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364/4 PROV
DESCRIPTION

NOVEL METHODS AND DEVICES FOR USE IN GENERATING USEFUL HEAT

TECHNICAL FIELD
[0001] This disclosure is related to novel methods and devices for use in generating
uscful heat. The generated heat may be used, for example, in an energy generating setting,
industrial, commercial setting, or any other setting in which heat may be advantageously

employed.

BACKGROUND

[0002] Heat may be advantageously used for generating energy, heating an area,
powering an industrial process, or in many other situations. Methods and devices useful in
generating heat will be beneficial for addressing energy storage and supply issues faced by the
developed world, however, current methods suffer from a variety of shortcomings. For example,
some methods and devices for generating heat are costly, requiring significant capital
infrastructure and investment. Other methods and devices are not efficient in producing heat in
a cost effective manner.

[0003] A need therefore exists for a method or solution that addresses these

disadvantages.

SUMMARY

[0004] This Summary is provided to introduce a selection of concepts in a simplified
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364/4 PROV

form that are further described below in the Detailed Description of Illustrative Embodiments.
This Summary is not intended to identify key features or essential features of the claimed subject
matter, nor is it intended to be used to limit the scope of the claimed subject matter.

[0005] Disclosed herein is a system for capturing generated heat. The system
includes a heat generator according to the one or more devices disclosed herein and a liquid
exchanger configured for passing fluid into heat transfer arrangement with the heat generator and
configured for condensing heated liquid.

[0006]  According to one or more embodiments, a method for generating energy is
provided. The method includes generating heat with a heat generator according to the one or
more devices disclosed herein and passing cooling fluids into heat transfer arrangement with the

heat generator and condensing the heated fluids.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The foregoing summary, as well as the following detailed description of
preferred embodiments, is better understood when read in conjunction with the appended
drawings. For the purposes of illustration, there is shown in the drawings exemplary
embodiments; however, the presently disclosed invention is not limited to the specific methods
and instrumentalities disclosed. In the drawings:

[0008] FIG. 1 illustrates a schematic diagram of a system for use in generating heat
and capturing heat therefrom. A related method of using the system in generating heat is also

provided.
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364/4 PROV
DETAILED DESCRIPTION
[0009] The presently disclosed invention is described with specificity to meet
statutory requirements. However, the description itself is not intended to limit the scope of this
patent. Rather, the inventors have contemplated that the claimed invention might also be
embodied in other ways, to include different steps or elements similar to the ones described in

this document, in conjunction with other present or future technologies.

Device
[0010] A system is illustrated in Fig. 1 for producing heat. According to one or more
embodiments and in one or more experiments, the system may include 107 individual reactors.
In one or more embodiments and in one or more experiments, each of the reactors may absorb a

power of about 1.1 kW.

[0011] Each unit may include a reaction chamber. According to one or more
embodiments, nickel powder may react with hydrogen in the presence of a catalyst within the
reaction chamber. Electric heaters may be provided and are fed by the current generator. The
power of the electric heaters may be regulated by a power panel. The power panel may include
computer control code in which an automated process of monitoring is carried out by the power
panel. Alternatively, the power panel may include operator responsive buttons such that a

human operator can monitor the heat generation process and control an output thereof.
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364/4 PROV
[0012] The electric heaters may be positioned within the reactor shelter and heat each
reactor. This may trigger a reaction between nickel and hydrogen, if those are the elements

provided within the reaction chamber, which may have heat as a byproduct.

[0013] The energy and/or heat produced by the generator may removed by a heat
transfer method such as liquid cooling. For example, a cooling fluid, such as water, may be sent
to inside of the module from the pump. Any liquid capable of acting as a heat transfer medium

may be employed.

[0014] The control of the heat generation by reaction of the nickel powder, hydrogen,
and catalyst may be performed by a computing device that measures one or more factors such as,
for example, temperature measured by temperature probes. The temperature probes may detect
the temperature of water in any portion of the system, including entry into the reactor shelter.
These measurements may be useful for determining steam to output. The flow rate of the
cooling fluid may be manually set to start of operations, or it may vary according to operator

controls or according to one or more computing systems.

[0015] In one or more experiments, the system included the following components:

One (1) Generator (300 Kw);
Two (2) Water pumps, which in the experiment were model EEM, Tellarini pompe, 0.37 Kw;

107 Reactors;
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364/4 PROV

24 Water pumps, which in the experiment were model Prominent Gamma, 23 w;

56 Water pumps, which in the experiment were model Prominent Concept plus, 15w;

Two (2) Heat sinks;

Two (2) Water tanks, which in the experiment were 1 cubic meter capacity each;

Two (2) Flowmeters;

One (1) Manometer;

Four (4) Instruments with a probe and/or sensor for temperature measurement by immersion;
One (1) Multifunction Calibrator; and

One (1) Power analyzer.

EXPERIMENTAL PROCESS

[0016] The water contained in the two tanks, placed at the sides of the reactor shelter,
is conveyed by pumps in the reactor shelter. The water is then heated by heat produced by the
reactors to vaporize into steam. The steam is collected in the two tubes of the steam line. The
steam is then conveyed to the outside of the reactor shelter housing the water pump and

flowmeter. The two tubes are then combined into a single tube.

[0017] The vapor is then passed through an air exchanger 1 and an air exchanger 2

until the steam condenses. The condensed water is then conveyed into the water reservoir which
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364/4 PROV
is placed inside of the reactor shelter in the experiment. The water is then conveyed to water

tank 1 and water tank 2, where the temperature of the water is measured.

[0018] The generator powers the heating elements of the reactor chambers in this
experiment. The pumps for the water, the internal services to the reactor shelter and the control
panel are powered by the generator. The heat sinks, which are fans in this experiment are

connected to the public electric grid.
EXPERIMENTAL RESULTS
[0019] In an experiment, the generator was activated. Exit temperatures of steam and
water in tank 1 were measured. Exit temperatures of steam were automatically recorded, as well

as temperature in tank 1. The process was then shutdown and temperature recording was ceased.

Calculation of COP

COP = energy produced ( Ee )
gnergy absorbed { Ea)

Calculation of the energy produced ( EP )
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364/4 PROV

[0020] The energy produced by 18 reactors is given by the sum of the heat of heating

of water, heat of vaporization of water and heat of superheating the steam.

Ep = ER + EV + ES
ER (energy of heating of water up to100 °C) = MW1 x Csw x (Tev — Tiwl) + MW2 x Csw x
(Tev — Tiw2)

MW!I1 = mass of water vaporized during the whole test, coming from tank 1

TiW1 = inlet temperature of the water, coming from tank 2
MW?2 = mass of water vaporized during the whole test, coming from tank 2
TW2 = inlet temperature of the water, coming from tank 2
Csw= specific heat of water = 1.14 Wh/(kg°K)

Tvw = vaporization temperature of the water = 100 °C

EV = (energy of vaporization of water) =A x (MW1 +MW?2)

A = (latent energy of vaporization) = 627.5 Wh/kg

ES (heating energy of steam) = Ms x Cps x (Tos — Tvw)

Ms = mass of steam produced during the whole test

Cps =specific heat of steam at constant pressure = 0.542 Wh/kg
Tos = outlet temperature of the steam

Tvw = vaporization temperature of the water
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364/4 PROV

*##* Note: Throughout the test the temperatures of steam measured by the two probes have

always been the same or very similar to each other.

[0021] Throughout the test the pressure of the steam was always equal to atmospheric

pressure

[0022] In order to be conservative:
- it has not been taken into account the heating energy of steam
- the temperature of the inlet water has always been considered equal to the maximum
value of the same measured during the whole test
- the uncertainty of measurement of the mass of water heated all were considered
against. Consequently, the total mass of water transited during the trial period has been

reduced by 10%.

Calculation of the energy absorbed ( Ea )

[0023] The absorbed energy is generated by the generator set.

[0024] In order to be conservative:
- all the energy, produced by the generator, is supposed to be absorbed by the 18 reactors
In reality a part of this energy feeds the pumps, which convey the water from the internal

reservoir to the two external tanks and pumps, which convey the water from the tanks
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364/4 PROV
external to the reactors. This energy then would not have gone to feed the reactors
- all the energy produced by the generator since its activation has been taken into account

in the context of the test.

Calculation of the COP

[0025] The COP has been considered only during the period, in which the reactors
were operating, namely when the temperature of the steam at ambient pressure was higher than
101 ° C.

The COP has not been considered during the phases of activation and de-activation

[0026] At the beginning of the test, the following values were measured:
MWI1b = 1050 kg

MW2b = 2100 kg

TiW1 =21.6 °C
TiW2 =224°C
Tos=121.3°C

Energy produced by generator set = 8.98 KWh

[0027] At the end of the operational period, the following values were measured:

MWle =1750 kg
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364/4 PROV
MW2e =3900 kg
TiW1 =54.4°C
TiW2 =46.8 °C

Tos=139.7°C

[0028] Energy produced by generator set = 140.7 KWh
ER =MW1 x Csw x (Tev — Tiwl) + MW2 x Csw x (Tev — Tiw2)
MWI =(MWle - MW1b) = 1750 — 1050 = 700 kg
MW2 = (MW2e - MW2b) = 3900 — 2050 = 1850 kg
and reducing by 10%
MWI1 =630 kg

MW2 = 1665 kg

[0029] During the test the highest value of TiW1 is equal to 54.9 °C, the highest

value of TiW2 is equal to 55.2 °C

[0030] Substituting the values results in:
ER =630 x 1.14 x (100-54.9) + 1665 x 1.14 x (100-55.2) = 32391 + 85035 = 117426 wh
EV=Ax(MW1 +MW2) = 627.5 x (630 + 1665) = 627.5 x 2295 = 1440113 wh
ES = Ms x Cps x (Tos — Tvw) = not taken into account

Ea =140.70 — 8.98 = 131.72 Kwh
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[0031] The following was taken into account

Ea = 140.70 kwh = 140700 wh

COP={117426 + 1440113 } = 1557538 = 11.07Y
140700 140700

[0032] Throughout the test the temperature of the outlet steam was always
significantly higher than 100 ° C.

[0033] While the embodiments have been described in connection with the preferred
embodiments of the various figures, it is to be understood that other similar embodiments may be
used or modifications and additions may be made to the described embodiment for performing
the same function without deviating therefrom. Therefore, the disclosed embodiments should
not be limited to any single embodiment, but rather should be construed in breadth and scope in

accordance with the appended claims.
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