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57 ABSTRACT

A plasma heating apparatus including a boiler vessel for
holding water to be heated, a cathode housed in the vessel,
the cathode defining a watertight cathode chamber isolated
from the water in the vessel, and, an anode housed in the
cathode chamber, the anode including an internal passage
for receiving a gas from outside of the vessel when the
passage is connected to a gas supply, and wherein the anode
is connectable to a power source for receiving power for
generating a plasma in the cathode chamber. In another
aspect, the present disclosure relates to a heat or power
generating system or plant including the plasma heating
apparatus.

7 Claims, 7 Drawing Sheets




US 11,112,109 Bl

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
6,380,268 Bl 4/2002 Yakobson et al.

7,557,511 B2 7/2009  Strikovski
9,088,019 B2* 7/2015 Benham .......... HOIM 8/04201

2002/0179428 Al 12/2002 Anazawa
2006/0201157 AL*  9/2006 Villalobos ............. FOIK 13/006
60/670

2010/0125267 Al 5/2010 Lee
2011/0239542 Al 10/2011 Liu
2011/0309050 Al 12/2011 Lori
2013/0309416 A1 11/2013 Yokoyama
2018/0193816 Al 7/2018 Letts

OTHER PUBLICATIONS

Office Action dated Feb. 1, 2019, U.S. Appl. No. 16/105,190.
Cercek et al.; PIC Simulation of a Double Layer Formation in a
Hydrogen Plasma with Negative Ions; 29th EPS Conference on
Plasma Phys. and Contr. Fusion Montreux, Jun. 17-21, 2002 ECA
vol. 26B, P2-006, pp. 1-4.

Office Action dated Jan. 4, 2019, U.S. Appl. No. 16/105,365.

* cited by examiner



US 11,112,109 B1

Sep. 7, 2021

U.S. Patent




U.S. Patent Sep. 7,2021 Sheet 2 of 7 US 11,112,109 B1

FIG. 2




US 11,112,109 B1

Sheet 3 of 7

Sep. 7, 2021

U.S. Patent

€ 'Ol

B

LI

T 9

nWh.Wuv\ e — - / / // \\ \ \ leJH(HMIHle{.M

s

8L

.




US 11,112,109 B1

Sheet 4 of 7

Sep. 7, 2021

U.S. Patent

; ll'ﬂl

3"\-

..VM

29

& L.

9¢



U.S. Patent  Sep.7,2021  Sheet 5 of 7 US 11,112,109 BI
| %0 ~134
J HEAT EXCHANGER / 128
» ~ (32
16 1 " HYDRONICS WATER MAKE-UP }/‘
e
Gy |
ok - V42
0
16 ol |
L~ o ~—\40
100~
14
) | 4O
a¢ | -
. N L G e | i
2 e L % 136
) 12 _ 0%
7 POWER BATTERY | [ 106
CONTROL R PACK
i | "o
SENERATOR AYIP'
COMPRESSOR \ i TOGRID
Ak ¢ " 146 146 148
(lsN-86  0
I J R HEAT EXCHANGER
86 [’M 12¢ 2L




US 11,112,109 B1

Sheet 6 of 7

Sep. 7, 2021

U.S. Patent

FIG. 8

FIG. 7

B

oy
o

i

01:3C

FIG. 11

FIG. 10

FIG.9



U.S. Patent Sep. 7,2021 Sheet 7 of 7 US 11,112,109 B1




US 11,112,109 Bl

1

PLASMA HEATING APPARATUS, SYSTEM
AND METHOD

FIELD OF THE DISCLOSURE

The present disclosure relates generally to a plasma
heating apparatus, system and method.

BACKGROUND OF THE DISCLOSURE

In the field of plasma physics, a double layer is a structure
in a plasma consisting of two parallel layers of opposite
electrical charge. The layers of charge, which are not nec-
essarily planar, produce localised excursions of electric
potential, resulting in a relatively strong electric field
between the layers and weaker but more extensive compen-
sating fields outside, which restore the global potential. Ions
and electrons within the double layer are accelerated, decel-
erated, or deflected by the electric field, depending on their
direction of motion. Double layers can be created in dis-
charge tubes, where sustained energy is provided within the
layer for electron acceleration by an external power source.

A boiler for heating hot water using plasma as a heating
source is disclosed in U.S. Pat. No. 5,685,997. A disadvan-
tage with such a boiler is that it uses mirrored surfaces which
are subject to deterioration by the plasma colliding with the
mirrors because the plasma is not sufficiently controlled.
Furthermore, the plasma in the boiler does not form double
layers.

SUMMARY OF THE DISCLOSURE

In one aspect, the present disclosure relates to a plasma
heating apparatus including a boiler vessel for holding water
to be heated, a cathode housed in the vessel, the cathode
defining a watertight cathode chamber isolated from the
water in the vessel, and, an anode housed in the cathode
chamber, the anode including an internal passage for receiv-
ing a gas from outside of the vessel when the passage is
connected to a gas supply, and wherein the anode is con-
nectable to a power source for receiving power for gener-
ating a plasma in the cathode chamber. In another aspect, the
present disclosure relates to a heat or power generating
system or plant including the plasma heating apparatus.

In another aspect, the present disclosure relates to a
plasma heating apparatus including a boiler vessel for hold-
ing water to be heated, a cathode housed in the vessel, the
cathode defining a watertight cathode chamber isolated from
the water in the vessel, an anode housed in the cathode
chamber, the anode including a solid bulbous cathode head,
and wherein the anode is connectable to a power source for
receiving power for generating a plasma in the cathode
chamber, and, an inlet in the cathode chamber for receiving
a gas into the cathode chamber when the inlet is connected
to a gas supply. In another aspect, the present disclosure
relates to a heat and/or power generating system including
the plasma heating apparatus.

In another aspect, the present disclosure relates to a
method for generating a plasma for use as an energy source,
including providing a cathode chamber, providing a hollow
bulbous anode in the chamber, creating a vacuum in the
chamber, supplying a gas to the inside of the anode and
permitting the gas to pass through the wall of the anode and
into the chamber, applying a current and a voltage to the
anode according to Paschen’s Law for generating a plasma
discharge in the chamber with gas that has passed through
the wall of the anode, and, altering the plasma discharge to
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form one or more double layer shells around the anode by
varying one or more of the applied current, the applied
voltage and the pressure in the chamber. In another aspect,
the present disclosure relates to a heat or power generating
system including the method for generating a plasma for use
as an energy source.

BRIEF DESCRIPTIONS OF DRAWINGS

For the purpose of illustrating the invention, the drawings
show aspects of one or more embodiments of the invention.
However, it should be understood that the present invention
is not limited to the precise arrangements and instrumen-
talities shown in the drawings, wherein:

FIG. 1 is a perspective view from the bottom of a plasma
heating apparatus according to an aspect of the present
disclosure;

FIG. 2 is a bottom view of the apparatus of FIG. 1;

FIG. 3 is a section view taken along A-A of FIG. 2;

FIG. 4 is a section view taken along B-B of FIG. 2
depicting a plasma heating apparatus according to another
aspect of the present disclosure 1,

FIG. 5 is a schematic diagram of a heating system
according to an embodiment of the invention;

FIG. 6 is an image of a dark quiescent plasma regime
around an anode according to an embodiment of the inven-
tion;

FIG. 7 is an image of a plasma regime with anode tufting
around an anode according to an embodiment of the inven-
tion;

FIG. 8 is an image of a plasma regime with anode tufting
around an anode according to an embodiment of the inven-
tion;

FIG. 9 is an image of a plasma regime with symmetric
concentric double layer shells around an anode according to
an embodiment of the invention;

FIG. 10 is an image of a quiescent plasma regime;

FIG. 11 is an image of asymmetric concentric double
layer shells around an anode according to an embodiment of
the invention; and

FIG. 12 is a diagram showing voltage drops in double
layers according to an embodiment of the invention.

DETAILED DESCRIPTION

Referring initially to FIG. 1, in one embodiment, the
present invention is directed to a plasma heating apparatus
including a boiler vessel indicated generally at 2 which
includes a cylindrical wall 4 and a closed top 6, and an open
bottom indicated generally at 8. A flange 10 is provided at
the open bottom 8. A disk-shaped base plate 12 closes the
open bottom 8. The plate 12 is provide with a round central
opening 14. The flange 10 is fastened to the base plate 12
with bolts 16. An o-ring 18 provides a watertight seal. Four
legs 20 support the vessel 2 in a raised position. A water
outlet 22 and a steam outlet 24 are provided in the cylin-
drical wall 4. A pressure control relief valve 26 is provided
in the head 6. The vessel 2 is constructed of metal, metal
composite or other suitable material capable of withstanding
elevated heat and pressure and maintaining water tightness.

The vessel 2 encloses a cathode chamber indicated gen-
erally at 28 including a bulbous hollow cathode head 30 on
a cylindrical hollow cathode stem 32. A flange 34 is pro-
vided at one end of the stem 32. The cathode chamber 28 is
positioned on the base plate 12 with the flange 32 surround-
ing the central opening 14. The cathode chamber 28 is
fastened to the base plate 12 with bolts 34.



US 11,112,109 Bl

3

In one embodiment, the cathode chamber 28 is con-
structed of metal, such as for example, iron, steel or a
metal-based alloy. In other embodiments, the cathode cham-
ber can take another shape provided that the cathode
encloses the anode and permits the formation of plasmas
according to embodiments of the present invention.

The cathode chamber 28 encloses an anode indicated
generally at 36 which includes a bulbous hollow anode head
38 on a cylindrical anode stem 40. In one embodiment, the
anode head 38 and the anode stem 40 are made of metal such
as for example steel or an iron-based alloy. The anode head
38 is positioned in the cathode head 30 and the anode stem
40 extends from the anode head 30 down through the
cathode stem 32 and through the central opening 14. The
anode stem 38 extends below the base plate 12, through an
insulating ring 42 and a heat exchanger indicated generally
at 44. The anode stem 40 tapers as it passes through an
annular cooling chamber 46 of the heat exchanger 44 and
terminates at a hose fitting 48 for connection to a gas line
(not shown) of a gas supply source (not shown). A central
channel 50 in the anode stem 40 extends from the hose
fitting 48 to the interior space 52 of the anode head 38.

A passage 54 in the flange 34 and in communication with
the interior volume 56 of the cathode chamber 28 extends
from the cathode stem 38 through the base plate 12 to a hose
fitting 58. The interior volume 56 is a contiguous volume
which includes the interior volume of the cathode head 30
and the interior volume of the cathode stem 38. The passage
54 can be used as conduit for introducing a gas into the
interior volume 56 cathode chamber 28 and for evacuating
gas from the cathode chamber 28. A vacuum pump (not
shown) can be connected to the hose fitting 58.

The anode stem 40 is shrouded by a dialectic sleeve 60
which forms an annular channel 62 between the dialectic
sleeve 60 and the anode stem 40. The dialectic sleeve 60 is
made of quartz or other suitable dialectic material. The
dialectic sleeve 60 minimizes plasma discharges from the
anode stem 40. The annular channel 62 is open at a top end
64 to the interior volume 56 of the cathode chamber and
extends through the central opening 14 and the insulating
ring 42, terminating at the bottom 45 of the insulating ring
42. An upper gasket 47 provides a hermetic seal between the
insulating ring 42 and the base plate 12, while a lower gasket
48 provides a hermetic seal between the insulating ring 42
and the annular cooling chamber 46 and the bottom 66 of the
dialectic sleeve 60. Two o-rings 68 around the dialectic
sleeve 60 hermetically seal the dialectic sleeve 60 in the
insulating ring 42.

The heat exchanger 44 also includes dissipating fins 70. A
dialectic fluid inlet pipe 72 extends into the annular cooling
chamber 46 and is provided with a hose fitting 74. A dialectic
fluid outlet pipe 75 extends from the annular cooling cham-
ber 46 and is provided with a hose fitting 77. Dialectic fluid
circulated through the chamber 46 helps cool the anode.

A power source connector 76 is provided on the heat
exchanger 44 for connection to a power source (not shown)
which can for example be a DC power source, an AC power
source, a modulated DC power source of varying frequen-
cies or other power source suitable for generating a plasma.

In operation, in one embodiment, when a hollow anode
according to an embodiment is used, a plasma discharge
from the anode is started by introducing a gas under positive
pressure via the central channel into the anode head and
applying a breakdown voltage to the anode.

Paschen’s law is an equation that gives the breakdown
voltage, that is, the voltage necessary to start a discharge or
electric arc, between two electrodes in a gas as a function of
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pressure and gap length. Paschen’s Law describes the point
of current flow through an ionizable gas between two
electrodes at a specific voltage. the breakdown voltage is a
function of pressure. Paschen’s Law is given by the equa-
tion:

Bpd

In(Apd) — ln[ln(l + %]] ’

where V is the breakdown voltage in volts, p is the pressure
in pascals, d is the gap distance in meters, y,, is the
secondary-electron-emission coeflicient (the number of sec-
ondary electrons produced per incident positive ion), A is the
saturation ionization in the gas at a particular E/p (electric
field/pressure), and B is related to the excitation and ion-
ization energies. The constants A and B are determined
experimentally and found to be roughly constant over a
restricted range of E/p for any given gas.

In according to one embodiment, hydrogen gas intro-
duced into the anode head and passes through the wall of the
anode head and into the cathode chamber and with current
and voltage applied according to Paschen’s Law, a plasma is
ignited in the cathode chamber. In certain embodiments,
once a plasma discharge has been started, the plasma dis-
charge is altered to include one or more stable double layers.
In one embodiment, the plasma discharge is altered by
increasing the applied current, voltage and/or pressure.
Referring to FIG. 6, in one embodiment, the plasma formed
is a dark quiescent plasma which includes at least one double
layer. Referring to FIG. 7 and FIG. 8, in another embodi-
ment, the plasma formed includes anode tufting and at least
one double layer. Referring to FIG. 9, in another embodi-
ment, the plasma formed includes symmetric concentric
spherical double layer shells. Referring to FIG. 10, in
another embodiment, the plasma formed is a quiescent
plasma which includes at least one double layer. Referring
to FIG. 11, in another embodiment, the plasma formed
includes asymmetric concentric spherical double layer shells
are asymmetric.

Referring to FIG. 12, the present inventor has measured
voltage drops between double layers. Moving away from the
anode head (shown on the left), in the plasma there is an
initial voltage drop for the first double layer which is just off
the surface of the anode head (in one embodiment, about
0.03 mm away from the anode), followed by an increase in
voltage and then voltage drops between subsequent double
layers.

In one embodiment, a concentric spherical double layer is
formed when in addition to the introduced gas, a catalyst is
present in at least trace amounts. The catalyst is a negatively
ionizing element or molecule. In one embodiment, the
catalyst is drawn from the anode. In another embodiment,
the catalyst is drawn from the cathode. In one embodiment,
the catalyst drawn from the anode or cathode is copper. In
another embodiment, the catalyst drawn from the anode or
cathode is tungsten. In another embodiment, the catalyst is
present or provided in the interior volume of the cathode
chamber. In one embodiment, the catalyst in the cathode
chamber is a gas. [n another embodiment, the catalyst in the
cathode chamber is an elemental gas or a molecular gas. In
certain embodiments, the catalyst is a gas selected from the
group consisting of one or more of nitrogen, acetone,
methanol, benzene, oxygen, and carbon dioxide.

Vg =
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Without wishing to be bound by theory, ions emanating
from the anode head and electrons emanating from the
cathode tend to become trapped in double layers thus
minimizing the number of ions reaching the cathode and the
number of electrons reaching the anode. In this way, dete-
rioration of the cathode from ion bombardment is mini-
mized. The double layers emit a continuous spectrum of
light from high frequency wavelength from at least the VUV
light to low frequency wavelength infrared light and black
body radiation spectrums.

The cathode chamber walls are thermally responsive to
spectral emission from the plasma and increase in tempera-
ture as a result. The cathode chamber walls are in contact
with water 78 in the boiler vessel and due to the thermal
conductivity of the cathode chamber walls, thermal energy
is transferred to the water 78 thus heating the water 78 and
forming steam 80 once sufficient thermal energy is trans-
ferred to the water 78.

Referring to FIG. 4, in another embodiment, the plasma
heating apparatus of FIGS. 1 to 3, is modified to include a
solid anode 82 rather than a hollow anode. The solid anode
82 head sits on a solid anode stem 84 which does not have
a central channel. The components of the plasma apparatus
according to this embodiment are otherwise the same as for
the embodiment of the plasma apparatus with a hollow
anode.

In operation, in the boiler vessel of FIG. 4, a gas which
functions as a fuel for the plasma generated is introduced
into the interior volume 56 of the cathode chamber via hose
fitting 58 and passage 54. In another embodiment, the gas is
a high molecular weight gas. In certain embodiments, the
gas is one or more of acetone, methanol, benzene, oxygen,
and carbon dioxide. In one embodiment, a catalyst is intro-
duced in at least trace amounts into the interior volume 56
in addition to the gas. In one embodiment, the catalyst is a
gas. In one embodiment, the catalyst gas is nitrogen.

Referring to FIG. 5, in one embodiment, a plasma heating
apparatus according to the embodiments of the present
invention can form part of a steam heating/power generating
system or plant. A vacuum pump 86 is used to form a
vacuum in the cathode chamber 28. The cathode chamber is
evacuated to the vacuum pump 86 via line 87. In one
embodiment, the vacuum generated in the cathode chamber
28 is a moderate vacuum. In certain other embodiments, the
vacuum generated is between about 10 mTorr and 500 Torr.
When an anode stem 92 with a hollow head 94 is used,
hydrogen gas to fuel the plasma is supplied under positive
pressure from gas tanks 86 via gas line 88 to hydrogen
filter/separator/generator/compressor 90 and then via gas
line 96 to the central channel (not shown) of the anode stem
92 and then the anode head 94. When the anode stem 92 and
the anode head 94 are solid, hydrogen has introduced from
the hydrogen filter/separator/generator/compressor 90 and
then via gas line 98. In certain embodiments, the gas is
introduced under a pressure ranging from about 20 psi to
about 1500 psi. The amount of pressure used can vary
depending upon the density and the thickness of the wall of
the anode head 94. The type of power and power frequency
and amount of Amps and Volts applied will vary depending
upon, for example, the size of the anode and the reactor and
the required number of energy states of the plasma double
layers.

The energy released by the plasma transfers through the
walls of the cathode chamber 28 and is absorbed by water
100 in the boiler vessel 102. Steam 104 can be generated
from the water 102 if sufficient energy is absorbed by the
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water 102. The steam can then be used in an energy system
to power a stream turbine, for example.
In the embodiment of F1G. 5, DC power is supplied to the
anode stem 92 and the anode head 94 from a battery pack
106. The battery pack 106 is connected to a power control
108 via electrical line 110. Electric power flows to the anode
stem 92 from the power control 108 via electrical line 112.
Water 104 is supplied from heat exchanger 114 via water
line 116 and enters the boiler vessel 102 at an inlet 118 and
generated steam 104 exits the boiler vessel 102 at an outlet
120. Heat exchanger 122 is connected to the anode stem 92
for removing heat from the anode stem 92. The heat
exchanger 122 is connected to the heat exchanger 114 via
lines 124 and 126. Heated fluid (not shown) from the heat
exchanger 122 is circulated via line 124 to the heat
exchanger 114 and is used to preheat water in the heat
exchanger 114 entering the boiler vessel 102 via water line
116. The heat exchanger 114 is also connected to a hydronics
system 128 via line 130. A water make-up 132 provides
water input to the heat exchanger 114 via water line 134.
Steam 104 is fed via steam line 136 to drive a steam turbine
138 which drives a DC generator 140. Electricity from the
generator 140 is fed to the power control 108 and can be
used as the power source once the system is generating
power rather than using power from the battery pack 106.
The battery pack 106 can also be recharged using power
from the power control 108. After passing through the steam
turbine 138, steam moves via conduit 140 to a condenser
142. Condensed water from the condenser 142 is fed via
water line 144 the heat exchanger 114. DC power not needed
for the operation of the system is converted to AC power
using an inverter (not shown) in the power control 108 and
can be fed via electrical line 146 into an electrical grid 148.
Accordingly, the present disclosure should only be limited
by the scope of the claims that follow.
What is claimed is:
1. A plasma heating apparatus comprising:
a boiler vessel for holding water to be heated,
a cathode housed in the vessel, the cathode defining a
watertight cathode chamber isolated from the water in
the vessel, and,
an anode housed in the cathode chamber, the anode
comprising
an internal passage for receiving a gas from outside of the
vessel when the passage is connected to a gas supply,
wherein the anode
is connectable to a power source for receiving power
for generating a plasma in the cathode chamber and,

includes a bulbous hollow anode head where the inte-
rior of the anode head is in communication with the
passage for receiving the gas, and

wherein the plasma comprises one or more double layers.

2. The plasma heating apparatus of claim 1, wherein the
double layers are concentric double layer shells.

3. The plasma heating apparatus of claim 2, wherein the
shells are symmetric.

4. The plasma heating apparatus of claim 2, wherein the
shells are asymmetric.

5. The plasma heating apparatus of claim 1, further
comprising a catalyst where the catalyst is a negatively
ionizing element or molecule.

6. The plasma heating apparatus of claim 5, wherein the
catalyst is drawn from the anode or the cathode.

7. The plasma heating apparatus of claim 5, wherein the
catalyst is present or provided in the cathode chamber.
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