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Abstract
Isothermal calorimetric studies of the D/Pd and H/Pd systems have been carried out at high
deuterium (hydrogen) loadings (i.e. [D(H)]/[Pd] > 0.9) at approximately 30°C. Under these
conditions, the generation of “excess power” was observed in a series of deuterium-based
experiments, but not in a hydrogen-based experiment. The results of these experiments
enable several (tentative) conclusions to be reached concerning the conditions necessary for
the reproducible observation of this anomalous thermal effect.

1. Introduction
Following the results reported by Fleischmann et al. [1], a considerable amount of effort has

been expended in order to test the hypothesis that the electrochemical loading of deuterium into
palladium leads to the production of energy in excess of that predicted to arise from known
chemical or electrochemical phenomena. Based on the totality of the calorimetric results reported
to date, it is evident that the ultimate acceptance or rejection of the original hypothesis will not
be determined by calorimetry alone, but only in addition to the confirmed observation of other
products of the energy producing process, leading ultimately to the development of supportable
new theories. However, because of the potential importance of the energy-related aspects of the
phenomenon, calorimetric studies provide the most appropriate basis from which to undertake a
comprehensive investigative programme.

Some of the discrepancies in the results of the various calorimetric studies undertaken thus far
may be traced to the different experimental approaches adopted; not all of these may be expected
to be equally accurate or reliable. More importantly, perhaps, in accounting for the variety of
reported calorimetric results, is the wide range of possible conditions which may be employed
(or encountered) in a given experiment, some of which will be difficult to control or reproduce.
This consideration, in particular, may hinder attempts to replicate the original experiments of
Fleischmann et al. Nonetheless, it is evident from the calorimetric results reported to date, that
the experimental hypothesis referred to in the above paragraph cannot be supported as stated;
additional criteria must be satisfied.

An experimental programme was undertaken in order to investigate and, if appropriate, to
characterize further the energy production effect described by Fleischmann et al. At the outset it
was postulated that anomalous effects previously unobserved, and presently unexplained, in the
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structure was placed inside the PTFE vessel, freshly prepared electrolyte added, and the
aluminium vessel sealed. The aluminium vessel was initially pressurized with the appropriate
amount of deuterium (or hydrogen) gas (calculated assuming a final loading of unity) in order to
recombine the excess oxygen evolved during the initial charging of the cathode.

2.2. Calorimeter design
The sealed aluminium vessel was fitted externally with a helically wound compensation (and

calibration) heater, and sheathed with axially oriented heat exchanging fins. This unit was
immersed directly in the heat transfer fluid of a flow calorimeter (Fig. 3). The body of the
calorimeter consisted of an evacuated, silvered glass Dewar, the ends of which were closed with
tightly fitting end-pieces made of a PMMA acrylic plastic. Rubber gaskets were used to achieve
a watertight seal. The calorimeter was itself immersed in a well-regulated (±3 mK) bath of the
same fluid maintained at approximately 30°C. For the majority of experiments reported here, the
calorimetric fluid was silicone oil, chosen for its low heat capacity, low corrosivity, and its good
electrical insulation properties. A preliminary account [10] of the work reported here contains a
mis-statement concerning the identity of the calorimetric fluid.

The heat transfer fluid was pumped from the bath, past the cell inside the calorimeter volume,
using FMI (QV-OSSY) constant displacement pumps. The mass flow rate was determined by
pumping the flow to an auto-siphon device placed on a Setra model 5000L digital balance.
Precautions were taken to ensure that fluid was not lost following its transit through the cell,
before flow rate determination. In the calorimeter design described here, the incoming fluid was
at the same temperature as the bath, and the predominant heat transport was upward. All
electrical leads were taken through the bottom insulating boundary across which the temperature
gradient (and therefore conductive loss) was a minimum. A pressure pipe (not shown in Fig. 3)
extended from the cell, through the top acrylic end-piece, to a pressure transducer above the bath.
The pressure pipe also contained a PTFE catheter that was used to insert chemical species into
operating cells. Since the pressure pipe emerged through the top insulating boundary, it was
expected to contribute to conductive heat loss from the calorimeter, discussed further below.
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Fig. 3. Flow calorimeter design.

The inlet and outlet heat transfer fluid temperatures were measured with platinum resistance
temperature devices (RTDs). Two RTDs were used to sense each temperature; the temperature
difference was then calculated from the two independent pairs. The required resistance
measurements were made in a four-terminal mode, where all the RTDs were multiplexed
sequentially to a single multimeter calibrated against NIST traceable standards.

Calorimetric measurements were carried out isothermally, under constant input power
conditions, whenever possible. The power input to the calorimeter by the electrochemical current
was considered to be the product of that current and the voltage at the isothermal boundary.
Under experimental conditions, this input power changed by voltage or resistance variations in
the cell, or at times when the current was ramped. This had two undesirable consequences.
Firstly, a change in input power changed the cell temperature so that the electrochemical
conditions were no longer under control. Secondly, a change in the temperature also moved the
calorimeter from its steady state as the calorimeter contents took up or released heat. Hence, to
minimize these effects, the compensation heater was used to correct for changes in
electrochemical power so that the sum of the heater and electrochemical power inputs to the
calorimeter was held constant. Computer-controlled power supplies were used for both the
electrochemical power and the compensation heater element, both were operated in galvanostatic
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determinations. A single episode of excess power is presented each for P12, P14 and P15; these
are intended to exemplify particular features of the apparent excess power production.

For each of the cells P12 through P16, there were occasions when, for nominally identical
current ramps, similar average cathode loadings were obtained but with no manifestation of
excess power, within the sensitivity of the calorimeter. For the full duration of the P13
experiment, the calorimeter was observed in the steady state to be within approximately 50 mW
of zero excess power production.

Figure 4 shows the time evolution of the current density, together with the calculated excess
power and its associated uncertainty, for P12 for the time period 1222-1558 h (associated
reference voltage and cathode resistance ratio data are given in ref. 10). At the beginning of this
period, the calorimeter was operated at a constant input power of 10 W. During this time, the
current was held constant at 0.1 A (approximately 20 mA cm-2) and 2.0 A (400 mA cm-2) and
ramped and stepped between these limits. At the initial current density, the resistance ratio
attained a value of about 1.75, decreasing (corresponding to increasing loading) slightly with
time, while the calorimeter maintained a power balance. As the current was increased, the
resistance ratio fell to about 1.67 at approximately 100 mA cm-2, indicating that the electrode
was loading further. The increase in current density and absorption of deuterium were
accompanied in this case by the production of excess power. The excess power responded
apparently monotonically to the current density, above a certain threshold value. At each
instance of a step in the current density, the excess power responded apparently with the time
constant of the calorimeter. That is, the phenomenon that gave rise to this effect itself had a time
constant of a few tens of minutes or less.

Fig. 4. Variation of excess power (W), current density (A cm-2) and calculated measurement uncertainty (W)
with time (since start of experiment) for P12.
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Time (hours since start of experiment)

Fig. 5. Variation of current density (A cm-2) for P13 and P14, excess power (W) for P14 and excess power (W)
for P13, with time (since start of P13). [Note: this version of this figure taken from a later paper, McKubre,
M.C.H. Review of experimental measurements involving dd reactions (PowerPoint slides). in Tenth International
Conference on Cold Fusion. 2003. Cambridge, MA: LENR-CANR.org.]

It should be noted, however, that the resistance ratio did not decrease monotonically with
increasing current density; a maximum in loading apparently being achieved in this experiment
at current densities as low as about 200 mA cm-2. At higher current densities the loading appears
to decrease somewhat, while the excess power increases.

During the sustained hold at high current density from approximately 1366 to 1534 h, the cell
voltage slowly increased, presumably as a result of loss of conductive species from the liquid
phase in the cell. Towards the end of the current plateau, the input electrochemical power
exceeded 10 W, so that the system departed further from its steady state, and the quality of data
was reduced. At approximately 1534 h, the current was reduced to 0.1 A. At this point it was
clear from the resistance ratio that the electrode had de-loaded. In subsequent experiments it was
found not to be possible to re-load the electrode with deuterium, or to obtain excess power.

Following termination of P12, P13 was placed in the calorimeter using the same hardware,
electronics and flow system. An attempt was made to achieve nearly identical conditions to those
of P12, excepting only that the electrolyte was prepared from light water and the cathode was not
implanted with helium. This experiment was operated for a total of 815 h and exercised over the
same range of current densities and loadings as P12, during which time no excess power was
observed, to within approximately 50 mW.


