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Preface

The LENR Research Documentation Initiative (LRDI) is underway to mitigate the risk of loss of
research records of long-standing LENR investigators. Its objectives are to collect, organize,
document, and archive these records. It is being performed at LENRGY, LLCI, Austin, Texas.
The LRDI is set up to assist researchers in making sure that their efforts are preserved and to
keep the records available for additional analysis and interpretation. It is described in a recent

article in Infinite Energy” as well as on a dedicated website’.

Dennis Letts became interested in LENR not long after the 1989 announcement. Although he
was involved in gold mining in Bolivia at the time, he familiarized himself with the field by
studying relevant technical papers while still living in mining camps. He began LENR
experiments in his home lab in 1992 with focus on radio frequency (RF) radiation as a trigger of
the phenomenon. He has continued experiments nearly continuously since then, working with
many other researchers and entities, including John Bockris, Peter Hagelstein, Dennis Cravens,
and National Instruments (James Truchard). Letts has named his LENR research organization

“LettsLab”. It is located in Austin, Texas.

A project has been initiated under the umbrella of the LRDI to document Mr. Letts’ research in
the LENR field. The Letts LENR Research Documentation Project (LLRDP) is based on the
information collected and on two sets of interviews of Letts. Volume 1 of the LLRDP draft
report provides information on Mr. Letts’ research record, LENR laboratory, interviews, research

phases, project methods and future project opportunities.

" LENRGY: LENR Energy — Pursuing the Benefits of Cold Fusion Realization. www.lenrgyllc.com.

2 Grimshaw, T., 2020. Documenting Cold Fusion Research: Preserving a Vital Asset for Humankind. Infinite
Energy, Issue 150, March/April 2020, p. 9-13.

> LENR Research Documentation Initiative: Collection, Organization, Description, Archiving of LENR Research
Records. www.lenr-documentation.org.
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This Volume 2 of the report contains copies of Mr. Letts’ 32 publicly-available LENR reports
and related materials. Table 1 lists the reports in chronological order. The list contains entries
from two sources — copies of reports provided by Mr. Letts and the results of a search for “Letts”

on Jed Rothwell’s LENR-CANR.org website. The copies of the papers are in three parts as

shown below.

Part  Papers
l1to7
8to 12
13 to 24
24 to 28
29 to 32
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The numbers of the papers correspond to the list in Table 1. Where a document has not yet been
found, a placeholder sheet is included.
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Table 1
Dennis Letts’ Publicly-Available LENR Publications and Related Works

Bockris, J., et al., 1993, Triggering of Heat and Sub-Surface Changes in Pd-D Systems. Fourth
International Conference on Cold Fusion (ICCF-4). Proceedings.

Letts, D., and D. Cravens, 2003. Laser Stimulation of Deuterated Palladium: Past and Present. Tenth
International Conference on Cold Fusion (ICCF-10). Proceedings.

Letts, D., and D. Cravens, 2003. Laser Stimulation of Deuterated Palladium: Past and Present. Tenth
International Conference on Cold Fusion (ICCF-10). PowerPoint Slides.

Cravens, D., and D. Letts, 2003. Practical Techniques in CF Research — Triggering Methods. Tenth
International Conference on Cold Fusion (ICCF-10). Proceedings.

Cravens, D., and D. Letts, 2003. Practical Techniques in CF Research — Triggering Methods. Tenth
International Conference on Cold Fusion (ICCF-10). PowerPoint Slides.

Kowalski, L. et al., 2004. Charged Particles from Ti and Pd Foils. Eleventh International Conference on
Condensed Matter Nuclear Science (ICCF-11). Proceedings.

Letts, D. and D. Cravens, 2004. Cathode Fabrication Methods to Reproduce the Letts-Cravens Effect. Fifth
Asti Workshop on Anomalies in Hydrogen/Deuterium Loaded Metals. Proceedings.

Letts, D. and D. Cravens, 2004. Cathode Fabrication Methods to Reproduce the Letts-Cravens Effect. Fifth
Asti Workshop on Anomalies in Hydrogen/Deuterium Loaded Metals. PowerPoint Slides.

Letts, D., D. Cravens, and P. Hagelstein, 2008. Thermal Changes in Palladium Deuteride Induced by Laser
Beat Frequencies. American Chemical Society, Low-Energy Nuclear Reactions Sourebook, Chapter 15,
pp. 337-352.

Letts, D., 2008. Stimulation of Optical Phonons in Deuterated Palladium. Draft Manuscript for Fourteenth
International Conference on Condensed Matter Nuclear Science (ICCF-14).

Letts, D., and P. Hagelstein, 2008. Stimulation of Optical Phonons in Deuterated Palladium. Fourteenth
International Conference on Condensed Matter Nuclear Science (ICCF-14). Proceedings.

Cravens, D., and D. Letts, 2008. The Enabling Criteria of Electrochemical Heat: beyond Reasonable
Doubt. Fourteenth International Conference on Condensed Matter Nuclear Science (ICCF-14).
Proceedings.

Letts, D., D. Cravens, and P. Hagelstein, 2009. Dual Laser Stimulation of Optical Phonons in Palladium
Deuteride. American Chemical Society, Low-Energy Nuclear Reactions and New Energy Technologies
Sourcebook, Volume 2, Chapter 5, pp. 81-93.

Letts, D., 2009, Listening to CMNS Experiments. Infinite Energy Magazine. Issue 86 (July/August).

Letts, D., 2009. A Scalable Research Reactor for CMNS Experiments. Infinite Energy Magazine, Issue 87
(September/October).

Letts, D., D. Cravens, and P. Hagelstein, 2009. Progress on Dual Laser Experiments. Fifteenth
International Conference on Cold Fusion (ICCF-15). PowerPoint Slides.

Hagelstein P., D. Letts, and D. Cravens, 2010. Terahertz Different Frequency Response of PdD in Two-
Laser Experiments. Journal of Condensed Matter Nuclear Science. Vol. 3, pp. 59-76.

Hagelstein P., and D. Letts, 2010. Analysis of Some Experimental Data from the Two-Laser Experiment.
Journal of Condensed Matter Nuclear Science, Vol. 3, pp. 77-92.

Chubb, S., and D. Letts, 2011. Magnetic Field Triggering of Excess Power in Deuterated Palladium.
Infinite Energy. Issue 95 (January/February).




20

21

22
23

24

25
26

27

28
29
30

31

32

N
\X’*“RG

Letts, D., 2011. Codeposition Methods: A Search for Enabling Factors. Journal of Condensed Matter
Nuclear Science. Vol. 4, pp. 81-92.

Letts, D., and P. Hagelstein, 2012. Empirical Models for Excess Power in Dual Laser Experiments.
Seventeenth International Conference on Cold Fusion (ICCF-17). Abstracts. p. 87.

Letts, D., 2012. Gibbs Function Applied to a Cold Fusion Experiment. Unpublished Manuscript. January.

Hagelstein, A., and D. Letts, 2014. Temperature Dependence of Excess Power into-Laser Experiments.
Journal of Condensed Matter Nuclear Science, Vol 13, pp. 165-176.

Letts, D., and P. Hagelstein, 2012. Modified Szpak Protocol for Excess Heat. Journal of Condensed Matter
Nuclear Science, Vol. 6, pp. 44-54.

Letts, D., 2013. A Method to Calculate Excess Power. Infinite Energy, Issue 112 (November/December).

Letts, D., 2015. Highly Reproducible LENR Experiments Using Dual Laser Stimulation. Current Science,
Vol. 108, No. 4, pp. 559-561.

Hagelstein, P., and D. Letts, 2014. Temperature Dependence of Excess Power in Two-Laser Experiments.
Journal of Condensed Matter Nuclear Science, Vol. 13, pp. 165-176.

Letts, D., 2014. Quantum Mechanics of LENR. Unpublished Manuscript. January.
Letts, D., 2015. Remembering John Bockris. Journal of Condensed Matter Nuclear Science, Vol. 16, p. 10.

Scholkmann, F., T. Mizuno, and D. Nagel, 2012. Diurnal Variations in LENR Experiments. (Contribution
to Paper by Letts). Journal of Condensed Matter Nuclear Science, Vol. 8, pp. 37-48.

Higgins, B., and D. Letts, 2018. Modeling & Simulation of a Gas Discharge LENR Prototype. Twenty-
First International Conference on Cold Fusion (ICCF-21). PowerPoint Slides.

Higgins, B., and D. Letts, 2018. Modeling & Simulation of a Gas Discharge LENR Prototype. Twenty-
First International Conference on Cold Fusion (ICCF-21). Proceedings.




Part 1, Papers 1 to 7.































































































































































































































































































































































































































Part 2, Papers 8 to 12.

















































































































































































































































































































































































































































































































































Part 3, Papers 13 to 21.


































































































































































































































































































































































































































Part 4, Papers 22 to 27.

















































































































































































































































Part 5, Papers 28 to 32.
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Figure 9. TEG modules along length of copper block

Only when it is found that this contraction of the model produces a circuit whose
response cannot match that of the experimental device should one consider expanding the
circuit into more of a 2-dimensional model. Try a simple circuit first - it is usually found
that even a simple circuit model can represent a great deal of complexity in the output
response.

Problems with matching the experimental and simulated responses are not always caused
by the simplification into a single path model - sometimes other phenomena are present.
High temperature difference and air flow convection and radiation mechanisms can
combine to make the resistance nonlinear — meaning that the resistance is smaller for a
large temperature difference than it is for a small temperature difference. The fix for this
problem is to use a single nonlinear resistance rather than trying to find topology changes
in the circuit. Note that the thermal resistance of a path within a metal is seldom
nonlinear over the temperature ranges likely to be modeled.

Try to maintain a direct 1:1 correspondence between your circuit and the physical
structure. Another tule of thumb is to start simple and add additional heat paths as
needed to achieve a match between the experimental response and the simulated
response.

4.1. THERMAL MODEL DYNAMICS

The dynamic response of the model is primarily due to heat storage in thermal
capacitances. The model of Figure 8 of the copper block did not include the thermal
capacitances that would have provided the dynamics of the heat flow. Generally, the
dynamic response is sensitive to the R-C product time constant, and much less sensitive
to the absolute accuracy of either R or C.

The simple model for the copper block would be an R-C as shown in Figure 10 (circuit at
the far left). However, the nature of the flow from the inner surface where the heat is
applied from the LT to the outer surface of the block, where the heat is extracted through
the TEG modules, is of a more distributed nature. Thus, an improved model comprises



breaking the R-C into multiple sub-sections - a more distributed R-C delay wherein the
total resistance and capacitance has not changed. Seldom is there an advantage to
breaking the circuit into more than 2 capacitances and 3 thermal resistances.

Improved Better
representation of representation of
Simple Model surface-to-surface surface-to-surface
time delay time delay

Resulting circuit
model

Figure 10: Dynamic thermal model for copper block

Consider that the heat source is represented by a constant current source (current being
the analogue of heat flow in watts).

4.2. MODELING THE CORE COPPER BLOCK

Holes for the heater elements in the block and for the thermocouples are ignored - the
absolute value of the thermal capacity is of less importance than the time constant of the
system, which will be extracted from experimental data. Figure 11 shows the
dimensions of the core copper block. Its volume is computed as 128.3 in® =2102.9 cm”.
Copper’s density is listed as 8.96 g/cm’ - the total weight of the copper block is ~18.8 kg.
In section 5.1.2, the thermal capacity of copper was found to be 0.385 J/(gram-°C); thus,
the thermal capacity for this copper block is 7254 J/°C. In the model for the copper
block, this will translate to a circuit capacitance of 7254 farads (but it is divided in the
distributed R-C modeling).
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Figure 11: Copper block dimensions for mass calculation

4.3. COPPER BLOCK WITH TEG MODULES AND FINNED HEAT‘S"INKSK

Heat from the Cu block is expected to largely pass through the TEG modules to the
finned Al heatsinks, and subsequently into the forced air flowing past the heatsinks
(prlmary path, see Figure 4). As heat flows through the TEG modules, the TEG voltage
is recorded as a proxy of the heat flowing through the module. There will be a small heat
leakage path from the Cu block directly to the ambient air that bypasses measurement by
the TEG. :

Figure 12 shows the simple model for the Cu block assembly WIth its Al heatsinks. C; is
the thermal capacitance calculated for the Cu block — it is partitioned into 2. Resistor R;
is partitioned into 3 pieces as part of the same dlS‘tI‘lbUth R-C delay network. The
primary heat conduction path is through thermal resistance, Ry, for parallel combination

Vseebock

LT haat at
outer shelf
(heat Is cumrent}

R3

Heat laakage Heat leakaga
To ambient To finned sink

Fariinag

Thermal
resistance
of finned sink

capacity

Amblent alr
emperalure
(Temp is Voltage)

Figure 12: Simple circuit model for Cu block, TEG, and heatsink Assembly

of the thermal resistances of all 20 TEG modules. The per-module resistance was stated
in section 2.5, Figure 4, to be 0.74 °C/watt. For 20 modules the thermal resistance is
reduced by a factor of 20, so R4 in the model would be (0.74/20) = 0.037 ohms (a very



small value!) The unknown for the TEG modules is the k; thermoelectric conversion
constant that will be determined by extraction so as to match test experimental data.

Thermal resistances R3 and RS represent the heat leakage flows from the Cu block to
ambient and to the Al heatsink respectively. R3 and R5 are unknown and will be difficult
to separately extract from the test data. Initially R5 will be ignored and all of the heat
leakage will be lumped into R3.

An important simplification is shown in Figure 13. Since the data acquisition records the
heatsink temperature, the model can be driven with a voltage source (temperature) to
constrain the circuit to have the experimental temperature for the heatsink. This will

LT resistive
heat in block

)
T

AL

LT heat at
outer shell
(heal is current)

R3

Heal leakage Heat leakage
To embient To finned slnk

Amblent alr
Temparalure
(Temp Is Voltage)

Measured
heatsink
temperature

Figure 13: Reduced circuit mode]

remove heatsink thermal behavior from the model - its state variable (its temperature) is
known/forced as a function of time. Once the R1, R3 (ignore RS for now), and £; are
determined, then R6 and C3 may be extracted by choosing values for them that cause the
measured heatsink temperature to reproduce the experimental value of Ty vs. time
without a source driving the heatsink node.

“Parameter extraction” is determination of the model circuit values by iterating the
unknown model circuit values to cause the simulated output(s) to match the measured
experimental output(s). A first estimate is made for the model element values and the
simulator is run with the known/measured values for the input waveform(s), and provides
simulated output waveform(s). The simulated output waveform(s) are compared to the
measured/experimental output waveforms, and the model element values are adjusted to
bring the simulated output(s) to closer to the measured waveform(s). This process is
repeated until sufficient agreement is reached (Figure 14). When agreement is reached,
the model parameter values are said to have been “extracted” — this is the objective.
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Figure 14: Model parameter extraction

Once the parameters have been extracted, the model is ready for use. Referring to

Figure 15, if the simulator is driven with known input waveforms (and 0 for XH), then
the simulated outputs will match the experimentally measured null experiment output
waveform(s). LE. the model will represent the known/expected response from the known
inputs.

Suppose a new experiment is run, this time with an unknown LENR XH being generated
sometime during the experiment. For this experiment, the model can take the
known/measured power inputs and provide the expected output corresponding to those
inputs if there is no XH. The modeled output may be used to extract the waveform for
excess heat (XH) - but it is not a simple problem. In general, this problem is a class of

. Simulated Output 1
* > | Adjust the XH waveform
— Model . Simulated Ouiput 2 until the simulated and
with (" measured output
—( : >—’ Known Sim. Outpur M| waveforms agree
- Element .
4 Values
|—@—> 0, ‘ 0, ’ s @
Measured/known Measured/known
Input waveforms Output waveforms

Figure 15: XH extraction

deconvolution, which is well known to be an "ill-conditioned problem." Tt is ill-
conditioned because of noise in the measured data. If the system comprises a delay
(typical), it will exhibit a lowpass response - the XH high frequencies will be attenuated



in the measured output and the signal-to-noise ratio (SNR) for the high frequencies of the
waveform will decline continuously as the frequency increases. At some frequency
within the unknown XH waveform, the response in the output data will just be noise.
Reconstruction of the high frequency components of the XH from the noisy output
waveform will, by virtue of the noise, become arbitrary. Thus, one must limit the
reconstruction of the XH (in extraction) to a component frequency range having real
supporting data (SNR) in the output waveform. The better the output can be measured
(lowest possible noise), the better the XH waveform can be extracted/reconstructed.

Because the system is likely to be nonlinear, deconvolution cannot be done by Fourier
techniques. Generally the solution requires iteration - take a guess at the XH waveform,
find the output[experimental — simulated] difference, and construct a better guess at the
XH utilizing the difference. Repeat this process until the simulation using the XH
waveform creates a simulated vs. experimental output difference of essentially zero.
With this process, the XH versus time waveform may be extracted.

Fortunately, an easier way to perform this extraction using the powm of the simulator
exists, and will be described below.

4.4. MODELING WITH THE SIMETRIX SPICE SIMULATOR

A description of how to use the SIMetrix SPICE simulator is deferred to its well
developed manuals. Figure 16 shows a model entered into the SIMetrix SPICE
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Figure 16: Step Response of Calorimeter

schematic editor. The circuit is easily entered with the graphical interface, and graphical
outputs are managed in another window (windows are un-dock-able). Any of the
currents/powers and voltages/temperatures may be probed after the simulation has
completed by selecting a probe type, and clicking on the desired branch/node in the

schematic.
Early on, an experimental run was created with a canonical step heat input waveform.

The step input excites the natural response of the system. A curious effect was noted in
the experimental data (see Figure 17). In this figure, the blue curve is the step heat input
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Figure 17: Step response of calorimeter at TEG output

into the calorimeter (non-ideal). The red curve is the heat proxy measured by the
calorimeter via the TEG voltage output (approximately calibrated to translate to power
measured). What is seen is that more than one time constant is present. The output
initially rises quickly, with approximately 40% of the heat registered in a very short time.
Following the initial rise, the remainder of the heat is registered in the output with a
longer time constant as expected (~119 minutes). ‘Close examination (see Figure 18
zoom) showed the faster time constant to be ~2.7 minutes — 44x faster! The initial rise is
so fast that it is poorly sampled by the 1 minute sample period of the data. While the
initial rise is fast compared to the main propagation of the heat through the block, it is
still slow compared to a “speed of sound”effect. As the model development progressed,
it became clear that this second propagation.

The plots were sent to the manufacturer of the TEG modules who suggested that perhaps
the response was due to nonlinearity in the power flow to voltage output conversion. A
university professor suggested that the response appeared to be a “non-Fourier” heat
transfer mode - poorly documented in the literature [3]. The existence of the 2™ mode, as
opposed to a nonlinear response was confirmed by excitation with a stair-step power in
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Figure 18: Anomalous fast rise




place of the single large step (see Figure 19). Each of the individual small steps showed
the dual time constant which would not have occurred if the response shape were due to
the TEG nonlinearity. While this anomalous, non-Fourier heat flow mode is interesting,
it is simply noted here that there is more than one heat propagation mode in the system.
The second propagation mode just adds additional complexity to the model.

Data from a calibration run having stepped electrical power applied to the resistive
heaters in the copper block (LT still present, but no discharge current supplied) was used
in model development. The resistive heaters were driven in a stair-step (DC) in power
steps of 20 watts from 0 — 200 watts (Figure 19).
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Figure 19: Stair-step excitation and experimental response

Figure 20 shows an early single propagation mode model for the calorimeter (after the
benefit of iterative parameter adjustment). On the left, 12 is the heat input versus time as
a PWL current source playing out the measured data for the input heater power. V1 is the
ambient temperature versus time; and V2 is the block’s heatsink temperature versus time
(being driven by the measured data). V3 is simply playing out the measured TEG output
voltage for graphing. -Around these sources is the model for the block and its TEGs. The
output voltage from the TEGs was found to be nonlinear, and a nonlinear transfer
function block (ARB1) was included in the TEG model. The small symbols labeled “IC”
stand for “Initial Condition”. These provide the simulator with starting conditions (t=0)
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Figure 20: First pass single heat flow mode model




for the state variable — in this case the temperature of the node. The IC is placed as a
component in the schematic, but it is actually a simulator directive.

Figure 21 shows the simulated TEG output voltage in response to the experimental input
power at I2 and compares it with the experimental TEG voltage supplied at V3 (for
convenient graphing only). The response shows a good match at the settled points for the
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Figure 21: Response of first pass single mode model

0-200 watt stepped input power.

However, one can see the difference in the step response dynamics between the single
mode simple model and the actual behavior of the real experimental copper block — the
experimental data rises much faster initially at each step due to the previously described
second mode.,

This fast early rise can be clearly seen in the zoom of one of the steps in Figure 22. To

14 /

s

..v

Experimental\/ /’//’/
e
/

/\Slmu\ated

=

-

-
=)
o

Simulated & Experimental Block TEG Voltage (V)

340 350 360 37 380 390 400
Time/kSacs 10kSect

Figure 22: Response of first pass single mode model (zoom)




achieve a good match between simulation and experiment, a second delay/propagation
mode must be included in the model.

Including a second propagation mode in the model began with a parallel R-C track in the
model for the copper block. Figure 23 shows a second schematic having the parallel R-C
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Figure 23: Second pass dual mode model

tracks. When Figure 23 was simulated, it clearly showed both the fast and the ordinary
modes. The amount of the input delivered into each mode was determined by the size of
R9/R7/R8 compared to R6/R1/R3. Adjustment of the values proceeded to provide a
better match of the output dynamics near the beginning of the steps, but it was found
there were not enough element values to change to provide a smooth transition from one
mode to the other as was actually seen in the experimental response.

While the dual R-C delay path model shown in Figure 23 provided a visualization of the
transition from a single-mode model to a dual-mode model, the topology did not provide
a good match for the dynamics of the steps. The Figure 23 circuit model was abandoned

Figure 24: Third pass heuristically derived model

match for the response at the expense of having lesser visualization of the presence of the
two modes. Figure 25 shows the good match between the experimental and the modeled
response to the stair-step power input. Note that the glitch in the stair-step input at ~139
ksec was a power failure that was recovered. Using the actual measured input data to
drive the model (using a PWL source) insures that this event is included in the input.
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Figure 26 is a zoom at a step in the power input, showing the match to the dual mode
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Up to this point, it was presumed that all of the input heat was going into the copper
block for simplicity. Only ~5% of the heat exits the calorimeter through the “Lid” — the
top cover of the calorimeter having its own TEG modules. The 4™ pass of the model
addresses the addition of the Lid.

To include the Lid in the model, circuitry was added to divide the incoming heat between
the block section and the Lid sub-model. A second output was created from the Lid TEG
module(s). Heat is delivered to the Lid by conduction from the bottom portion, radiation
from the LT top, and convection through the air in the Lid. Figure 27 shows the fourth
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Figure 27: Schematic of the fourth pass model including the Lid

pass model having elements to model both the block and Lid. The model for the block
section has been adjusted slightly to account for the heat coupled into the Lid. The TEG
modules were modeled the same for the Lid, but the thermal resistance was changed due
to fewer modules. Nonlinear resistances were used to model the heat flow in the air in
the Lid to better fit the experimental data.

Figure 28 shows the excellent fit of the simulation to the block TEG voltages in the
fourth pass model over the entire 200 watt stepped range.
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Figure 28: Fourth pass model block TEG response




5.  EXTRACTING THE EXCESS HEAT (XH) WAVEFORM

The goal of this modeling effort is to provide a means to extract, in a calibrated way, the
excess heat (XH) occurring within the Letts calorimeter. Once the model has been
extracted, determination of the XH waveform is a problem in deconvolution, as
mentioned in section 4.3. Fortunately a solution has been found to use the power of the
simulator to perform this deconvolution with no manual iteration. The technique also has
promise for single parameter extraction in model development.

Consider the hierarchical schematic in Figure 29. The extracted model for the LT and
calorimeter are packed into the “Seebeck SubModel” block with its inputs provided at the
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Figure 29: Feedback solution for XH

left and the outputs (block and Lid TEG voltages) on the right. The ARB1 block in the
figure simply combines (sums) the block and Lid TEG voltages and subtracts the sum of
the experimental block and Lid voltages — producing a difference at each instant in
simulation time of the simulated and experimental responses.

The high gain amplifier G1 (voltage in, current out) provides a negative feedback to the
heat input node (left side of the SubModel block), attempting to force the difference
between the simulated and experimental results to zero. If there is no difference between
the modeled and experimental heats (a null experiment), then G1 will supply no feedback
correction. If there is an excess heat, the experiment will have more output power than
the model, and G1 will supply (via negative feedback) the heat necessary to balance the

model output with the measured output. The XH waveform would be the feedback
current.

waveform generator) is placed in the model as an injected XH waveform in an otherwise
null experiment. If 11 is zero, no XH is detected in the feedback current. Figure 30
shows the feedback current XH extraction when the I1 waveform is a triangle wave of
mock XH power. While there is noise in the feedback waveform (expected), the
feedback does a good job of reconstructing the mock XH that was injected.

Note the lowpass filter between the ARB1 block and the G1 amplifier. This limits the
bandwidth of the feedback signal and hence the representation of the XH waveform. A
lower bandwidth of this lowpass section will reduce the noise, while increasing the
feedback gain at G1 increases the noise. For each system, a tradeoff will have to be made
between feedback gain at G1 which reduces the error in the waveform, and the lowpass



bandwidth that reduces the noise and the high frequency components of the extracted XH
waveform. Since this extraction used driving data from a null experiment, some of the
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Figure 30: Feedback extraction of mock XH waveform
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noise is quantization noise from the coarsely sampled measured data that is linearly
interpolated by the simulator. Sampling at a smaller period would reduce this noise.

As further verification, a null LT was created having a resistive heater in place of the
discharge in the tube. As a simulation experiment, the heat to this null LT heater was
driven with a stepped waveform and the model was tested in its ability to recover the heat
that had been applied — the results are shown in Figure 31. As can be seen, the input
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Figure 31: Simulation extracted null LT heater waveform

waveform comprised very high bandwidth steps, and aside from the ringing produced by
feedback around the lowpass response (common in deconvolution), the technique
faithfully recovers the resistive L'T heater waveform.



6.

ADDITIONAL MODELING CONSIDERATIONS

As modeling of actual experiments was attempted, a number of other factors affecting the
response were noted:

7.

It was discovered that the wires leading to the heater cartridges were not copper
for the full length up to the inserted cartridge — there was in one case up to 1
meter of nickel wire. Heat generated in the resistive loss of this wire was not
deposited into the copper block, but it was measured as part of the input heat.
This effect can be included in the model, but it would be better to make a
measurement of the heater voltage with 0-current wires tapped onto the hea
cartridge as it enters the copper block (a 4-wire connection).

Un-modeled heater lead wire resistance will lead to calibration scale 'é]nrrof:'

A heat storage effect was found inside the dlscharge tube (LT) 1tself While there
may only be 10 torr of gas inside the tube, it is heated to an effective temperature
of ~2500°C when the discharge current is turned ON. This' heatmg not only has a
rise time, but the heat is released when the discharge s turned OFF. This can be
modeled. .

There is a small heat removed when the gas is e_fl:'/ét‘cuated from the LT, If
evacuation occurs even minutes after the discharge is stopped, there is little heat
lost to the system in evacuation. However;'when the evacuated tube is re-loaded
with gas, Joule-Thomson gas expansmn ‘cooling will occur, removing heat from
the system. This can be modeled. -

Discharge current flowing when the gas pressure is less than about 2 torr in the
Letts LT geometry causes two problems The glow forms closer to the top of the
LT and disproportionally heats top and Lid of the calorimeter. Second, the
thermal conductmty of the gas declines and the center conductor of the LT can
get hot causing thermal conduction to the top of the LT. Thermal imaging during
discharge with the tube outside the calorimeter is a good diagnostic to determine
the safe operatmg region where heat will be deposited along the length of the LT.

EXPERiMENTAL VS, MODEL-EXTRACTED EXCESS HEAT

Letts experiment 780 is provided as an example of the difference between excess heat
(“Directly.extracted XP” in Figure 32) calculated using the simple differential calibration,
and the excess heat extracted using the mode! (“residual” in Figure 32). In the figure, the
siiﬁulaﬁdn extracted excess heat is labeled “residual” because it is that which remains in
the feedback power (current) when all known heat sources have been accounted — it is
presumed to be LENR heat. The experimental protocol is complex due to attempts to
find the triggers of the excess heat, and to quench the excess by substitution of light
hydrogen for deuterium.

With the aid of the model, simulation extracts of the true behavior of the excess heat flow
in this experiment, The extracted excess heat proves to be lower in magnitude than that
found from simple differential calibration. The excess power waveform (the residual)
shows fewer endothermic regions and of smaller magnitude. Many of these endothermic
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Figure 32: Experiment 780 excess heat

excursions are caused by evacuation and gas change in the LT during the experiment; the
Joule-Thomson thermodynamics of which are not entirely captured in the present model.
Notice that when excess power is present in the simulation extracted residual, the excess
power turns ON quickly, and is much flatter than what is found from the excess power
taken directly from the differential calibration. This is because the simulation de-embeds
the long thermal dynamics of the copper block in the calorimeter from the response
waveform. ‘

8. CONCLUSION

A technique is presented showing how electrical circuit analogues may be used to model
a complicated thermal system. The SPICE simulator may be used in transient simulation
mode to evaluate the modeled response. Use of the SIMetrix SPICE simulation
environment is convenient, easy to use, and free for simulation of small size problems.
The electrical circuit analogue technique for thermal modeling requires some effort to
extract a topology and component values to provide a good fit to the response of the
apparatus, but the resulting simulation is highly efficient — almost always requiring less
than 5 seconds of computation on an ordinary 2018 personal computer. During the
course of model development, substantial understanding of the measurement system and
its limitations will be developed that may be missed if only differential calibration is
utilized and new sources of possible error and inaccuracy may be overturned.
Additionally, opportunities for system improvement become obvious during the
modeling.

Model extraction using purpose run null experiments improves the quality and accuracy
of the extracted excess power (residual) compared to use of a single calibration run and
differential calibration for residual extraction. Essentially the modeling incorporates



information from the calibration runs which is all ultimately brought to bear in computing
the actual excess heat.

An interesting thermal propagation mode was found in the copper block — possibly a
rarely documented non-Fourier heat transfer mode. The TEG modules, as thermal flow
sensors, have a very fast response and are capable of detecting such fast thermal
propagation modes. It is noted that F. Piantelli implicates such a non-Fourier thermal
propagation mode in the stimulation of LENR in his nickel rod experiments [4, 5].
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