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CALIBRATION PROCEDURE FOR HT SEEBECK CALORIMETER

FIELD OF INVENTION
[0001] The present invention relates generally to calorimetry, and in particular to a calibration
procedure for a calorimeter used to measure excess heat generated in an exothermic reaction.

BACKGROUND

[0002] The phenomenon of excess heat generation has been observed when
hydrogen/deuterium reaches high loading in a variety of metals or alloys. This excess heat has
been attributed to exothermic reactions between occluded nuclei. In one theory, two deuterium
nuclei, when trapped in the small confinement inside the metal lattice, have a wide spread of
momentum based on the Heisenberg uncertainty principle. The combined probability of two
deuterium nuclei having requisite momenta to overcome the Coulomb barrier may become
statistically significant, triggering fusion reactions in the trapped deuterium gas. According to a
second theory, the two trapped deuterium nuclei overcome the Coulomb barrier by going
through a quantum tunnel to reach the lower energy state, i.e., to form a *He nucleus.
[0003] One type of exothermic reactions is the so-called Low Energy Nuclear Reactions. Many
LENR experiments have been replicated around the waorld, and numerous different conditions,
in which the generation of excess heat can be triggered at will and with control, have been
documented. However, the LENR are not well understood, and are a topic of significant ongoing
theoretical and practical research. A significant impediment to the systematic exploration of
such triggering mechanisms is the lack of a consistent, reliable, calibrated means for both
detecting and quantifying exothermic reactions.
[0004] The Background section of this document is provided to place embodiments of the

present invention in technological and operational context, to assist those of skill in the art in
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understanding their scope and utility. Approaches described in the Background section could be
pursued, but are not necessarily approaches that have been previously conceived or pursued.
Unless explicitly identified as such, no statement herein is admitted to be prior art merely by its

inclusion in the Background section.

SUMMARY
[0005] The following presents a simplified summary of the disclosure in order to provide a basic
understanding to those of skill in the art. This summary is not an extensive overview of the
disclosure and is not intended to identify key/critical elements of embodiments of the invention
or to delineate the scope of the invention. The sole purpose of this summary is to present some
concepts disclosed herein in a simplified form as a prelude to the more detailed description that
is presented later.
[0006] According to one or more embodiments described and claimed herein, a calorimeter
designed to measure the excess heat of an exothermic reaction is carefully calibrated across a
range of temperatures bracketing a desired operating temperature. The calorimeter block
comprises a metal block holding an exothermic reaction chamber, heating elements, and
thermocouples. The block is covered with thermoelectric generators (TEG) operative to output a
voltage in response to a temperature difference between a hot side facing the block and a cold
side facing away from the block. In some embodiments, heat sinks may cover the TEGs and/or
the calorimeter may be disposed in a refrigerated container, both to maintain the TEG cold sides
at a constant temperature. The block is heated to a temperature below the operating
temperature by adjusting the power applied to heating elements. Once the calorimeter stabilizes
at that temperature, as measured by the thermocouple outputs, the power applied to the heating
elements is adjusted to bring the block to a higher temperature. This process is repeated

throughout the range of temperatures bracketing the desired operating temperature. At regular
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intervals throughout the calibration procedure, such as every 60 seconds, at least the power
applied to the heating elements and the output voltage of the TEG’s are recorded. In some
embodiments, the temperature of heat sinks and the temperature in the refrigerated container
are also recorded. The data are plotted, and provide a baseline against which changes in the
TEG output voltage, caused by a temperature change in the calorimeter block other than a
change in the power applied to the heating elements, may be measured and attributed to an
exothermic reaction in the reaction chamber.

[0007] In another form of calibration procedure, the sensitivity of the calorimeter is ascertained.
For each of several target temperatures throughout the calibration range, the calorimeter block
is heated to the target temperature and allowed to stabilize. The power applied to the heating
elements is then increased a small incremental amount, such as 1 W, and changes in the TEG
output voltage are observed. After the calorimeter stabilizes, the power is decreased by the
incremental amount, and changes in the TEG output voltage are observed. This process is
repeated at a plurality of target temperatures. The incremental power amount may be adjusted,
to ascertain the smallest change in input power (without an exothermic reaction being triggered)
that causes an observable change in TEG output voltage.

[0008] One embodiment relates to a method of calibrating an exothermic reaction chamber
calorimeter. The calorimeter comprises a metal block holding an exothermic reaction chamber
in a first bore; a plurality of heating elements in a plurality of second bores; and a plurality of
thermocouples in a plurality of third bores. Substantially all of the surface of the metal block is
covered with thermoelectric generators (TEG) operative to output a voltage in response to a
temperature difference between a hot side facing the metal block and a cold side facing away
from the metal block. The TEGs are wired in series. With no power applied to the heating
elements, a temperature output by each thermocouple and voltage output by the TEGs are

recorded as zero-power data points. Power is applied to the heating elements in a sufficient
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amount to bring the input power to a first predetermined power level, which produces a reactor
temperature below a maximum desired operating temperature. The power applied to the heating
elements is maintained until the temperatures output by the thermocouples and the voltage
output by the TEG’s are stable for a first stabilization duration. The power applied to the heating
elements is increased by a first delta amount, and that power is maintained until the
temperatures output by the thermocouples and the voltage output by the TEG’s are stable for
the first stabilization duration. These steps are iteratively repeated until the heating elements
reach a predetermined maximum applied power, and the outputs of the thermocouples reach
thermal equilibrium. Throughout the calibration procedure, beginning with recording the zero-
power data points, at each expiration of a predetermined measurement duration, the power

applied to the heating elements and the voltage output by the TEG’s are recorded.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The present invention will now be described more fully hereinafter with reference to the
accompanying drawings, in which embodiments of the invention are shown. However, this
invention should not be construed as limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art. Like numbers refer to like elements
throughout.
[0010] Figure 1 is a functional sectional view of a calorimeter.
[0011] Figure 2 is flow chart of a method of calibrating a calorimeter.

[0012] Figure 3 is a flow chart of a method of sensitivity testing a calorimeter.
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DETAILED DESCRIPTION
[0013] For simplicity and illustrative purposes, the present invention is described by referring
mainly to an exemplary embodiment thereof. In the following description, numerous specific
details are set forth in order to provide a thorough understanding of the present invention.
However, it will be readily apparent to one of ordinary skill in the art that the present invention
may be practiced without limitation to these specific details. In this description, well- known
methods and structures have not been described in detail so as not to unnecessarily obscure
the present invention.
[0014] Figure 1 is a functional section diagram of some parts of a calorimeter 10 operative to
measure the excess power of an exothermic reaction, according to one or more embaodiments of
the present invention. The basis of the calorimeter 10 is a metal block 12, which may for
example comprise a copper block 12. A reaction chamber 68, in some experiments surrounded
by magnets 70, is disposed in a first bore 14 formed in the block 12. The block 12 is heated to a
relatively high temperature, such as 1502 - 300° C, by a plurality of heating elements 74, each
disposed in a second bore 16. The temperature of the block 12 is monitored by a plurality of
thermocouples 76, each disposed in a third bore 18. The thermocouples 76 are referred to
herein, for convenience, as outputting a temperature. As used herein, a thermocouple 76
outputting a voltage level, in combination with a conversion to a temperature indication, such as
by applying one or more sets of calibration data, falls within the scope of the thermocouple 76
outputting a temperature. A controller 100 receives input from the thermocouples 76, and the
heating elements 74, apply electrical power to the block 12 at a variety of power levels resulting
in a variety of block temperatures and voltage outputs from the TEG’s 20.
[0015] In some embodiments, a gas flow manifold 48 controls the pressure and flow of gasses

into and out of the reaction chamber 68, facilitating experimentation with various conditions and
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reaction triggering events. The controller 100 provides high voltage (e.g., 5 kVDC) to an anode
in the reaction chamber 68, and in some embodiments may superimpose an RF signal on the
voltage.

[0016] When an exothermic reaction is triggered in the reaction chamber 68, the excess heat is
conducted away by the block 12, raising the temperature of the block 12. This rise in
temperature is detected by a plurality of thermoelectric generators (TEG’s) 20, which surround
the block 12. The TEG’s generate a voltage proportional to the temperature difference between
a “hot side,” which faces the block 12, and a “cold side,” which faces away from the block 12.
Due to the high temperature of the block 12, in one embodiment heat sinks 30 are affixed to the
cold side of the TEGs 20 to help cool the cold side, to maintain a thermal differential. In some
embodiments, fans (not shown) direct convective cooling air over the fins of the heat sinks 30.
In some embodiments, the entire calorimeter 10 may be placed in a refrigerated container (not
shown).

[0017] The calorimeter 10 must be carefully calibrated to ascertain the relationship between
power applied to the heating elements 74 and the output voltage of the series-connected TEG’s
20. Only with this baseline-calibrated relationship, can the excess power of a reaction in the
reaction chamber 68 be ascertained, and positively attributed to an exothermic reaction. In
general, the calibration procedure comprises two procedures. First, the input power to output
voltage relationship is measured throughout a range of temperatures that bracket a desired, or
targeted, operating temperature. Second, the sensitivity of the calorimeter is ascertained by,
once stabilized at a target temperature, changing the power applied to the heating elements by
an incremental amount, such as 1 W, and measuring the change in output voltage of the TEG’s
20. The second calibration procedure may be repeated at a plurality of temperatures throughout

the calibrated range.
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[0018] Figure 2 depicts the first calibration procedure 100. A calorimeter 10 substantially similar
to that in Figure 1, and described above, is assumed. An exothermic reaction chamber 68 is
placed in the calorimeter 10, and TEG’s 20 and heat sinks 30 cover substantially the entire
metal block 12, including the optional lid. The calorimeter 10 is placed in a refrigerated container
and its temperature is allowed to stabilize at zero power input. The TEG 20 output voltage
should be at or near 0 V. The first calibration procedure begins by recording zero-power data
points — that is, the thermocouple 76 temperature outputs and TEG 20 output voltage are
recorded with no power being applied to the heating elements 74 (block 102).

[0019] Throughout the first calibration procedure, relevant parameters are recorded at regular
intervals — that is, each expiration of a predetermined measurement duration (block 104). In one
embodiment, the predetermined measurement duration is one minute. The primary parameters
to be recorded are the power applied to the heating elements 74, and the output voltage of the
TEG’s 20, which are related to the temperature difference of the metal block 12 and the heat
sinks 30. However, in one embodiment, all parameters are preferably recorded for later
analysis. These include, in the relevant experimental configurations, the outputs of each
thermocouple 76, the output of a temperature measuring device affixed to heat sinks 30 placed
over the cold sides of the TEGs 20, and the ambient temperature inside the refrigerated
container.

[0020] Sufficient power is then applied to the heating elements 74 to achieve a predetermined
input power and temperature level of the metal block 12, as measured by the thermocouples 76.
[0021] The power applied to the heating elements 78 is maintained at a constant level until the
outputs of the thermocouples 76 are stable for a first stabilization duration (block 108). In one
embodiment, the first stabilization duration is the time required for the thermocouple 76 outputs

to produce a flat plot with a maximum variation within the intrinsic error of the thermocouples,
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which is typically +/- 0.1C. In another embodiment, the first stabilization duration may be a
predetermined duration, such as 6-8 hours.

[0022] The power applied to the heating elements 74 is then increased by a first delta amount
(block 110). In one embodiment, the first delta amount is 30 W. The first delta amount increase
in power is split evenly among the heating elements 74 — i.e., if four heating elements 74 are
utilized, each would receive an increase of 7.5 W. This new power level is maintained for the
first stabilization duration (block 110).

[0023] This process — increasing the applied power by the first delta amount and maintaining
the new power for the first stabilization duration — is repeated iteratively. Accordingly, electrical
power applied to the block 12 will increase in a step-wise fashion. As stated above, all relevant
data are recorded at each expiration of a predetermined measurement duration, such as one
minute.

[0024] This process is continued until the power applied to the heating elements 74 reaches a
predetermined maximum applied power level. In one embodiment, the predetermined maximum
applied power level is 320 W. The range of temperatures recorded during the calibration should
include the minimum and maximum desired operating temperatures.

[0025] The first calibration procedure 100 thus produces a quantified relationship between
power input to the heating elements 74, and the voltage output of the TEG’s 20, as the input
power is increased in step-wise fashion by a known amount. Against this calibration data, a
small increase in power input is added to the system, producing a large increase in the
temperature of the calorimeter block 12 and in the voltage output of the TEG’s 20. This
triggering mechanism is typically less than 1 watt, representing less than 1% of total input
power. This triggering input power is also added to the total electrical input power but is of such
a low power level that any significant increase in reactor power output can confidently be

attributed to an exothermic reaction in the LENR reaction chamber.
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[0026] In one embodiment, the first calibration procedure 100 continues, recording data as
applied power is decreased. In one embodiment, the power is decreased at each step by a
second delta amount, which may be different from the first delta amount of power. In one
embodiment, the second delta amount is 15 W. After each decrease in applied power, the new
power input level is maintained for a second stabilization duration, which may be different than
the first stabilization duration. The second stabilization duration may be the time required for the
thermocouple 76 to produce a flat plot with a maximum variation within the intrinsic error of the
thermocouples, which is typically +/- 0.1C, or it may be a predetermined duration, such as 6-8
hours. The step-wise decrease in applied power is iteratively repeated until the temperature
output by least one of the thermocouples is at or below the first predetermined temperature.

e

7Y All relevant parameters continue to be recorded at each expiration of a predetermined

Oy
HRY

measurement duration, such as one minute. The relevant parameters include at least the power
applied to the heating elements 74 and the output voltage of the TEGs 20. In some
embodiments, relevant parameters to be recorded may additionally include the temperature
output by each thermocouple 76, the temperature of the heat sinks 30, and the ambient
temperature inside the refrigerated container. In one embodiment, throughout the first
calibration procedure 100, if the ambient temperature inside the refrigerated container deviates
by more than a predetermined ambient temperature deviation limit, the entire first calibration
procedure 100 is invalidated. In one embodiment, the predetermined ambient temperature
deviation limit is +/-0.2C.

[0028] Figure 3 depicts the second calibration procedure 200, also referred to herein as a
method of calorimeter sensitivity testing. The second calibration procedure 200 quantifies the
sensitivity of the calorimeter 10 to small changes in power applied to the heating elements 74.
The second calibration procedure 200 should preferably be performed at a plurality of different

sensitivity testing temperatures — for example, below, near or at, and above the desired
9



Client Ref. No.: IH-004

operating temperature. Figure 3 depicts one such iteration of the second calibration procedure
200.

[0029] The calorimeter 10 is brought to a first sensitivity testing temperature by applying power
to the heating elements 74 (block 202). The applied power is maintained for a stabilization
duration (block 204). In one embodiment, the stabilization duration is the time required for the
thermocouple 76 outputs to produce a flat plot with a maximum variation within the intrinsic error
of the thermocouples, which is typically +/- 0.1C. In another embodiment, the stabilization
duration may be a predetermined duration, such as 6-8 hours. At least the power applied to the
heating elements 74 and the output voltage of the TEGs 20 are recorded (block 206). In some
embodiments, the temperature output by each thermocouple 76, the temperature of the heat
sinks 30, and the ambient temperature inside the refrigerated container are additionally
recorded.

[0030] The power applied to the heating elements 74 is then increased by a predetermined
incremental amount (block 208). In one embodiment, the predetermined incremental amount is
1 W. This power is maintained until the temperatures output by the thermocouples 76 are stable
for the first stabilization duration (block 210). The relevant parameters — including at least the
power applied to the heating elements 76 and the output voltage of the TEGs 20 — are then
recorded (block 212). This will determine whether the calorimeter 10 is sensitive enough to
detect a change in the temperature of the calorimeter block 12 caused by an incremental
increase in the power applied to the heating elements 74.

[0031] In one embodiment, the second calibration procedure 200 continues by decreasing the
power applied to the heating elements 74 by the predetermined incremental amount. In one
embodiment, the predetermined incremental amount is 1 W. This new power level is maintained

until the temperatures output by the thermocouples 76 are stable for the stabilization duration.
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The relevant parameters — including at least the power applied to the heating elements 76 and
the output voltage of the TEGs 20 — are then recorded.

[0032] The second calibration procedure 200 may be repeated at second, third, etc. sensitivity
testing temperatures. For example, sensitivity testing temperatures below, at or near, and above
the desired operating temperature are good candidates, to validate the sensitivity of the
calorimeter 10 aver its entire range.

[0033] Embodiments of the present invention provide a means to calibrate a LENR reaction
chamber calorimeter 10, as well as quantify its sensitivity to incremental changes in power input.
Both the calibration procedure 100 and the sensitivity testing 200 provide data against which
data acquired during LENR experiments may be compared, to verify the presence of exothermic
reactions in the LENR reaction chamber.

[0034] The present invention may, of course, be carried out in other ways than those
specifically set forth herein without departing from essential characteristics of the invention. The
present embodiments are to be considered in all respects as illustrative and not restrictive, and
all changes coming within the meaning and equivalency range of the appended claims are

intended to be embraced therein.
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CLAIMS

What is claimed is:

1.

A method of calibrating an exothermic reaction chamber calorimeter, the calorimeter

comprising a metal block holding a reaction chamber in a first bore, a plurality of heating

elements in a plurality of second bores, and a plurality of thermocouples in a plurality of

third bores, thermoelectric generators (TEG’s) covering the surface of the metal block

operative to output a voltage in response to a temperature difference between a hot side

facing the metal block and a cold side facing away from the metal block, the TEGs wired

in series, the calibration method comprising:

with no power applied to the heating elements, recording a voltage output by the TEG’s
as zero-power data points;

iteratively increasing power applied to the heating elements by a first delta amount and
maintaining that power until the temperatures output by the thermocouples are
stable for a first stabilization duration, and the power applied to the heating
elements reaches a predetermined maximum applied power; and

throughout the calibration procedure, beginning with recording the zero-power data
points, at each expiration of a predetermined measurement duration, recording

the power applied to the heating elements and the voltage output by the TEGs.

The method of claim 1 further comprising, following the first stabilization duration for
which the temperature output by at least one thermocouple is at or above the second
predetermined temperature:

repeatedly decreasing the power applied to the heating elements by a second delta

amount and maintaining that power until the temperatures output by the
12
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thermocouples are stable for a second stabilization duration, until the
temperature output by least one of the thermocouples is at or below the first

predetermined temperature.

. The method of claim 1 wherein increasing the power applied to the heating elements by
a first incremental amount and decreasing the power applied to the heating elements by
a second incremental amount comprise increasing and decreasing the power applied to
each heating element by a proportional amount of the first and incremental amounts,

respectively.

. The method of claim 1 further comprising plotting the TEG output voltage against power

applied to the heating elements for each of a plurality of measurement durations.

. The method of claim 4 wherein plotting the TEG output voltage against power applied to

the heating elements comprises plotting the average of TEG output voltage against the
average of power applied to the heating elements, the averages calculated over some or

all of the first or second stabilization duration.

. The method of claim 1 wherein the first delta amount of power is 30 W.

. The method of claim 1 wherein the second delta amount of power is 15 W.

. The method of claim 1 wherein the predetermined measurement duration is 1 minute.

. The method of claim 1 wherein the predetermined maximum applied power is 320 W.

13
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16.

17.
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The method of claim 1 wherein the first stabilization duration is a duration sufficient to
observe a maximum variation of +/- 0.1C in temperature output by each thermocouple or

+/- 1% the total voltage output by the TEGs.

The method of claim 1 wherein the first stabilization duration is 6-8 hours.

The method of claim 1 wherein the second stabilization duration is 6-8 hours.

The method of claim 1 wherein the calorimeter further comprises heat sinks covering
substantially all of the cold sides of the TEGs, at least one heat sink having a
temperature measuring device attached thereto, and further comprising, at each
expiration of the predetermined measurement duration, recording the temperature of the

heat sinks.

The method of claim 1 wherein the calorimeter is disposed within a refrigerated
container having a temperature measuring device therein, and further comprising, at
each expiration of the predetermined measurement duration, recording the temperature

of the refrigerated container.

The method of claim 13 wherein, if over the course of the calibration method, the
temperature of the refrigerated container deviates by a predetermined ambient

temperature deviation limit, the calibration is invalidated.

The method of claim 14 wherein the predetermined ambient temperature deviation limit

is +/- 0.2C.

A method of testing the sensitivity of an exothermic reaction chamber calorimeter, the

calorimeter comprising a metal block holding an exothermic reaction chamber in a first

14
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bore, a plurality of heating elements in a plurality of second bores, and a plurality of

thermocouples in a plurality of third bores, substantially all of the surface of the metal

block being covered with thermoelectric generators (TEG) operative to output a voltage

in response to a temperature difference between a hot side facing the metal block and a

cold side facing away from the metal block, the TEG’s wired in series, the sensitivity

testing method comprising:

applying power to the heating elements to bring a temperature output by at least one of
the thermocouples to a first sensitivity testing temperature;

maintaining the power applied to the heating elements until the temperatures output by
the thermocouples are stable for a stabilization duration;

recording the power applied to the heating elements and a voltage output by the TEG's;

increasing the power applied to the heating elements by a predetermined incremental
amount;

maintaining the power applied to the heating elements until the temperatures output by
the thermocouples are stable for the stabilization duration;

recording the power applied to the heating elements and the voltage output by the

TEG’s.

The method of claim 17 further comprising:

decreasing the power applied to the heating elements by the predetermined incremental
amount;

maintaining the power applied to the heating elements until the temperatures output by
the thermocouples are stable for the stabilization duration;

recording the power applied to the heating elements, the temperature output by each

thermocouple, and the voltage output by the TEG's.
15
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The method of claim 17 wherein the first sensitivity testing temperature is below a

desired operating temperature.

The method of claim 19 further comprising repeating the method steps at a second

sensitivity testing temperature at or near the desired operating temperature.

The method of claim 20 further comprising repeating the method steps at a third

sensitivity testing temperature above the desired operating temperature.

The method of claim 17 wherein the stabilization duration is a duration sufficient to
produce a flat plot with a maximum variation within the intrinsic error of the
thermocouples, which is typically +/- 0.1C or to observe a maximum change of +/- 1% in

the total voltage output by the TEGs.

The method of ¢claim 1 wherein the stabilization duration is 6-8 hours.

The method of claim 17 wherein the predetermined incremental amount of power is 1 W.

The method of claim 17 further comprising recording, along with the power applied to the

heating elements and the voltage output by the TEG’s at each instance, the temperature

output by each thermocouple.

The method of claim 17 wherein the calorimeter further comprises heat sinks covering
substantially all of the cold sides of the TEG’s, at least one heat sink having a

temperature measuring device attached thereto, and further comprising recording, along

16
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with the power applied to the heating elements and the voltage output by the TEG's at

each instance, the temperature of the heat sinks.

27. The method of claim 17 wherein the calorimeter is disposed within a refrigerated
container having a temperature measuring device therein, and further comprising
recording, along with the power applied to the heating elements and the voltage output

by the TEG’s at each instance, the temperature of the refrigerated container.

17
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ABSTRACT

A calorimeter designed to measure the excess heat of an exothermic reaction is
calibrated across a range of temperatures. The calorimeter comprises a metal block holding a
reaction chamber, heating elements, and thermocouples. The block is covered with
thermoelectric generators (TEG’s) outputting a voltage in response to the block temperature.
The block is heated by applying power to the heating elements. Once the calorimeter stabilizes
at one temperature, as measured by the thermocouple outputs, the input power is increased to
raise the block to a higher temperature. This process is repeated throughout a range of
temperatures bracketing a desired operating temperature. At least the applied power and TEG
output voltage are recorded at regular intervals (e.g., 1 minute.). The data provide a baseline
against which deviations in the TEG output voltage, caused by an exothermic reaction in the
LENR reaction chamber, may be measured. Another procedure tests the sensitivity of the
calorimeter by measuring the temperature change caused by an incremental change in input

power, at several test temperatures.
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