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Experimental results from a stainless-steel LENR prototype reactor in a large thermal mass Seebeck
calorimeter are modeled to accurately simulate experimental results. The well-known SPICE simulator
is used for this work, where thermal properties of the apparatus are converted to lumped electrical
circuits for simulation. Lumped electrical analogues for thermal components allow well developed
electrical simulation technologies to quickly solve time domain thermal problems. Once the thermal
model for a system is extracted, the simulation is accurate enough to detect possible experimental errors
and inconsistencies. In addition, the unknown excess heat can be readily de-embedded from the
typically long time constant of the calorimeter, enabling better time alignment of the excess heat
response to the inputs that may have been the proximate cause for the effect.
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Outline
* The Letts reactor/calorimeter system

e Acommon problem in thermal measurements

* Simulation types
* Electrical analogues for thermal modeling

* 1-dimensional thermal circuit modeling

* The SPICE simulator
* Simulation of the Letts system (//&
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Letts gas discharge reactor & calorimeter

The system (described Monday) has a coaxial stainless steel
gas discharge tube (LT):

molybdenum rod dielectric seal
center conductor 3 -u
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LENR Tube (LT) inserted in copper block —
heat exits via Seebeck (TEG) modules on its sides:
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Reactor & calorimeter (cont)

For higher temperature, 4 cartridge heaters apply heat directly
to copper block:
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Cartridge heaters + LT discharge + LENR XP (if any) are primary
sources of heat in the system.

inserted in these holes
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Thermal response issue - simple case

XP is commonly computed as the difference between
measured output heat flow and input power:
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“Input power is a near-instant measurement,
‘but output heat flow measure is delayed by
long calorlmeter tlme constant

Invalid report for nearly 12 hours
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_ Thermal response -a “busy experlment

Interpretlng an actual experlment can be compllcated

' Modeling the
system can help

understand the
response.
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Excess Energy ~ 2750 KJ
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Modeling choices

* Solid model finite element thermal analy5|s -

For first level design, but will never model fine response
features

Behavioral modeling - mathematical

Measure impulse response and deconvolve. Painful due to the nonlinear
nature of the system. Hard to do “what ifs”.

* Equivalent circuit modeling usmg SPICE — =
e Simple to build & change model el
 Compatible with nonlinearities
e FEasy to incorporate measured data f |
* Rich feature set of SPICE simulators — graphics, e/ements variables
* Fast simulation — typically <5 seconds on a modern PC

a—
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Core thermal modelmg curcult analogues

Voltage (V) =3 Temperature (°C) O@ @ -

Charge (coulombs) =3 Heat (jOUlES)
Current (A) e Heat flow (watts) @ @1@

Heat .--:::
Source :‘

(Vz V) Volts it . o

i i Amp Hptarh Vi

. RV S (5__0_ V) Circuit voltage
W _. ,. : 'f?: c;tér:re;; i T Ce . 1@ " nodes (State

= W dEni = = t d Vvariables) become

¢ BEE i A temp. nodes (also
v I state variables)

Resistors may be & Kb (SV T o ;
nonlinear as needed | Easiat U I »
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More thermal c|rcu|t eIements

. VoItage node |n|t|aI|zat|on KM Temperature |n|t|aI|zat|on

“» Piece-Wise-Linear Source — text file driven source — supply
~ [time value] records, simulator interpolates between use
for heat source or temperature source (smk) = =

I:ICI 2']"."95 e e .
60 .0 37 .47 Ce e e :

|:-'.'.'If|h=_LT LH:IElnI-: E‘.-:p--:lat

120.0  27.98 pwifle P_Htrs_Expdat | T
180.0  27.97 12 T

‘' 240.0 28.02 L L .
300.0 27.96 ;. | el |

Put measured data in a file to drive the model:

measured heat flow/power input vs. time, or temperature VS. time.
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Circuit model for Letts calorimeter

Begin with the big copper block heat spreader:

Cu
ok
'
S

Volume = 2103 cm?3, mass = 18.8 kg
Thermal capacity for Cu = 0.385 J/g-°C
Thermal capacity of block = 7254 J/°C

| — 0og0
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Reduction to 1-D circuit

Consider the distributed resistance for the heat flow:

3llx3 le1 5!'
e Requiv

copper block
2-D thinking 1-D thinking

The distributed resistors end up in parallel ...
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INDUSTRIAL HEAT ICCE-21 ATt

3-8June, 2018 | Fort Collins, CO USA



ey YRR~

pro Bett

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

Resulting circuit
model

RCu RCu
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Modeling the Seebeck TEG “heat detector”

LTTERTTERTR T

-~ ww. —— Heatescapes to the
=l 1 environment via low thermal
— AEA — resistance Seebeck TEG modules
= N =
= | | o Heat flow °C
il il b4 i —
:Tr'||”||"||”||"|,||"|,||"||,||"||,||'k : ‘ s ,_%
Heat flow through | | | 5
Seebeck TEG modules Heat flow = electrical
tput
produces voltage o
i current controlled
output proportional (k) e Conone
to heat flow k= 0.023
i— 0ge
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LT resistive
heat in block
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Determining unknown model parameters

Iteratively adjust parameters to cause the simulated output to
match the measured output.

This is parameter “extraction”.

Model Simulated Output Adjust moc_:lel element
with » Vvalues until the
Unknown *> simulated and measured
Meas. Output  gutput waveforms agree
Element
Values
G)D
_Measuredlknown Kneasuredlknown
Input waveform(s) Output waveform(s)
| - ceniti
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Measure the system W|th canonlc mputs

'F|rst ch0|ce |s a step in power mput to a nuII reactor

/ Main time constant

20 [ |
~'TY mMinutes 70
10 60
0
1270 1320 1370 20 70
El

*+* SURPRISE ***  [JES=y

TWO heat propagation :- Zo / Initial time constant
modes are present ... [} [ —2 rhindes Sy

non-Fourier heat transfer! /i ' _. m - nnnnn R
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Simulating with SPICE ~ | use Simetrix

Slmetrlx Elements is a FREE SPICE sumulatlon enwronment

: ) Elements Main Wi

Schematic Editor |+ || Waveform Viewer |

File Edit View Simulator Plac Procbe Probe AC/Moi Hierarchy Monte Carle  Tools Help

-EBX > ".l("mO?lli ----- gaee /Z/PI A Is~+08xLKKIEELTRAK Z7#FNMK
File View D:\Users\Bob\My Documents\LENR\IndustrialHeat\LettsGasPh..._201708\Modeling\StepResponse\StepResponsetModel_02.wxsch |w|X||| tran3 (D:\UsersiBobiMy Documents' ENR \IndustrialHeat|L ettsGasPhasePr .. validation_201708Modeling\5tepResponse \stepResponseModel_02.wxsch) [w | X
S T W ] Probe2-NODE M 7] Probe1-NODE

> . Examples-81
Open Example Schematic..,

36 P

U Pdmary |
il guswmede 34 /m

2
28 /

. /a/-
=
24 /

22 /
2

Part Selector | Comman d Shell | File View |
Elements I
N s L 18
SIMEtI"IX/ﬂI'IIPIIS o e Non-Fourier - f

a =l "™a elements

16 i
. . 14
Advanced Power System Simulation
SIMetrix Technologies, Litd S 0 20 40 60 30 100 120
SIMPLIS Technologies, Inc. oot

Time/kSecs 20kSecs/div

Powere d by SIMetrix/SIMPLIS

5 Thermal simulation mode is TRANSIENT mode

* Simetrix simulator for Windows PC:  https: //www simetrix.co. uk/downloads/download php?flle elements
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Stairstep confirms dual mode heat transfer
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Fast rise exists on each of the stairsteps. This means that two modes are
present, not a TEG nonlinearity as suggested by the TEG mfgr.

INDUSTRIAL HEAT ICCE-

3-8 June, 2018 | Fort Collins, CO USA

Accm‘h’

science & gngineering - H iggins 18



Final extracted model
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With model, extract unknown XP waveform

With the model extracted, the only unknown in an active
experiment should be the XP waveform:

Unknown XP
waveform
. g Model Simulated Output  Adjust the XP waveform
L with > until the simulated and
= KNOWN Meas. Output ~ measured outputs agree
Element
0 Values
e @
_Measuredlknown Klleasuredlknown
Input waveform(s) Output waveform(s)

XP waveform extraction is deconvolution — an ill-conditioned
problem due to noise.
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Use feedback in simulation to find XP

Apply negative feedback to force simulated output to match
measured output:
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L In VOUT Blodk . R <

¢

/ "n.f_."-".m":-__..............13"‘-.-"1"-.-"...-;"-;"'3‘-.-"4......_.1&:

C oA
A

\_BlnckSink ARBA1

1 pwfile P H"!“—"-E“P-”V o v LidSink. WVOUT_Lid _ 1. ...

ﬁfﬁ@’[ T@'= z...au_r""'% o
| SN |

W | Ambient_EFxp.dat 4

~ Known — I””m_ Negative.

TestKF' .. experimental . . f . | peiiel Hestink Bpdst - pwifleV TEG I Bxpdst | | ﬁ . feedback
hEEt.SDU[EE . resistive he.a’[ . e R 4 .o I, . . . amuolifier.
e ST ) C o . P r”. e V_TEG_Blodk_Exp.dat . ) P )
o L pueT Lissine Bt Experimental ..Cf)“...........LDWPaﬁsfllter......
..___.(/_)”.................TEGunltagea Lo~ . . . . . .. .. .. . toreducenoise. . . . . .

ed XP (watts)
g
s
[v]
7~
Qo

| Rl MDA g

/ \ Inserted triangle waveform (mock

e % \// \\/ XP) is well recovered by the negative
feedback method
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Modeling tips

Model only what you don’t measure
(use PWL sources to set nodes where data was acquired)

Sample 10x faster than shortest time constant
Thermal capacitors & metallic conduction R’s are linear

Model convection/radiation heat flow with nonlinear R’s

True endothermic regions in XP are exceedingly rare
(usually an indication of inadequate modeling)

—— 0g0
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Modeling notes

* Modeling DID turn up error sources

— heater lead wire dissipation - heat was not deposited in the
calorimeter

* Found new sources of heat flow & storage

— Gas admitted to the evacuated LT caused Joule-Thompson
cooling, notable even at 10 torr

— Energy stored to heat the plasma was released when the
discharge was turned OFF

e i 0g0
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Sample modelmg results

- XP & XH from modeling vs. dlfferentlal curve flt callbratlon
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Conclusions

* Modeling increases understanding
* Modeling improves S/N in extracted XP

* XP waveform extraction helps identify
its stimulus

 Free SPICE simulators are valuable
thermal modeling tools

H o Sy
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Thank you for Ilstenmg |

Thls modelmg was sponsored by INDUSTRIAL HEAT as due dlllgence
= evaluatlon of the Letts experlments in progress But .

" The IH standard for official confirmation of any excess [

heat claims requires verification by a major =

independent lab with recognized, credible, and
skeptical researchers.

- Sllc/es fl/e and paper pre prmt are ava/lable at _
‘ https //goo.gl-_2q77ar e
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