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This is a continuation of what we reported at ICCF21. These experiments produce excess heat

using a nickel mesh with palladium burnished onto it by rubbing. That is to say, rubbing by hand,
back and forth and up and down.
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Air flow calorimeter

An insulated acrylic box, shown here WITHOUT insulation, with an active and control reactor
installed.

Heat is measured with an air flow calorimeter. That’s a large plastic box in which two reactors
are placed side by side: a control and an active reactor. It is shown here with the insulation
removed. This photo was taken many years ago, with two 50 kg reactors.
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Air flow calorimeter

Calorimeter during test. Air enters at the bottom and goes out of the top

During a test, the inside of the box is insulated with aluminum bubble insulation. Four main
parameters are measured: input power, the inlet and outlet air temperatures, and the air flow

rate.
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ICCF21 result

100 W in, 112 W out. 12 W excess. Close to the margin of ~2 W
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Here is one of the better results from ICCF21: 100 W in, 112 W out. 12 W excess. That was close
to the margin. This calorimeter can measure 2 W with confidence.
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Best result this year

R20 reactor, 50 W input, 300 W output, 250 W excess
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Here is this year’s best result with the R20 reactor: 50 W in, 300 W output, 250 W excess. The
“R20” is the 20th reactor Mizuno has constructed. This result is far above any possible error.
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Best result this year

R20 reactor, 50 W input, 300 W output, 250 W excess
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175 W excess captured in air flow

The gray line is the heat measured with the air temperature difference alone. The orange line
shows the total after adjusting for heat lost from the calorimeter chamber walls through the
insulation. At the temperatures in this test, losses are about 20%.

IKEDIRITZ., [UBEODELITTRESINIBVTCH D, AL VI EBDRIZ. WMEMENL T
BMETFTF v Vv N—DENASLEONIAAZR/ELI-EOETERLTWSE, TOTA LD
BEETIE. BvoR20% Kb s,



Slide 7

Best result this year

R20 reactor, Excess heat vs Calibration
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This is the raw data, outlet minus inlet temperatures. The orange line is from a 50-W calibration,

the blue line is the excess heat result. It is 11°C warmer than the calibration, which is a very
large temperature difference.
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July 18, 2019 “Reality Check” test

R19 reactor, 216 W in, 324 W out, 108 W excess. Power, temperatures and air flow rate
measured independently.
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This is a typical result from the older R19 reactor. It is not as spectacular as the R20, but
definitely positive. Again, the gray line is the heat measured with the air temperature difference
alone, and the orange line includes heat losses from the calorimeter walls. It is producing ~108
W of excess heat.

The perturbation at 4 hours was caused by a visitor who brought his own instruments. It was
caused when the visitor moved the instruments around and compared them to Mizuno’s. The
four parameters were confirmed: input power, the inlet and outlet temperatures, and the air
flow rate. The visitor’s instruments showed input power and the temperatures very close to
Mizuno’s instruments. The anemometer showed the air flow rate about 16% higher that
Mizuno’s, indicating more excess heat. This is a confirmation that there is no gigantic error in
the calorimetry. It would have to be a gigantic error to explain away these results. This is a
“reality check.” It is not a replication, but it is the next best thing.

Many other visitors have checked Mizuno’s instruments over the years, including Rothwell.
Mizuno himself has redundant instruments: three power meters, and numerous thermometers
and thermocouples.
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July 18, 2019 “Reality Check” test

R19 reactor, 216 W in, 324 W out, 108 W excess. Input, output shown as temperature

difference.
5°C I

Temperature Delta T

At first glance, this R19 result is not as impressive looking as the R20 11°C temperature
difference. This cell is externally heated, so it takes 216 W to reach the operating temperature,
instead of only 50 W, so there are proportionally more losses from the walls.

Here is the same data with power (watts) converted to temperature. Calibrations show with no
excess heat the temperature difference should be 10°C. The excess pushes it up 5°C higher. A
5°Cis just as convincing as 11°C.
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Calorimetry

50 W Calibration ambient temperature fluctuations
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The calorimetry is reliable and accurate, but imprecise. It is very noisy because of ambient
temperature fluctuations (the yellow line). The fluctuations in output (gray line) are artifacts of
the ambient temperature changes.
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Replications

Several replications are underway. Zhang reports success with a Seebeck calorimeter.
Problem: Reaction tapered off
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We will not be sure these results are real until they have been independently replicated by 4 or
5 experts. Several replications by experts are now underway. H. Zhang published a preliminary

report of success at LENR-CANR.org. He is using a Seebeck calorimeter which much better than
Mizuno’s instrument.

His meshes did not produce heat at first, then after more gassing and degassing cycles, they
began producing 4 to 9 W. The first 3 positive runs produced about 111 kJ in all. The reactions
taper off after about 3 hours, although they continue at a low level. This one reached 9.8 W and
then continues at about 1.8 W. Mizuno suspects this tapering off may be a problem. It might
indicate this a chemical effect from contaminate gas leaking from the nickel mesh. 111 kJ seems
like too much energy for that.
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We uploaded a detailed recipe

Cleaning

All handling is done with gloves in hood.

1. Wash sheet with a mild detergent in ordinary tap water, and scrub with a plastic dish
scrubbing pad.

Sand with water resistant sandpaper, starting with 400 grit, then 800, 1200, and 1500.
Wash again with mild detergent using plastic scrubbing pad, and rinse with tap water.
Soak in tap water at about 90°C for 1 hour.

Wash with ethyl alcohol. . . .

uhwN

Mild detergent used to clean

| mesh (Kao, Inc., Kyukyutto
Orange scented brand).
Ingredients: surfactant (37%,
higher alcohol (anion), sodium
dialkyl sulfosuccinate) . . .

Water resistant sandpaper. Silicon
carbide: DCGS: cc-500, cc-800, cc-
1200, cc-1500 (Sankyo Rikagaku
Co., Ltd.)

We published a detailed recipe telling people how to do this experiment. It has been
downloaded more than 6,000 times. This part describes how to clean the mesh. It says you
should wear gloves, wash in detergent, sand with water resistant sandpaper, and so on. The
recipe includes some details that | do not think will be needed, such as the brand of detergent. |
cannot be sure this has no effect so | included the brand name and ingredients. Some of the
people replicating took SEM photos and found interesting things on the mesh left by their local
tap water. They wondered whether the water in Sapporo has minerals that affect the outcome.
They had various other questions. So | published a Supplement to the recipe including things
like a detailed analysis of tap water in Sapporo.

We have done other things assist replications. We distributed as-received meshes from the
vendor. Mizuno is now burnishing meshes with palladium and distributing them. People have
not yet had a chance to use them. Here is a promising next step. Mizuno has opened the R20
and removed the mesh that produced 250 W excess. We have arranged for a top notch
laboratory with advanced diagnostic instruments to analyze it.

| cannot think of what else we might do to assist people replicate, but if you have suggestions
please let me know.

To replicate this, | urge researchers to follow this recipe as closely as you can. Please do not
think | am saying: “We are the experts, we know what is best, so shut up and do as you are
told.” | mean just the opposite. | mean we don’t know what we are doing. This is more art than
science.
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Calorimetry

Data collected Heat computed
HIEAF&E HFjiE TG
« PTi00 PTI00 PTI00 K v
Time/s BlowerV BlowerA Pressure InputV (*24) Input A (*2.5) f:,::;’,‘:j;“” Airin Air out Airout f:;;‘:"ame Frectromotive Input/W  Tout-Tin/deg Airweight/ke/s ...  Output/W
o 1024 13 007 248 060 3120 2700 3533 3527 17255 000 102 202 oo 11055
s 1024 13 007 24 069 5115 2792 3535 3530 17230 000 1028 708 oo 12081
0 w13 oo 24 060 3115 2789 3533 3525 1725 000 108 700 oo 12075
15 10.24 133 0.07 2.48 0.69 3115 27.89 3533 35.20 172.80 0.00 1029 7.03 0.01721 119.78
0 w13 oo 24 089 315 2787 330 320 17285 000 1028 706 oo 12018
% w13 oo 24 060 315 2787 3525 3514 17305 000 1008 Gos oo 11003
30 10.24 132 0.07 2.48 0.69 31.10 27.87 3520 35.09 173.30 0.00 102.8 6.93 0.01720 118.01
3w 13 oo 2a 060 3110 788 3517 3509 17285 000 108 cos oo 11897
w0 wu 1m oo 24 069 5110 2784 3520 354 17255 000 1028 6 oo 11850
s wu 13 oo 24 060 3115 2784 3522 3520 17250 000 108 705 oo 11083
50 10.24 132 0.07 2.48 0.69 3110 27.87 3527 3522 172.80 0.00 102.8 7.00 0.01719 119.13
55w 13 007 24 089 35 2789 3535 3533 17280 oot 1028 70 oo 12065
@ w2 13 oo 24 060 5115 2787 3545 3543 17250 oot 1008 725 oomo 1338
6 w2 13 007 24 069 3110 2780 3556 3556 17255 oot 1028 a1 oo 12605
o wu  1: oo 24 060 3115 2780 3556 3558 17200 oot 108 730 ooms 12563
7w 13 oo 2a 069 315 2784 3553 3558 17205 oo1 1028 737 oo 562
@ w2 13 oo 24 069 3115 278 343 3545 17215 oot 1027 730 oomo 12423
85 1024 133 0.07 2.48 0.69 3110 27.82 3533 3538 172.05 0.01 102.7 7.19 0.01722 122.58

A computer records parameters into a spreadsheet and computes heat output every 5 seconds.
(The actual spreadsheet has many more columns.)
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The air flow is turbulent

Laminar  (a) d

y@
Turbulent (b) ;Eggijiiggézgigzj d

There are four main parameters. The electric power, inlet and outlet temperatures, which are
easy to measure, and the air flow rate which is more difficult.

When people look at this experiment, they often say: “Ah, ha! The flow rate varies! It is fastest
in the middle of the pipe and zero at the edges.” Several people sent us an illustration like this
one, showing a laminar flow, type (a). Based on a traverse test, we confirmed that this flow is
turbulent, type (b), which means the fluid is well mixed.
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Traverse test

Blower and 66 mm round exit orifice

The air travels from the blower to a round exit orifice, 66 mm in diameter.
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Traverse test

Face of 66 mm exit orifice

Anemometer held at points 1, 2, 3 and 4, then at vertical points 5, 6 and 7

In a traverse test, you hold the anemometer probe in the center at point 1. You take a reading.
You then move to point 2, take another reading, then go to 3, 4, then up to 5, 6 and 7, right to
the edge of the orifice. You find that the air speed is the same at every point. It is uniform.
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Traverse test results
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Here are the results for different power levels ranging from 1 to 5.5 W. All 7 readings with 1 W
of power are close together, meaning the flow rate is uniform.
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Traverse test results
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The next set of 7 readings, for 1.5 W, are also close together.
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Traverse test results
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The next set of 7 readings, are also close together.

We also know the air is well mixed because the Reynolds number is computed at ~18,000, and
any number over 2,300 indicates a turbulent flow, with well mixed air.

We also know this is correct because we can compute the flow rate from the other three
parameters. With a low power calibration, losses from the walls are negligible, so the weight of
air equals energy divided by temperature times specific heat. It is within 2% of what the
instruments measure. Those other three parameters have been checked with numerous
instruments so we are sure they are correct.
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Heat losses from walls

Measure losses during calibration. Make function to estimate percent lost at any power level
or reactor temperature.

0 100 200 300 400
Reactor temperature (C)

100 150 200 250 300 350 400
Reactor temperature ()

The other difficulty with the calorimetry is determining how much heat is lost from the walls.
We estimated it by measuring the heat recovery rate at different power levels during
calibration. With 100 W of input, the outlet minus inlet temperature difference is 5°C. Multiply
that by the weight of air and the specific heat of air, and you find 84 W are recovered. At 200 W
of input, 179 W are recovered.

From that we derive a function to estimate losses at any power level, or any reactor
temperature. The black line (right-hand graph) shows that the function works well.

By the way, we do not need this adjustment. We can ignore losses. As you saw in the previous
slides, there is often so much excess heat, it exceeds input even before you take into account
losses from the walls.
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R20 reactor improved geometry

R14 reactor with external heating. g
\)

¢ ,_EE!AE

R20 reactor with internal heating.

H ——

Why did the R20 reactor work so well? Mizuno thinks the big improvement is cell geometry. He
moved the heater from outside the cell, to the center of the reactor inside. However, the mesh
is the major contributing factor. Materials are the key to cold fusion. We do not understand the
mesh well enough to predict performance.

KEFIEVEFOREZABEIIEICELEROBEICL D HD/IZEEZTWD, HKIT, E—
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R21 with new mesh, August 2019

102 W input, 135 W output, ~30 W excess. Heating in cycles 1.5 to 3 hours long.

R21 with new mesh

Power (W)

In August 2019, Mizuno started a test with a new mesh in the new R21 reactor which has the
R20 geometry. Excess heat is only 20 to 30 W as of now, much less than the 250 W he saw
earlier this year. The reaction may increase after repeated gassing and degassing. A few years
ago, many meshes did not produce any heat at all. We would have been thrilled to see 30 W
from a new mesh. So | think the new geometry is helping.

This test showed an unusual periodicity, with the sample heating in cycles lasting 1.5 to 3 hours.
The sample is spontaneously loading and deloading in these cycles, and the heat production is
linked to this. This is not under Mizuno’s control. It may be an important hint about the nature
of the reaction. My guess is that this shows the importance of flux. It is not clear whether the
flux is causing the heat, or vice versa.

201988 12, KEFIFFT L LR2IDIFICHFT L WA v > 2 A{EX TEREA BB L 7=, R211E
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R21 with new mesh, August 2019

Heating cycles linked to loading.
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Here is another look at the periodicity, showing pressure and D2 concentration.
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Effect is usually very stable. Too stable?

R20 50 W input, 300 W output R21 with new mesh
350 150
300 40
— 250 _
=200 S
£ 150
< 100 =
50 r

The reaction is normally very stable. Too stable. This suggests it might be an instrument artifact,
producing what looks like a fixed percent of input power. Fluctuations like this give me more
confidence that the effect is real. It is difficult to imagine an instrument artifact would produce
periodic fluctuations on a random time scale. It is even more difficult to imagine it would
correlate with loading and deloading, which is estimated from the gas pressure. The pressure
gauge is not affected by temperature. So the temperature fluctuations and pressure are
independent, and they are correlated, which | think rules out an artifact.
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Comments by Edmund Storms

Storms has made an effort to identify the important variables involved in the Mizuno method, which is critical to
a successful replication. These are:

1. The amount of sanding changes the amount of surface on which the Pd is applied, with increased sanding
expected to cause increased excess power. However, too much sanding will weaken the wires so that they
will bend rather than acquire Pd.

2. The amount of D reacted with the metals will determine the amount of NAE that can be produced. However,
the NAE is produced only during a deloading event. Therefore, for success to be achieved, deuterium must
first be acquired by the metals, followed by removal of the D, as explained in the paper.

3. The effect of temperature is critical, with the activation energy calculated from an Arrhenius plot being an
important diagnostic for the LENR process. The LENR process is expected to show a logarithmic increase in

excess power with temperature. A runaway is possible at a critical high temperature.

See: Relationship between the burnishing process used by Mizuno and the Storms theory of NAE formation

Here is a bonus slide sent to me by Ed Storms. Ed did some experiments and he wrote a report
at LENR-CANR.org, titled: “Relationship between the burnishing process used by Mizuno and
the Storms theory of NAE formation.” (NAE is the Nuclear Active Environment.)

Results from Mizuno and from the replications now underway support points 1 and 2.
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Storms’ point 3 is supported by Mizuno’s Fig. 8, in https://www.lenr-
canr.org/acrobat/MizunoTincreasede.pdf
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R20 used as room heater in wmter 2018

Here is a cute photo of the R20 reactor used as a room heater last winter. This is the world’s first
cold fusion space heater. It is shown here without the power supply or deuterium gas tank. This
has the mesh that produced 250 W. With 300 W input, it produced much more heat than the
calorimeter can measure. So, Mizuno put it in this reflective heater and used it heat a room.
Space heaters are common in Sapporo. This one kept the room roughly as warm as a 3 kW
conventional heater. So that is a very rough approximation of how much heat the reactor was
producing: around 3 kW.
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