




















radioactive emissions. The measurements and their analysis were performed once again by David
Bianchini, whose report and relevant results are available on demand. His conclusions are
quoted below:

“The measurements performed did not detect any significant differences in exposure and CPM
(Counts per Minute), with respect to instrument and ambient background, which may be imputed
to the operation of the E-Cat prototypes”.

Analysis of data obtained with the “dummy”

By “dummy” is meant here the same £E-Cat HT?2 used for the test described in Part 2, but provided
with an inner cylinder lacking both the steel caps and the powder charge. This “unloaded” device
was subject to measurements performed after the 116-hr trial run, and was kept running for about
six hours. Instrumentation and data analysis were the same as those used for the test of the active
E-Cat HT2. We prefer to present the data relevant to the dummy beforehand, since these data
made it possible to perform a sort of “calibration” of the E-Car HT2, as shall be pointed out
below.

The electrical power to the dummy was handled by the same contro! box, but without the ON/OFF
cycle of the resistor coils. Thus, the power applied to the dummy was continuous.

Power to the dummy’s resistor coils was stepped up gradually, waiting for the device to reach thermal
equilibrium at each step. In the final part of the test, the combined power to the dummy +
control box was around 910-920 W. Resistor coil power consumption was measured by placing the
instrument in single-phase directly on the coil input cables, and was found to be, on average, about
810 W. From this one derives that the power consumption of the control box was approximately =
110-120 W. At this power, the heat produced from the resistor coils alone determined an average
surface temperature (flange and “top” excluded) of almost 300 °C. very close to the average one
found in the same areas of the E-Car HT2 during the live test.

Various dots were applied to the dummy as well. A K-type thermocouple heat probe was placed
under one of the dots, to monitor temperature trends in a fixed point. The same probe had also
been used with the E-Cat HT?2 to double check the IR camera readings during the cooling phase.
The values measured by the heat probe were always higher than those indicated by the IR camera:
this difference, minimal in the case of the E-Cat HT2, was more noticeable in the dummy, where
temperature readings proved to be always higher by about 2 °C. The most likely reason for the
difference is to be sought in the fact that the probe, when covered with the dot securing it the surface,
could not dissipate any heat by convection, unlike the areas adjacent to it.

In order to evaluate the power emitted by the dummy by radiation and convection, we decided to
divide the image of the cylindrical body into 5 areas, to each of which, by means of dots, we assigned
an average emissivity of 0.80. Lastly, the analysis of images relevant to the “top” determined for
this area another value for €: 0.88.
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Fig. 13. Dummy measurement set-up. Center: laptop display showing the thermal image of the
dummy divided into 5 areas, and the dark shadow of the thermocouple, with probe point located
under a dot. Lefi: thermocouple LCD display, indicating a temperature of 244.5 °C. This is
relevant to the same area which the IR camera reading of 242.7 °C, visible on the laptop display,
refers to. Lower thermal exchange between the probe and the environment is the most likely cause
for the difference.

For each of the five areas, energy emitted by radiation was calculated. Once again,
Stefan-Boltzmann’s formula multiplied by the area taken into consideration was used, as in Part 1,
equation (5). Power emitted by convection was calculated by equations (9) and (10). The equations
are repeated below for clarity’s sake, followed by a table summarizing the results.

E=¢eoAT' [W] (5)
Q = hA (T-Tp) = hAAT [W] 9)
h=C" (T-T)" D™ (10)

5

Areapummy = 2nRL = 989.6 - 10™* [m’]
Arear,, =TR? = 63.61 - 10 [m’]

Note that coefficients C" and » of (10) have the same value calculated for the December test, namely
C"=1.32, and n=0.25, whereas the diameter D is now =9 cm.

Moreover, by Areap.mmy the cylindrical body of the device is meant, without flange or “top”.

Lastly, the contributing factor due to ambient temperature, termed “E _room” in (7) above, has
already been subtracted from the power values associated with each area. This was calculated
assuming an ambient temperature value of 14.8 °C.

E_room = (5.67 - 10°%) (288)* (0.80) (198 - 10*) = 6.18 [W]
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Areal Area 2 Area 3 Area 4 Areas Sum
E (W) 849 112 109 102 49.3 457.2
Q (W) 53.7 63 62.6 59.9 38.3
W Total 138.6 |175 171.6 161.9 87.6 734.7

Table 6. Power emitted by radiation (E) and convection (Q) for each of the five areas. The value
of E_room, about 6.18 W, has already been subtracted from power E in the relevant area.

By means of the second thermal imagery camera, it was possible to monitor the temperature of the
“top”, which was almost stable at 225 °C. We were thus able to compute the contributing factor to
the total radiating energy associated with this part of the dummy: a value of E-E_room =17 W.
As for the flange, it was not possible to evaluate its temperature with sufficient reliability, despite
the fact that it was partially framed by both IR cameras. A careful analysis of the relevant thermal
imagery revealed how part of the heat emitted from the flange was actually reflected heat coming
from the body of the dummy. In fact, the position of the flange is such that one of its sides
constantly receives radiative heat emitted by the body of the cylinder: if we were to attribute the
recorded temperature to the flange, we would risk overestimating the total radiative power.
Conservation of energy was used to evaluate the contributing factor of the flange, and of all other
not previously accounted factors, to the total energy of the dummy. Thus, we get:

810 [W] — (735 + 17) [W] = 58 [W] (22)

This last value is the sum of the contributive factors relevant to all unknown values, namely: flange
convection and radiation, “top” convection (NB convection only), losses through conduction, and
the margin of error associated with our evaluation.
Since the temperatures reached by the dummy and by the E-Cat FT2 during their operation were
seen to be quite similar, this value will also be used to calculate the power relevant to the E-Cat
HT2, where it will be attributed the same meaning.

Analysis of data obtained with the E-Cat HT2

The E-Cat HT2 was started approximately at 3:00 p.m. on March 18. The initial power input was
about 120 W, gradually stepping up in the course of the following two hours, until a value
suitable for triggering the self-sustaining mode was reached. From then onwards, and for the
following 114 hours, input power was no longer manually adjusted, and the ON/OFF cycles of
the resistor coils followed one another at almost constant time intervals. During the coil ON states,
the instantaneous power absorbed by the £-Car HT?2 and the control box together was visible on
the PCE-830 LCD display. This value, with some fluctuations in time, remained in any case
within a range of 910-930 W. By checking the video image relevant to the PCE-830 LCD
display, we were also able to estimate the length of the ON/OFF intervals: with reference to the
entire duration of the test, the resistor coils were on for about 35% of the time, and off for the
remaining 65%.

As in the case of the dummy, in order to determine the average temperatures for the E-Cat HT2
we opted to divide its thermal images into five areas, plus another one for the “top”. An analysis
of various time segments (about five hours each), taken in the course of each day of the test,
revealed that the behavior of the device remained more or less constant, and became quite stable
especially from the third day onwards. Using the same procedure as before, we obtained an average
temperature for each of the five areas, thereafter resorting to equations (5), (9), and (10) in
order to calculate power emitted by radiation and convection. respectively.
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Fig. 14. 5-area division of the E-Cat HT2 image. The flange does not appear in the image because
the display range chosen for the IR camera does not account for objects colder than 150°C.

Emissivity values for each area were adjusted in each IR camera video sample thanks to the
continuing presence of dots: according to position and time, the found values for ¢ fluctuated
between a low of 0.76 and a high of 0.80. Areas subject to the most intense heat were seen to
have slightly higher emissivity with respect to peripheral ones, and all showed a slight upward
trend as the test progressed, probably because of a change in the properties of the paint.

In order to account for a certain degree of arbitrariness inherent in this method of evaluation, it
was decided to assign a reference temperature to the various areas into which the E-Cat HT2
had been divided. This was obtained by assigning to all areas the most frequently found value for ¢
and associating a percentage error to it. This error is the result of the difference between two
extreme values, namely the temperature obtained by assigning to all areas the lowest level of
emissivity ever found in any one of them (= 0.76), and the temperature obtained assigning to all
areas the highest value for € ever found (= 0.80). Tables 7 and 8 summarize the results: the first
refers to the average of temperatures in each of the five areas for different values of €, whereas the
second gives the average values of power emitted by radiation (£) and convection (Q) for
different values of g, while taking into account the sum performed on the five areas.

€ T1(°C) | T2(°C) T3(C) | T4(°C) | T5(C) | Average |
Averagee | 261.0 319.4 326.0 318.3 286.9 302.3
0.76 261.0 328.4 335.2 327.3 286.9 307.7
0.80 254.0 319.4 326.0 318.4 279.2 299.4

Table 7. Average temperatures relevant to the divisions into five areas of the E-Cat HT23s
cylindrical body, calculated according to average values of emissivity (first row), absolute minimal
values (second row), and absolute maximum values (third row), collated by taking into
consideration all the areas and all the analyzed time intervals. The last column gives the averages of
the previous values for each of the five areas.

E E (W) QW) E(W) + Q(W)
Average ¢ 459.8 281.5 741.3
0.76 463.8 288.2 752.0
0.80 458.6 2717.9 736.6

Table 8. Emitted power values by radiation (E) and by convection (Q) for different values of €.
The numbers are computed from the power average of all five areas, minus the E_room
component arising from the contributing factor of ambient temperature.
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The error associable to the average value of emitted power may be got by taking into account the
difference between what is obtained by attributing to each area the highest possible and the
lowest possible value for €. Thus:

(752.0-736.6)/741.3 = 2% 23)

As may be inferred from the last value above, the uncertainty regarding emissivity does not weigh
much upon the results, and should therefore be considered a parameter of lesser critical import
than what was originally estimated.

The average temperature relevant to the “top”, as well as its average emissivity, turned out to be
extremely constant over time, with values of 224.8 °C and 0.88, respectively. We can therefore
associate them with a value of irradiated power £-E_room =17 [W].

At this point, all the contributing factors relevant to the thermal power of the E-Cat HT2 are
available, i.e. the power emitted by the cylindrical body through radiation and convection, the
power emitted by radiation by the “top”, and the set of missing factors (conduction, “top”
convection, flange radiation and convection). It is now possible to obtain a complete
estimate:

Emitted Powerp.ca pr = (T41.3 + 17 + 58) [W] = (816.3% 2%) [W] = (816£16) [W] 4)

Ragone Chart

Upon completion of the test, the E-Cat HT2 was opened, and the innermost cylinder, sealed by
caps and containing the powder charges, was extracted. It was then weighed (1537.6 g) and
subsequently cut open in the middle on a lathe. Before removal of the powder charges, the
cylinder was weighed once again (1522.9 g), to compensate for the steel machine shavings
lost. Lastly, the inner powders were extracted by the manufacturer (in separate premises we did
not have access to), and the empty cylinder was weighed once again (1522.6 g). The weight that
may be assigned to the powder charges is therefore on the order of 0.3 g; here it shall be
conservatively assumed to have value of 1 g, in order to take into account any possible source of
error linked to the measurement.

According to the data available from the PCE-830 analyzer, the overall power consumption of
the E-Cat HT2 and the control box combined was 37.58 kWh. The associated
instantaneous power varied between 910 and 930 W during the test, so it may be averaged at
920+10 W. In order to determine the power consumption of the E-Cat HT2 alone, one must
subtract from this value the contributive factor of the control box power consumption. As it was
not possible to measure the latter while the test on the E-Car HT2 was in progress, one may refer
to the power consumption of the box measured during the dummy test. This value would in all
likelihood be higher in the case of operative E-Cat HT2, due to the electronic circuits
controlling the self--sustaining mode: so, as usual, we shall adopt the more conservative
parameter.

If one assumes that the control box absorbed about 110 W, we can associate the E-Cat HT2 with
a consumption of:

Instantaneous Power Consumptiong. cq 2 = (920 —110) [W ]= 810 [W] (25)
Keeping in mind the fact that this consumption was not constant over time, but may be
referred just to 35% of the total test hours, one may calculate the effective power
consumption of the device as:

Effective Power Consumption: cq nyr2 = (810/100) - 35=283.5 [W] (26)
Let us further assume an error of 10%, in order to include any possible unknown source.
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Errors of this extent are commonly accepted in calorimetric measurements, and in our case
they would comprise various sources of uncertainty: those relevant to the consumption
measurements of the E-Cat HT2 and the control box, those inherent in the limited range of
frequencies upon which the IR cameras operate, and those linked to the calculation of average
temperatures.

The energy produced by the E-Cat HT2 during the 116 hours of the test is then:

Produced Energyy:.ca nr: = (816-283.5) - 116 = (6.2 +0.6) - 104 [Wh] 27
From (27) one may gather the parameters necessary to evaluate the position held by the £-Cat
HT?2 with respects to the Ragone Plot, where specific energy is represented as a function on a
logarithmic scale of the specific power of the various energy storage technologies [see Ref. 8].
For power density we have:

(816-283.5)/0.001 = 532500 [W/kg] ~ 5 - 10° [W/kg] (28)
Thermal energy density is obtained by multiplying (28) by the number of test hours:
532500116 = (6.2 0.6) - 10" [Wh/kg] ~ 6 - 10" [Wh/kg] (29)
It is easy to infer from the Ragone chart, another example of which may be seen below in fig. 15

below, that these values place the E-Car HT2 at about three orders of magnitude beyond any
other conventional chemical energy source.
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Fig. 13. Another version of the Ragone Plot of Energy Storage [Ref. 8]. In this plot, specific
volumetric and gravimetric energy densities are presented for various sources. The
E-CatHT2, out of scale here, lies outside the region occupied by conventional chemical
sources.

As it was not possible to inspect the inside of the control box, let us now repeat the last
calculations supposing, as a precautionary measure, that all power consumption were to be
assigned to the E-Cat HT?2.
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According to this logic, and assigning to the E-Cat HT2 the maximum value of error given by
(24), namely (816 - 16)W = 800 W, one gets:

Conservative Power Consumptiong cq 2 = (920/100) - 35 = (322 £ 32) [W] 30)
whereas (28) and (29) become:

(800-322)/0.001 = (4.7 0.5 ) - 10° [W/kg] (€3]
478000 -116 = (5.5 + 0.6) - 10’ [Wh/kg] (32)

The results thus obtained are still amply sufficient to rule out the possibility that the £-Cat HT2
is a conventional source of energy.

Let us associate to this last value of conservative power consumption the worst-case scenario:
(322 +32) [W] =354 [W] (33)
Then the values of power density and energy density would then be:

(800-354)/0.001 = (4.4 + 0.4) - 10° [W/kg] (34)
446000 <116 = (5.1 +0.5) - 10’ [Wh/kg] (35)

Obviously, not even in this case do we have any substantial change as far as the position
occupied by the E-Cat HT?2 in the Ragone plot is concerned.

For a further confirmation of the fact that the E-Cat HT2’s performance lies outside the
known region of chemical energy densities, one can also calculate the volumetric energy density
of the reactor, by referring to the whole volume occupied by the internal cylinder, namely 1.5° ¢
33 =233 cm’ = 0.233 L. This is the most conservative and “blind” approach possible.

Taking the figures from the worst case, we get a net power of 800-354=446 W; by
multiplying this by (3600 - 116), we find that 185 Mj where produced. Thus, we have a volumetric
energy density of 185/0.233 = (7.93 + 0.8)1 0* Mj/Liter, meaning that even by resorting to the
most conservative and “worst case scenarios”, where the total volume of the reactor is
comprehensive of the S-mm thick steel cylinder, we see that we are still at least one order of
magnitude above the volumetric energy density of any known chemical source [Ref. §].

E-Cat HT2 performance calculation

According to the engineering definition, COP is given by the ratio between the output power
of a device and the power required by its operation, thereby including, in our case, the power
consumed by the control electronics.

For the £E-Cat HT2 one would therefore have (assuming a 10% uncertainty in the powers):

COP=816/322=2.6+£ 0.5 (36)

In order to compare this figure with the COP value obtained in the December test (5.6; see
(19)), one must first of all consider that the two values were obtained in different experimental
contexts: (19) gives the ratio between power emitted and power consumed by the E-Cat HT
only, without the TRIAC power supply, whereas (36) includes power consumption by the E-Cat
HT?2's control device instrumentation. The expression useful for such a comparison is therefore
the following:

COP= 816/283=2.9+0.3 (37)
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Thus, (19) and (37) give the performances specific to prototypes E-Cat HT and E-Cat HT2,
respectively — regardless of the electronic circuits (also prototypes) used to control them. Since
the main goal of the present paper is a specific investigation of E-Cats as physical systems,
these are the most meaningful expressions for our purposes.

The reasons for the appreciable difference between the value obtained in December and the one
found in March are probably to be sought in the tendency of the COP to increase with
temperature, a fact which was noticed even in the November test. In that occasion, reaching a
certain critical temperature threshold was enough to cause the reaction to diverge uncontrollably
and destroy the device. Considering that, in December, the E-Cat HT's average temperature was
438 °C, vs an average of 302 °C for the E-Cat HT2 in March, a higher COP for the former
device with respect to that found in the latter was by no means unexpected.

In any event, inasmuch as the quantity of the charge contained in the first device is not known, a
comparison between the two tests is not strictly appropriate. It is possible that the two
coefficients of performance differ only because the quantity of powder used in the two tests was
different.

Remarks on the test

An interesting aspect of the E-Cat HT2 is certainly its capacity to operate in self-sustaining
mode. The values of temperature and production of energy which were obtained are the result
of averages not merely gained through data capture performed at different times; they are also
relevant to the resistor coils’ ON/OFF cycle itself. By plotting the average temperature vs
time for a few minutes of test (Plot 3) one can clearly see how it varies between a maximum
and a minimum value with a fixed periodicity.

Temperature vs Time
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Plot 3. Average surface temperature trend of the E-Cat HT2 over several minutes of
operation. Note the heating and cooling trends of the device, which appear to be different from
the exponential characteristics of generic resistor.

Looking at Plot 3, the first feature one notices is the appearance taken by the curve in both the
heating and cooling phases of the device. If we compare these in detail with the standard curves of
a generic resistor (Plot 4 and Plot 5), we see that the former differ from the latter in that they are
not of the exponential type.
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Plot 5. Comparing the typical cooling curve of a generic resistor (lefl, [Ref. 9]) to the one relevant to
one of the E-Cat HT2 5 OFF states.

Finally, the complete ON/OFF cycle of the E-Cat HT2, as seen in Plot 3, may be compared
with the typical heating-cooling cycle of a resistor, as displayed in Plot 6.

Plot 6. Heating and cooling cycle of a generic resistor [Ref. 9]. The trend is described by
exponential type equations.

What appears obvious here is that the priming mechanism pertaining to some sort of reaction inside
the device speeds up the rise in temperature, and keeps the temperatures higher during the cooling
phase.

Another very interesting behavior is brought out by synchronically comparing another two curves:
power produced over time by the E-Car HT2, and power consumed during the same time. An
example of this may be seen in Plot 7, which refers to about three hours of test. The resistor coils
ON/OFF cycle is plotted in red, while the power-emission trend of the device appears in blue.
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Plot 7. Chart showing emitted power (in blue) and consumed power (in red) vs time for the E-
Cat HT?2.

Starting from any lowest point of the blue curve, one can distinguish three distinctive time
intervals. In the first, emitted power rises, while remaining below the red line representing
consumed power. In the second, emitted power rises above consumed power, and approaches its
peak while the resistors are still on. In the third, after the resistors have been turned off, emitted
power reaches its peak and then begins to fall to a new minimum value, whereupon the resistors
turn on again. In the first time interval, emitted power is less than consumed power; but already
in the second the trend reverses, and continues as such into the beginning of the third. Plot 8,
which gives an expanded view of Plot 7, the three intervals are visually enhanced for the sake of
clarity.

Duty Cycle
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Plot 8. Detail taken from Plot 7, reproducing the first two periods of the cycle. The three time
intervals in which each period may be divided are labeled by Roman numerals.

Further food for thought may be found by analyzing the trend of the ratio between energy produced
and energy consumed by the E-Cat HT2, as referred to the same time interval dealt with in Plot 7.
The blue curve in Plot 9 is the result of the analysis, and is reproduced here together with the red
curve of power consumption normalized to 1. Basically, for every second taken into account,
the corresponding value of the blue curve is calculated as the ratio between the sum of the power per
second emitted in all the previous seconds, and the sum of the power per second consumed in all
the previous seconds.
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Plot 9. The blue curve is the result of the ratio between energy produced and consumed by the
E-Cat HT2, with reference io the same time instants dealt with in Plot 7. The red curve represents
the ON/OFF trend of the resistor coils normalized to 1.

All the above trends are remarkable, and warrant further in-depth enquiry.

Conclusions

The two test measurements described in this text were conducted with the same methodology
on two different devices: a first prototype, termed E-Cat HT, and a second one, resulting from
technological improvements on the first, termed £E-Cat HT2. Both have indicated heat production
from an unknown reaction primed by heat from resistor coils. The results obtained indicate that
energy was produced in decidedly higher quantities than what may be gained from any
conventional source. In the March test, about 62 net kWh were produced, with a consumption of
about 33 kWh, a power density of about 5.3 - 10, and a density of thermal energy of about 6.1 -
107 Wh/kg. In the December test, about 160 net kWh were produced, with a consumption of 35
kWh, a power density of about 7 - 10° W/kg and a thermal energy density of about 6.8 - 10° Wh/kg,
The difference in results between the two tests may be seen in the overestimation of the weight of
the charge in the first test (which was comprehensive of the weight of the two metal caps sealing
the cylinder), and in the manufacturer’s choice of keeping temperatures under control in the
second experiment to enhance the stability of the operating cycle. In any event, the results obtained
place both devices several orders of magnitude outside the bounds of the Ragone plot region for
chemical sources.

Even from the standpoint of a “blind” evaluation of volumetric energy density, if we consider
the whole volume of the reactor core and the most conservative figures on energy production,
we still get a value of (7.93 + 0.8) 10* MJ/Liter that is one order of magnitude higher than any
conventional source.

Lastly, it must be remarked that both tests were terminated by a deliberate shutdown of the
reactor, not by fuel exhaustion; thus, the energy densities that were measured should be
considered as lower limits of real values.

The March test is to be considered an improvement over the one performed in December, in that
various problems encountered in the first experiment were addressed and solved in the second
one. In the next test experiment which is expected to start in the summer of 2013, and will last about
six months, a long term performance of the £-Cat HT2 will be tested. This test will be crucial for
further attempts to unveil the origin of the heat phenomenon observed so far.
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