce robust AHE in Constantan wires. The results suggest that gas flux, facilitated by hydrogen isotopes 

and surface treatments, is crucial for sustaining AHE. A dedicated experiment was conducted to clarify 

the isotopic effect, which had previously yielded contradictory results. The observed isotopic effect 

supports the potential for practical AHE applications, even using deuterium as a primary fuel. Despite its 

ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƘƛƎƘŜǊ ŎƻǎǘΣ ŘŜǳǘŜǊƛǳƳΩǎ ƭƻǿ ŎƻƴǎǳƳǇǘƛƻƴ ƳŀƪŜǎ ƛǘ ǾƛŀōƭŜ ŦƻǊ ǎǳŎƘ ŀǇǇƭƛŎŀǘƛƻƴǎΦ 

Future experiments will focus on optimizing pulsing techniques to maximize AHE while minimizing 

external energy input. Building on these findings, the next steps include exploring reactor configurations 

that utilize high-peak power pulses to sustain AHE. By fine-tuning operational parameters such as gas 

composition and conditioning cycles, we aim to develop a stable, cost-effective LENR system. Such 

advancements will enhance understanding of AHE potential in Constantan, paving the way for reliable 

cold fusion-based energy applications. 

For reference, Figure 14 shows the current, simplified experimental setup. 

 

Figure 14. Photograph of the Reactor with Safety and Thermal Enhancements. 
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This image showcases the reactor setup used in experiments, emphasizing the safety and thermal 

enhancements essential for high-temperature operations. The reactor is enclosed within a stainless steel 

(SS) safety net, which provides structural support and protects the surroundings from potential breakage. 

The inner core consists of a coaxial coil configuration with an inner and outer coil, where the Constantan 

wire is wound. Strategically placed K-ǘȅǇŜ ǘƘŜǊƳƻŎƻǳǇƭŜǎ ƻƴ ǘƘŜ ǊŜŀŎǘƻǊΩǎ ŜȄǘŜǊƴŀƭ ǿŀƭƭ ŜƴŀōƭŜ ǊŜŀƭ-time 

temperature monitoring. The external surface is wrapped with multiple layers of thermally conductive 

aluminum foil, coated with a high-emissivity black compound to emulate black-body emission. This design 

ensures accurate heat transfer readings and enables controlled internal temperatures up to 900 °C, while 

maintaining external temperatures around 380 °C when power exceeds 150 W. 

  

2023 Research Activity Report  

Impact of Electric Pulse Shapes on AHE Generation in High-Temperature, Surface-Modified Constantan 

Exposed to Hydrogen and Deuterium Gases. 

 

Introduction / Abstract. 

This report summarizes recent findings on the influence of electric pulse shapes on Anomalous Heat 

Effects (AHE) in high-ǘŜƳǇŜǊŀǘǳǊŜ ŜȄǇŜǊƛƳŜƴǘǎ ǳǎƛƴƎ /ƻƴǎǘŀƴǘŀƴ ǿƛǊŜǎ ŜȄǇƻǎŜŘ ǘƻ ƘȅŘǊƻƎŜƴ όIіύ ŀƴŘ 

ŘŜǳǘŜǊƛǳƳ ό5іύ ƎŀǎŜǎΦ {ŜǾŜǊŀƭ ǎƘƻǊǘ-term tests and detailed experiments were conducted to expand 

knowledge on LENR-AHE and their specific technological aspects. 

Our work in 2023, for the first time, examined aspects of LENR-AHE with future applications in mind, 

including engineering considerations. We analyzed the total energy required to produce the specific 

electrical excitation waveforms needed to induce AHE, starting from the main AC power source. 

¢ǊŀŘƛǘƛƻƴŀƭƭȅΣ Ŧǳǎƛƻƴ ǊŜǎŜŀǊŎƘ όōƻǘƘ Ƙƻǘ ŀƴŘ ŎƻƭŘύ Ƙŀǎ ŦƻŎǳǎŜŘ ƻƴƭȅ ƻƴ ǘƘŜ ŜƴŜǊƎȅ ǎǳǇǇƭƛŜŘ ŀǘ ǘƘŜ ǊŜŀŎǘƻǊΩǎ 

final input stage, along with any resulting energy gain. 

In addition to informal meetings, we presented three papers at: 

¶ ANV12 (Assisi Nel Vento #12), February 17-19, 2023, Terni, Italy. Uploaded on ResearchGate, DOI: 

10.13140/RG.2.2.12948.17284. 

¶ ICCF25 (International Conference on Cold Fusion #25), August 26-September 01, 2023, Szczecin, 

Poland. Uploaded on ResearchGate, DOI: 10.13140/RG.2.2.17658.26560/1. 

¶ JCF24 (Japan Cold Fusion #24), December 01-02, 2023, Tohoku University, Japan. Uploaded on 

ResearchGate, DOI: 10.13140/RG.2.2.30585.65121. 

Our pulsing approach, utilizing a custom, sophisticated pulser, builds on experiments dating back to 1994. 

Initially, we used palladium (Pd) and palladium-yttrium (Pd-Y) alloys, but limitations in electrolytic 

environments, such as the 100 °C temperature cap at 1 bar pressure, hampered progress. In the present 

experiments, focused on minimizing complexity, we revisited and simplified our earlier pulse 

methodologies. Constantan wires, capable of reaching up to 850 °C in a gas environment, allowed greater 

reproducibility and high-temperature operation, facilitating in-depth investigations into AHE. 
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Our streamlined setup integrates a 50 Hz power line with high-power, fast, low-drop diodes to generate 

rapid pulses and test various pulse shapes, including unipolar positive, negative, and bipolar waveforms. 

Power was adjusted using a conventional variac with galvanic isolation provided by an electrical 

transformer. Negative pulses proved most effective for inducing AHE, showing significant advantages over 

positive or bipolar alternatives. 

1. Explorative Tests. 

We conducted several unusual tests aimed at: 

¶ (a) using untreated wires to simplify the experimental process; 

¶ (b) minimizing energy losses when generating AC pulses by exploring different types of insulation 

transformers from the 50 Hz AC line; and 

¶ (c) experimenting with a high-peak power solid-state electronic dimmer as an alternative to the 

variac, providing efficient power modulation with reduced losses. 

2. Experimental Setup and Methodology. 

Our experiments also included untreated Constantan wires for internal comparison against our standard 

procedures. In two experiments, untreated wires were tested in an "inverse coaxial coil" reactor across 

28 cycles, from room temperature up to 800 °C, helping evaluate AHE without the complexity of surface 

pre-treatment. During these tests, Constaƴǘŀƴ ǿƛǊŜǎ ǿŜǊŜ ǇƭŀŎŜŘ ƛƴ ŜƴǾƛǊƻƴƳŜƴǘǎ ƻŦ ǇǳǊŜ IіΣ 5іΣ ŀƴŘ 

various gas mixtures. To stabilize the wire at high temperatures and reduce fusion risk, sub-micrometric 

Cu-Ni-Fe powders combined with Ca-Sr-Ba oxides were used as a surrounding medium rather than directly 

ŎƻŀǘƛƴƎ ǘƘŜ ǿƛǊŜΩǎ ǎǳǊŦŀŎŜΦ Lƴ ǘƘƛǎ ǎŜǘǳǇΣ ǘƘŜ ǳƴǘǊŜŀǘŜŘ ǿƛǊŜ ǿŀǎ ǎƛƳǇƭȅ ϦƛƳƳŜǊǎŜŘϦ ƛƴ ǘƘŜ ǇƻǿŘŜǊ ƳƛȄǘǳǊŜΦ 

 

Figure 15: Reactor Body Schematic 
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This schematic provides an overview of the high-temperature borosilicate glass reactor used in our AHE 

experiments. Key components are labeled as follows: 

1. Aluminium Reflecting Foil: Positioned around the reactor to prevent excessive heat loss. 

2. Heat-Insulating Carpet (Aeropan, Ca based): Layered for enhanced thermal insulation. 

3. Counter Electrode: Positioned to optimize electric field distribution within the reactor. 

4. Stainless Steel Shielded "Type K" External Thermocouple: Monitors the external reactor 

temperature to assess AHE. 

5. Aluminium Reflecting Foil and Thermal Insulating Carpet: Additional insulation on the external 

thermocouple (item 4). 

6. Borosilicate Glass: The reactor body (50 cm length, 40/33.6 mm external/internal diameter), 

designed for high-temperature and mild-pressure operation. 

7. Blackened Aluminium Foil: Applied to enhance heat absorption and control reflective properties 

on the outer glass surface. 

8. Internal Coil (Constantan): The active component for AHE studies, configured for pulsing with 

various gas mixtures. 

9. Aluminium Plate with Blackened Top Side: Used as a heat sink and reflective control within the 

setup. 

10. Stainless Steel Frame: Provides structural support for the reactor. 

11. Stainless Steel Covered "Type K" Internal Thermocouple: Tracks internal temperatures, aiding in 

power and temperature evaluations/comparisons. 

 

Figure 16. DC Current Experiments in Various Gas Mixtures and Positive Aging Effect. 
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¢Ƙƛǎ ƎǊŀǇƘ ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ɲ² ǾŀƭǳŜǎ όƛƴǇǳǘ ǇƻǿŜǊ ŘƛŦŦŜǊŜƴŎŜ ǊŜƭŀǘƛǾŜ ǘƻ ƘŜƭƛǳƳύ ŀƴŘ ƛƴǘŜǊƴŀƭ ǘŜƳǇŜǊŀǘǳǊŜ 

ǾŀǊƛŀǘƛƻƴǎ ŀŎǊƻǎǎ ŘƛŦŦŜǊŜƴǘ Ǝŀǎ ŎƻƴŘƛǘƛƻƴǎΥ ǇǳǊŜ ƘȅŘǊƻƎŜƴ όIіύ ƛƴ 9ȄǇŜǊƛƳŜƴǘǎ Ім ŀƴŘ ІпΣ ŀƴ !Ǌ-He (55:45) 

ƳƛȄǘǳǊŜΣ ŀƴŘ ŀƴ Iі-Ar (50:50) mixture. 

 Key observations: 

¶ tǳǊŜ Iі: AHE rises in Experiment #4 relative to #1, particularly above 500°C, indicating increased 

AHE after extended time aging. 

¶ Iі-Ar Mixture: Shows a sharp temperature rise, likely due to hydrogen absorption altering gas 

composition and thermal properties. 

¶ Ar-He Mixture: bŜƎŀǘƛǾŜ ɲ² ǾŀƭǳŜǎ ǎǳƎƎŜǎǘ ƘƛƎƘŜǊ ǊŀŘƛŀǘƛǾŜ ƭƻǎǎŜǎ ŎƻƳǇŀǊŜŘ ǘƻ IŜ ƻǊ Iі ŀƭƻƴŜΦ 

¶ Aging Effect: Repeated runs show, as found in precedent similar tests (even performed one year 

before), reconfirmation of ŜƴƘŀƴŎŜŘ !I9 όɲ² increases), suggesting conditioning effects in the 

Constantan wire over time. 

Calibration played a crucial role, as initial calibrations using helium (He) under DC conditions (negative 

polarity, 0.5 to 2 bar of pressure) served as a benchmark. Cross-calibrations with argon (Ar) and Ar-He 

mixtures highlighted the influence of thermal conductivity on reactor insulation and temperature control. 

As shown in Figure 1тΣ !I9 ǿŀǎ ƴƻǘŀōƭȅ ƘƛƎƘŜǊ ƛƴ ǎŜǘǳǇǎ ǳǎƛƴƎ ǳƴƛǇƻƭŀǊ ƴŜƎŀǘƛǾŜ ǇǳƭǎŜǎ ǿƛǘƘ IіΣ ǊŜǾŜŀƭƛƴƎ 

the combined effects of hydrogen loading and increased internal temperatures on AHE generation. 

 

Figure 17: Comparative AHE Analysis Across Pulse Types 

This figure compares AHE responses for different pulse shapes, at 50 Hz frequency, ǿƛǘƘ ɲ² ǾŀƭǳŜǎ ƛƴ ǊŜŘ-

orange and internal temperature trends in blue. 

 The analysis indicates: 
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¶ Unipolar Negative Pulses (UN): Show the highest AHE, significantly outperforming sinusoidal 

symmetric (SS) and unipolar positive (UP) pulses. 

¶ Enhanced Internal Temperatures: Higher temperatures with UN pulses correlate with increased 

AHE, especially with hydrogen-argon όIі!Ǌ) mixtures. 

¶ Optimized Heat Output: Highlighting UN pulses as the most effective waveform for maximizing 

AHE in Constantan. 

Results of isotopic effect D2τH2 during 50 Hz unipolar pulse conditions. 

In experiments using Ar-5і ƳƛȄǘǳǊŜǎ ǳƴŘŜǊ ǇǳƭǎŜŘ ŎƻƴŘƛǘƛƻƴǎΣ !I9 ǿŀǎ ƎŜƴŜǊŀƭƭȅ ƭƻǿŜǊ ŎƻƳǇŀǊŜŘ ǘƻ Iі-

Ar ƳƛȄǘǳǊŜǎΣ ǎǳƎƎŜǎǘƛƴƎ ŀ ǊŜǾŜǊǎŜ ƛǎƻǘƻǇƛŎ ŜŦŦŜŎǘ ǊŜƭŀǘƛǾŜ ǘƻ Iі ŜƴǾƛǊƻƴƳŜƴǘǎΦ Lƴ ŎƻƴǘǊŀǎǘΣ ǇǊŜǾƛƻǳǎ ǘŜǎǘǎ 

ǳƴŘŜǊ 5/ ŎƻƴŘƛǘƛƻƴǎ ǎƘƻǿŜŘ ǘƘŀǘ !I9 ǿŀǎ ƘƛƎƘŜǊ ǿƛǘƘ 5і-!Ǌ ǘƘŀƴ ǿƛǘƘ Iі-Ar. 

This discrepancy may be due to the higher mass of deuterium, which could impact its mobility under short 

(5 ms) pulse durations. 

 

Figure 18: Effect of Gas Mixtures and Power Waveforms on AHE 

¢Ƙƛǎ ŦƛƎǳǊŜ ǎƘƻǿŎŀǎŜǎ !I9 ǊŜǎǇƻƴǎŜǎ όɲ²ύ ƛƴ ŀǊƎƻƴ-hydrogen (Ar-Iіύ ŀƴŘ ŀǊƎƻƴ-deuterium (Ar-5іύ 

mixtures at 1 bar, with comparisons across waveform types: 

¶ AC Half-Wave Excitation: Consistently produces higher AHE compared to DC, emphasizing the 

impact of waveform modulation. 

¶ Gas Composition Influence: IƛƎƘŜǊ !I9 ƻōǎŜǊǾŜŘ ǿƛǘƘ Iі ŎƻƳǇŀǊŜŘ ǘƻ 5іΣ ǇƻǘŜƴǘƛŀƭƭȅ ŘǳŜ ǘƻ 

ƘȅŘǊƻƎŜƴΩǎ ƭƛƎƘǘŜǊ ŀǘƻƳƛŎ ǿŜƛƎƘǘ ŦŀŎƛƭƛǘŀǘƛƴƎ Ƴƻōƛƭƛǘȅ ǿƛǘƘƛƴ ǘƘŜ ǿƛǊŜ ƭŀǘǘƛŎŜ ǳƴŘŜǊ ǇǳƭǎŜŘ 

excitation (5ms). 

¶ Increased Reactivity with Ar-Iі: The mixture exhibits a pronounced response to pulsed 

conditions, revealing the dynamic impact of gas composition on AHE. 
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CƛƎǳǊŜ мфΥ  5Ŝǘŀƛƭǎ ƻŦ !I9 wŜǎǇƻƴǎŜ ǘƻ ±ŀǊƛƻǳǎ tǳƭǎŜ {ƘŀǇŜǎ ƛƴ !Ǌ5і aƛȄǘǳǊŜ 

¢Ƙƛǎ ŦƛƎǳǊŜ ǇǊƻǾƛŘŜǎ ŀ ŎƻƳǇŀǊŀǘƛǾŜ ŀƴŀƭȅǎƛǎ ƻŦ !I9 όɲ²ύ ǳƴŘŜǊ ŘƛŦŦŜǊŜƴǘ ǇǳƭǎŜ ƳƻŘŜǎ: Negative Half-Wave 

(UN1), Positive Half-Wave (UP1), Sinusoidal (SS1), and a  second test repeating Negative Half-Wave (UN2). 

 Key details include: 

¶ UN Pulses (UN1 and UN2): Consistently show higher AHE values, underscoring the importance of 

negative pulse shapes. 

¶ Effect of Prior Conditioning: The second UN2 experiment shows a slight reduction in AHE due to 

previous treatments, possibly from gas-phase interactions or material degradation. 

¶ Reproducibility: Similar AHE trends in repeated experiments highlight the reliability of negative 

pulsing under pulsed conditions. 

4. Untreated vs. Treated Constantan Wires.  

Experiments with untreated Constantan wires underscored the challenge of maintaining AHE stability 

without pre-treatment. Two experiments were conductedτone beginning on February 27, 2023, and the 

other on March 29, 2023τboth of which ended ǇǊŜƳŀǘǳǊŜƭȅ ŘǳŜ ǘƻ ǿƛǊŜ ŦŀƛƭǳǊŜǎ ǎƘƻǊǘƭȅ ŀŦǘŜǊ Iі 

exposure. The untreated wires exhibited lower AHE intensities and greater instability compared to treated 

wires. Although transient AHE spikes were observed when applying unipolar negative pulses (similar to 

behaviors shown in Fig. 17), these effects were short-lived, suggesting that pre-treatments are crucial for 

achieving consistent results. 

Treated wires, which received a protective coating through a nitrate-based water solution, demonstrated 

a more stable response to high-power pulses, underscoring the importance of surface modifications for 

sustained AHE. 

In conclusion, full wire conditioning, including sponge-like surface formation and multiple coatings with 

low work function (LWF) materials, appears necessary to achieve AHE in a reproducible manner. 

5.  Circuitry Improvements and Energy Loss Reduction. 
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The complexity of generating effective pulses has significant implications for energy efficiency in AHE 

research. Initial setups, including a Variac and laminated iron-core transformer, experienced high energy 

losses, which limited overall performance. To address this, a high-efficiency toroidal transformer (shown 

in Figure 20) was introduced, reducing power losses by nearly 50%. However, the most substantial 

improvement was achieved with a dimmer-based circuit, which further minimized losses and allowed for 

enhanced control over the unipolar pulse characteristics. This setup achieved substantially lower energy 

losses (5-7 W at 170 W input power) compared to previous methods. Full comparisons are presented in 

Figure 20. 

 

Figure 20. Comparative Energy Loss Analysis in several Reactor Configurations 

This figure compares energy losses across various power configurations at 170 W input: 

¶ (a) Conventional Variac with Laminated Iron Transformer: Highest values of losses (~75 W), 

including additional cooling requirements (fan, 12 W). 

¶ (b) Variac with Toroidal Transformer: Lower losses (35 W) with improved efficiency over 

traditional setups. Fan usually not needed. 

¶ (c) Power Dimmer Configuration: Minimizes losses to 5-т ²Σ ƛƭƭǳǎǘǊŀǘƛƴƎ ǘƘŜ ŘƛƳƳŜǊΩǎ ǎǳǇŜǊƛƻǊ 

efficiency and the impact of effective power modulation on AHE generation. 

6 Power dimmer approach 

The power dimmer allowed precise control over pulse generation, making it possible to fine-tune the 

stimulation of AHE. Initial tests under helium and argon-helium conditions did not produce AHE, but 

subsequent hydrogen introduction showed a reduction in wire resistivity (R/Ro), indicating hydrogen 

absorption.  
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Figure 21 highlights the efficiency of the dimmer-based setup in maintaining peak voltage modulation 

while minimizing dissipation, making it a promising approach for future AHE studies. 

 

Figure 21: Power Control Comparison Between Variac and Dimmer 

This figure compares the several power control approaches still now used in our experiments: 

¶ (a) Peak Voltage Reduction (Variac): Substantial dissipation in peak voltage adjustment. 

¶ (b) Phase Angle Control (Dimmer): Reduces dissipation significantly by controlling power phase, 

maintaining effective voltage without excess loss. 

¶ Impact on Unipolar Pulses: Both configurations utilize diodes to generate unipolar pulses, with 

the dimmer setup demonstrating an optimized AHE outcome due to reduced energy wastage. 

7. Conclusions and Future Directions Our study provides strong evidence that unipolar negative pulses 

are highly effective in generating AHE in high-temperature Constantan environments. However, the 

underlying mechanisms remain speculative, likely involving factors such as electromigration, thermal 

fatigue, and localized active gas densification. Future research will focus on integrating pulsed dielectric 

barrier discharges (DBD) with our current setups to explore deeper interactions that may further optimize 

AHE. 

A significant takeaway from this research is the potential role of hydrogen in creating a metastable state 

within the Constantan wire, essential for sustained AHE. Comparative analyses between treated and 

untreated wires indicate that pre-treatment enhanceǎ ǘƘŜ ǿƛǊŜΩǎ ŀōƛƭƛǘȅ ǘƻ ŀŎƘƛŜǾŜ !I9Φ ¢ƘŜ ŘŜǾŜƭƻǇƳŜƴǘ 

of a dimmer-based power control system represents a notable advancement in reducing energy loss, 

laying a foundation for future experimentation. 
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Moving forward, we aim to deepen our understanding of Super Abundant Vacancies (SAV) and the 

influence of gas mixtures on AHE performance. Planned experiments will also focus on optimizing wire 

surface treatments and exploring alternative core geometries to increase the Coefficient of Performance 

(CoP) for practical applications. As we continue to present our findings at conferences and workshops, 

ǘƘŜǎŜ ŜŦŦƻǊǘǎ ŀƭƛƎƴ ǿƛǘƘ ǘƘŜ ōǊƻŀŘŜǊ Ǝƻŀƭǎ ƻŦ ǘƘŜ ά/ƭŜŀƴIa9έ ƛƴƛǘƛŀǘƛǾŜ ǳƴŘŜǊ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴϥǎ 

Horizon 2020 research program, dedicated to advancing clean energy technologies through innovative 

research into low-energy nuclear reactions. 

 

2024 Research Activity Report  

Advanced Multi-Layered High-Temperature Support for AHE Generation Through High-Peak 

Power Pulsed Stimulation in Thin Wires ς Innovations in Transversal and Longitudinal Control 

Circuitry 

Introduction 

Since 2011, the INFN-LNF team has extensively explored Constantan (Cu55Ni44Mn1) for generating 

Anomalous Heat Effects (AHE) by ŘŜŎƻƳǇƻǎƛƴƎ ƳƻƭŜŎǳƭŀǊ ƘȅŘǊƻƎŜƴ όIіύ ƻǊ ŘŜǳǘŜǊƛǳƳ ό5іύ ƛƴǘƻ ŀǘƻƳƛŎ 

ŦƻǊƳǎ ǘƘŀǘ ƛƴǘŜǊŀŎǘ ǿƛǘƘƛƴ ǘƘŜ ŀƭƭƻȅΩǎ ƭŀǘǘƛŎŜΦ LƴǎǇƛǊŜŘ ōȅ ǘƘŜ мфуф b!{! ŜȄǇŜǊƛƳŜƴǘǎ ƭŜŘ ōȅ DǳǎǘŀǾ /ŀǊƭ 

Fralich, which demonstrated the potential of Cold Fusion to generate thermal output through atomic 

hydrogen, our research focuses on controlled energy inputs to stimulate hydrogen reactions in 

Constantan. This approach revisits foundational Cold Fusion principles, utilizing synchronized energy 

inputs to drive reactions within hydrogen-loaded metal lattices under both longitudinal and transversal 

excitation. 

Our experimental setup employs a 160 cm, 200 µm Constantan wire subjected to DC or pulsed longitudinal 

electromigration, combined with transversal excitation in a reversed coaxial configuration with an active 

outer electrode and inner counter-electrode (CE). Experimentally, we found that unipolar negative 

pulsing, half-wave excitation, and negative DC polarization yielded substantial AHE, peaking at 23 W under 

specific pulsed and dimmer settings. However, challenges such as localized melting at 1200 °C have led us 

to investigate materials with higher temperature tolerance. 

Additionally, our methodology is informed by the Dynamic States Hypothesis, developed in 1992, which 

suggests that Cold Fusion requires external energy input and an optimal hydrogen-to-material balance. 

This hypothesis underpins our protocols, as we control hydrogen introduction both at the surface and 

bulk levels, resembling an electrolytic cell configuration. With the global recognition of Cold Fusion as Low 

Energy Nuclear Reactions (LENR) in 2010, our research pivoted towards sustainable, cost-effective Ni-Cu 

ŀƭƭƻȅǎ ŎŀǇŀōƭŜ ƻŦ ƘȅŘǊƻƎŜƴ ŀōǎƻǊǇǘƛƻƴΣ ǊŜǎǳƭǘƛƴƎ ƛƴ /ƻƴǎǘŀƴǘŀƴΩǎ ŀŘƻǇǘƛƻƴ ŀǎ ŀ ǾƛŀōƭŜ ƳŀǘŜǊƛŀƭ ŦƻǊ ŜƴŀōƭƛƴƎ 

AHE. 

AHE Mechanisms and Circuitry Innovations 

AHE generation originates from longitudinal excitation (Fig. 22), where atomic hydrogen may interact with 

ƛƻƴƛȊŜŘ Iя ƛƻƴǎ ǿƛǘƘƛƴ /ƻƴǎǘŀƴǘŀƴΣ ƛƴŘǳŎƛƴƎ ǘƘŜ Cǳƪŀƛ-Staker effect and further amplified by high-peak 

power pulses. Transversal excitation, on the other hand, utilizes plasma discharges across Cu-Ni-Low Work 

Function (LWF) materials in Paschen or Dielectric Barrier Discharge (DBD) regimes. These discharges are 

ǎǳǎǘŀƛƴŜŘ ōȅ ŀǊƎƻƴ ƎŀǎΣ ǇǊƻƳƻǘƛƴƎ ǘƘŜ wƛŎƘŀǊŘǎƻƴ ŜŦŦŜŎǘ όŜƭŜŎǘǊƻƴ ŜƳƛǎǎƛƻƴύΦ !ŘŘƛǘƛƻƴŀƭƭȅΣ Iі-Ar gas 



CleanHME ς D3.2                                                                        Pag. 53 

mixtures in hybrid discharge regimes increase free electron availability, creating optimal conditions for 

AHE. 

 

Figure 22: Typical Voltage and Current Waveform at Main Electrode (ME) Under Pulsed Conditions 

This figure shows the typical voltage, current, and power waveforms at the main electrode (ME) at 80 W 

input power, with a repetition rate of 50 Hz under pulsed conditions. The measurements include: 

¶ Voltage (Red, 50 V/div): Displays stable pulse characteristics. 

¶ Current (Blue, 2 A/div): The current rise time (~1-мΦр ˃ǎύ ǊŜŦƭŜŎǘǎ ǘƘŜ ǊŜǎǇƻƴǎƛǾŜƴŜǎǎ ƻŦ ǘƘŜ ŎǳǎǘƻƳ 

high-frequency pulse transformer. 

¶ Power (Green, 400 W/div): Represents the real-time power injected into the Constantan wire, 

with data captured on a 100 MHz digital oscilloscope (FLUKE 196C). 

This waveform illustrates the high accuracy of V*I product measurements, which is essential for 

calculating AHE under these specific excitation conditions. 

Our custom-designed control circuitry manages high peak-power pulses between the main electrode (ME) 

and counter-electrode (CE), effectively preventing overheating-induced failures in Constantan wires. 

Additionally, tests with new materials for the ME, capable of withstanding temperatures up to 1500°C, 

ǇǊƻŘǳŎŜŘ ƭƻǿŜǊ !I9 ǘƘŀƴ /ƻƴǎǘŀƴǘŀƴΣ ǊŜƛƴŦƻǊŎƛƴƎ /ƻƴǎǘŀƴǘŀƴΩǎ ǳƴƛǉǳŜ ǎǳƛǘŀōƛƭƛǘȅ ŦƻǊ !I9 ŀǇǇƭƛŎŀǘƛƻƴǎΦ 

Through refinements in both circuitry and materials, our experiments demonstrate that hybrid 

excitationτcombining both longitudinal and transversal excitationτis essential for achieving significant 

AHE. The recent application of multi-layered submicrometric Cu-Ni and LWF materials further supports 

that longitudinal excitation alone is insufficient, while combined excitation in Constantan offers the 

highest potential for practical LENR applications. 

Recent Reactor Configuration Advancements 






























