3,110,294

5 Sheets-Sheet 1

B. C. G. NYMAN

METHODS AND APPARATUS FOR MIXING FLUIDS

Nov. 12, 1963
Filed Jan. 4, 1960

ATTORNEYS

T RN 272

N
L?l']

INVENTOR
&

¥ \o
N.ﬁ”ﬂ N M”WM
//AM,///% /
/,.//// 2 ‘,\,\\\\ \

A,

Msb\IVV/- AN [ X\
’ 7. _/ R L L L Ll LT

R A 4]

o
i
i
i
‘

AP 770




3,110,294

B. C. G. NYMAN
~ METHODS AND APPARATUS FOR MIXING FLUIDS

Nov. 12, 1963
Filed Jan. 4, 1960

5 Sheets-Sheet 2

2
_
| A N
N s NN
| \ %
{
/4 i J
i -
o)
P ” + m
7 z
f27
SN
"
Pt e g
MPZ I

P77

.-MNu o

ATTORNEYS




3,110,294

B. C. G. NYMAN
METHODS AND APPARATUS FOR MIXING FLUIDS

Nov. 12, 1963

5 Sheets-Sheet 3

1260

Filed Jan. 4,

NN

LTI T Ll rll L )

,: I |l|
SRS

N

/92,

TUIAEETTOILLII O I EITIELITT L FITEISIIII VNI SIEIEIITLLs

t
| I

[+
— e
= &3
zz e %oy 2
_ _ R A X
“ _ N
| _ S\ W
| ) 3
- e 777 R
| | e A\
ﬁ “ \1\\\ \\ / 2/ N
“ | K N
, f 4 .//
7N o
78"
2 92 -
+ 4 g 4 z
I\ LA
N Yot st

HIIIEOITILEOITETEILY. /\\\/\t\\\\\s e, m
=== AN

L

22 %"
I 1
A\, 2
(N #
s N
97 72

”

ATTORNEYS

Gt » #letlf

S 5

BY




Nov. 12, 1963 'B. C. G. NYMAN 3,110,294
METHODS AND APPARATUS FOR MIXING FLUIDS

Filed Jan. 4, 1960 5 Sheets-Sheet 4
N \
|
vy
N » Q\‘
1R ¥ | R
HITN \/ \/ \WARIl
+ | |
X |y ¥ N
! Tl LS N
- 7 \ S B
N l
- Ny R ’ |
il H
()
NERE
f | « <
$ | |
o NZRB Vg | \\’//\ \\'//§
\‘ |
\ | 4 ‘ :
- N
il
N
N N
LN /
0 i\
o / °]
N i INVENTOR
X N 5o Coer F Homiw

BY ?%,/% » i

ATTORNEYS




Nov. 12, 1963 B. C. G. NYMAN 3,110,294
METHODS AND APPARATUS FOR MIXING FLUIDS
Filed Jan. 4, 1960 5 Sheets-Sheet 5

T

ZONN=2W

2

7

#E

| N+
5 ;
N S 8
N
IR
R
SRl N 1N +
Y S
0 G S
N
| ‘
Ny VD §AUYWOHNIY ;
N L . ‘
N
X I
N
X \
‘FI ‘
: |
N
T/ X
‘ ;
N3 /f INVENTOR
50 Caer G Ao

|

ATTORNEYS




United States Patent O

3,118,254
Patented Nov. 12, 1963

e
1CC

1

3,110,294
METHODS AND APPARATUS FOR MIXING
FLUIDS

Bo Carl Gésta Nyman, Tyress, Sweden, assignor to Alwae
Taternational, Inc., Bahamas, British West Indies, a
corporation of Panama

Filed Jan. 4, 1960, Ser. No. 330
17 Claims., (CL 123—119)

This invention relates to method and apparatus for
mixing fluids, and more particularly involves a mixing
chamber that may be used in many mixing applications
such as internal combustion engines of the reciprocating
piston, gas turbine, turbojet and jet types, and in chemi-
cal processes, and for the generation of large volumes of
gases for heating and generation of ionic winds and the
like.

To obtain a thorough mixing of a first medium, e.g.,
combustive, but with a second medium, e.g., combustible,
in a mixing chamber for eventual combustion, it is in-
dispensable that some kind of turbulence be created in
the flnid within the chamber. In known combustion
chambers, turbulence in the fluid is conventionally created
by one or more obstacles, either rigid or constituted by
jets of an auxiliary fluid. These obstacles have the inher-
ent disadvaniage of creating zones where the fluid is not
in proper circulation and thereby resulis in a loss of
energy. The application of the present invention to com-
bustion chambers, such as for example those used in in-
ternal combustion engines and as hereafter described is
advantageous in that it aids in the proper mixing of the
gases, the elimination of pulsations and noise and rela-
tively clean combustion.

The improved results obtained by my present invention
are attributable in large part to the fonization of gases and
gaseous mixtures to increase their volume, the efficiency
of reaction and hence their conversion into energy. I
have discovered that the efficiency of fuel consumption
and power produced for the development of energy is
greatly improved by ionization which may result in dis-
sociation of gaseous fuel mixtures under controlled con-
ditions of iemperature and pressure.

In general, my improved methods comprise a step of
ionizing the air-fuel mixture, either prior to ignition or in
the combustion chamber to thereby increase the volume of
the products of combustion, their velocity away from the
zone of ignition, and the efficency of mixing and com-
bustion with the concomitant development of reduced
pressures for the creation of a strong intake suction of
the air-fuel mixture into the combustion zone after initia-
tion of combustion. The resulting increase in efficiency
of reactivity, energy release, gaseous thrust development,
control and economy are marked, unexpected and sur-
prising.

The benefiis of my present invention can be realized
to a substantial degree in many conventional types of in-
ternal cornbustion engines, oil burning combustion cham-
bers and like by the addition of ionizing equipment at or in
advance of the ignition zone to increase the volume and
velocity of burning fuel mixture as well as the homo-
geneity of the air-fuel mixture. A further essential novel
element of my present discovery is the utilization of a
magnetic stabilizing field at the ionizing zone (the ionizing
effect occurring at relatively low voltages) to control the
ion flow pattern for maximum utilization.

Yarious prior efforts have been made to utilize ioniza-
tion to increase reactivity of gases and vapors, but so
far as I am aware, the prior efforts have not gone into
substantial commercial use. In United States Patents
Mo. 2,583,898 and 2,766,582 various proposals have been
made where ionization is effected in the absence of mag-
netic fields and with ionizing potentials of at least 400
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volts or higher. In the United States Patent MNo. 2,766,~
582, ionization of a dielectiric type fuel prior to vaporiza-
tion is disclosed. My invention differs from such prior
efforis in iomnizing the mixiure to be reacted in the
gaseous or vapor phase, by utilization of a magnetic field,
with ionizing potentials preferably of the order of from
about 6 to 120 volts, depending upon the size of the
equipment used and the mixtures to be reacted, and in
certain applications under high temperature and sub-
atmospheric pressures. While higher voltages may be
used, optimum resulis have been secured with mixtures
so far reacted with relatively low voltages and little if any
change is noted by the application of much higher voli-
ages. While I am aware that magnetic fields have been
utilized in the ionization and dissociation of gases in
equipment such as Phillips vacuum and pressure meters,
and in cyclotrons, I am not aware of any use of a mag-
netic field to increase reactive efficiency of gaseous mix-
tures.

The primary object of my invention is to provide novel
methods and apparatus for the ionization and utilization
of gases, gaseous mixtures, vapors and the like.

Another primary object of this invention is to provide
novel methods and apparatus for the improvement of
chemical reactivity of gaseous and vapor phase mixtures.

A further object of the present invention is the im-
provement of efficiencies and simplification of equipment
for the development of heat energy and thrust from fuel
in heat engines, internal combustion engines and fuel
burners of well-known types and common use.

Still a further object of this invention is to provide
method and means for ionizing the gaseous combustile
mixture in the presence of the magnetic field cither in a
fuel mixing chamber prior to ignition of the mixture or
in the combustion chamber.

Other detailed objects of my invention will be apparent
from the foregoing general and the following detailed
descriptions, from the claims, and from the appended
drawings, wherein:

FIGURE 1 is a longitudinal view in section of a mixing
chamber showing the jonizing electrodes and the means
for producing a magnetic ficld, which chamber is adapted
for replaceemnt of or use in conjunction with conven-
tional carburetors of gasoline motors, spray nozzle equip-
ment of diesel and solid injeciion type gasoline engines
and supply of gaseous fuel mixtures to combustion cham-
bers and oil, vapor and gas burners and the like;

FIGURE 2 is a cross sectional view of the mixing
chamber of FIGURE 1;

FIGURE 3 is 2 longitudinal view in ssction of a portion
of an L-head piston engine and intake manifold whereby
the usual carburetor has been replaced by the present
invention;

FIGURE 4 is a similar illustration of an overhead
valve type piston engine;

FIGURE 35 is a longitudinal view of an overhead valve
internal combustion engine having a tunable intake mani-
fold between the carburetor and the cylinders with
ionization and magnetic field of the present invention
added for effecting improved air-fuel mixture;

FIGURE 6 is a longitudinal view in section of a mix-
ing chamber in accordance with the present invention
adapted to be used with a turbine or with an oil burner
combustion chamber;

FIGURE 7 is a view in section similar to FIGURE 6
and which is provided with a series of separate ionizing
stages and magnetic fields along the combustion chamber;

FIGURE 8 is a longitudinal side elevation view in sec-
tion of a conventional ram jet engine modified in accord-
ance with the present invention to provide improved mix-
ing of the air and fuel prior to combustion;
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FIGURE 8A is a partial end view of the lower pair of
clectrodes taken along lines A—A in FIGURE 8; and

FIGURE 9 is a longitudinal side view in elevation in
section of a conventional turbojet modified in accord-
ance with the present invention to provide one or more
pairs of ionizing terminals and magnetic fieids for act-
ing upon the fuel-air mixture in the combustion chamber.

Referring now to FIGURES 1 and 2, the invention re-
lates to an air-fuel mixing or combustion chamber 19
having tubes 12 which serve as means through which a
liquid or gaseous fuel is fed into chamber 1$ for mixing
with an oxidizing element, such as air, that is supplied
to the left hand side of chamber 18 as viewed in FIG-
URE 1 through suitable valve means 14. In accord-
ance with the present invention, a superior atomization
and mixture of the fuel and air is provided by applying
an ionizing potential through electrodes 20 and 22 which
extend through the walls of chamber 1@ and the thorough-
ness of this mixture is further enhanced by application
of a magnetic field at or near the place of ionization as
by permanent magnets 24 and 26. The direction of the
magnetic field is perpendicular to the current path be-
tween electrodes 29 and 22 of chamber 13.

The homogeneous diffusion or mixture of the fuel and
air, which results in improved output through higher
combustion efficiency of the fuel in an internal combus-
tion engine or burner as will be described in greater de-
tail below, is effected by first converting the particles or
molecules in chamber 18 into charged ions at the region
adjacent terminals 28 and 22. It appears that some dis-
sociation of the molecules may occur. As the charged
particles pass through the magnetic field supplied by
magnets 24 and 26 along chamber 10 toward the region
of low pressure as combustion takes place, there is in-
duced in such charged ions or particles, a component
of force resulting in movement of the charged particles
in a direction perpendicular to the axial flow of the air-
fuel mixture along chamber 18. The negatively charged
particles and positively charged particles are deflected in
opposite directions when moving through the magnetic
field in a manner analogous to the movement of elec-
trical charges in a conductor cutting the flux lines of a
magnetic field in a dynamo which generates an electrical
potential.

The walls of chamber 18 accordingly are made of non-
magnetic materials, such as aluminum, or an insulating
non-conducting plastic material, such as for example poly-
ethylene or of a heat resistant, non-magnetic insulating
material such as non-magnetic stainless steel where com-
bustion takes place in chamber 18. The permanent mag-
nets 24 and 2§ may be a ferrite and polarized as shown
in FIGURE 2 to provide a sufficient magnetic field across
chamber 10. While various configurations of permanent
magnets may be used to provide a magnetic field across
chamber 18, I have found that the use of a pair of ar-
cuately shaped magnets having the inner arcuate surface
and the outer arcuate surface polarized in opposite direc-
tions as arked in FIGURE 2 is sufficient to materially
improve the air-fucl mixiure and the resulting efficiency
of combustion.

Magnetic rubber, as developed by the Goodyear Com-
pany, may also be used by wrapping around and along
the full length chamber I8, which it serves as a pre-ig-
nition ionizing section and the temperatures are not tco
high, to advantage.

Electrodes 28 and 22 are made of a suitable conducting
material that is not corrosive, such as copper or brass,
and are preferably mounted through the walls of cham-

er 10 in such a manner as to be sealed and to be in-
sulated from one another. If the walls of chamber 10 are

electrically conductive, then insulation bushing 28 or rub-
ber or like material is used around at least one of the
elecirodes 28.

The magnitude of the voltage applied to electrodes 20
and 22 depends upon the spacing between the electrodes.
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With a spacing of about 50 niillimeters, voltages on the
crder of from 5 to 100 or 200 volts are satisfactory for
effecting ionization of the air-fuel mixture. In practice,
I have found that 40 volts D.C. produces satisfactory
ionization and that little or no increase in efficiency re-
sults from the application of higher voltages, or from the
use of an alternating voltage. A battery 3% or other con-
ventional source of D.C. voltage and variable resistor
3% may be used to supply the ionizing potential to elec-
trodes 26 and 22.

The fuel and air mixing techniques discussed above
may be used in conjunction with internal combustion en-
gines of several types. For example, in FIGURE 3 block
32 may be part of an L-head type reciprocating piston
engine having spark plug 34 may be gencrally of the type
as illustrated in United States Patent No. 2,563,939.
Each cylinder has an inlet port 36 and individual right
angie pipe elbows 38 cast integrally with header 48 which
extends longitudinally of the engine. Header 48 is pro-
vided with an inlet 42 which extends upwardly there-
from at the central portion of the manifold header 490
and is adapted to receive upon its upper end the tisual
form of air cleaner 43. In this embodiment, the fuel
line is shown connected to a fuel feed tube 44, the end
of which injects the fuel with the air at the region of
electrodes 28 and 22, which are encompassed by the mag-
netic field supplied by the magnets as shown in FIG-
URES 1 and 2, magnet 24 only being illusirated in FiG-
URE 3. The mixing of fuel and air takes place not only
by the usual turbulence, but the foregoing arrangement
of parts is effective to produce the improved mixture of
fuel and air with the resulting increase in the engine cut-
put due to improved efficiency of combustion.

In FIGURE 4 a similar arrangement is shown for feed-
ing the air-fuel mixture to the fuel input manifold of
and over-head valve type engine comprising a cylinder 59
having piston 52. In this embodiment the fuel inlet
chamber 42 contains the electrical terminals 20 and 22
across which the ionizing potential is provided at the
region of the magnetic field provided by the magnets,
only magnet 24 being shown in FIGURE 4. Fuel is sup-
plied through fuel feed tube 44 and air from air cleaner
43 in a conventional manner.

FIGURE 5 shows an embodiment of an internal com-
bustion engire having the usual carburetor 62 for effect-
ing the original air-fuel mixture and an intake duct 69
between carburetor 62 and a cylinder head having valve
64 and spark plug 66. Tube 60 is preferably formed of
two or more telescoping sections 67 and 68 to be variable
in length and the tube length is varied until the engine
shows maximum performance. Such tubes in ordinary
automobile engines should have a length in the range of
from 25 to 45 inches between carburetor 62 and the intake
valve 64.

A separate pair of ionizing electrodes 20 and 22 are
mounted in each of tubes 67 and 68. In tube 68, the
orientation of the electrodes 2¢ and 22 and the magnetic
field are rotated 90° from the position of the correpond-
ing parts in tube 5. This orientation has the effect of
more completely mixing the ionized particles to aid fur-
ther in effecting a complete mixture of the fuel and air.
By displacing the two sets of electrodes and magnetic
fields 90° with respect to each other, the stream of air
and fuel molecules passing along tube 68 at a position
to be least affected by the ionizing potential will be in
the maximum eclectric field provided by the terminals in
tube 67.

With tubes of the foregoing length; it is preferable to
provide more than one magnetic field since each time
ionized or electrically charged particles pass through a
magnetic field, additional mixing is provided. As ioniza-
tion may be neutralized through the recombination of op-
positely charged particles as the air-fuel mixture passes
through duct 60 and to effect a more complete ioniza-
ticn and possibly dissociation prior to combr stion, it is
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desirable to place a second pair of ionizing electrodes
downstream from the carburetor in tubte €7 fo effect 2
re-ionization of the air-fucl mixture before it passes
through the downstream magnetic field.

The purpose of using a long duct 60 of variable length
is to gain the advantage of the added pressure in duct 6%
due te a reflected wave which will give a pulse of pres-
sure above atmospheric, and a definite super charging
effect on power and torque, where the total length of the
intake duct is selected to get the pressure wave to the
cylinder when the piston is at the end of the suction
stroke. Such an arrangement results in optimum output
from the engine due to a combination of a thoroughly
mixed air-fiiel mixture and to the added pressure in the
piston due to the reflected wave through duct 60.

1n each of the embodiments of 3, 4 and 5, clectrodes

20 and 22 are obviously electrically insulated from one
another as explained in connection with FIGURES 1 and
2, and the walls must be of a non-magnetic material as
described above to provide a magnetic field across the
mixing chamber.

In FIGURES 6 and 7, two embodiments of the present
invention are illustrated wherein the jonization potential
and magnetic field are applied either in the combustion
chamber or at the position where combustion of the
fuel-air mixture is initiated.

Considering FIGURE 6 first, the mixing or combus-
tion chamber walls 78, which are préferably of a non-
conducting, non-magnetic material are closed at the up-
stream end by a hemispherical section 72 through which
fuel injection tube 74 and air supply tubes 76 and 78
are mounted. Tonizing electrodes 2§ and 22 are of iden-
tical construction to that shown in FIGURE 1 and, if
the material of wall 7§ is an electrically conducting ma-
terial, at least one of the terminals 2% or 22 must be
insulated from wall 78. Permanent magnet 24 is the
only magnet shown in this embodiment, magnet 26 being
also present to provide a magnetic field across the
mixing chamber at the region of the ionizing terminals
29 and 22 to effect a mixing of the fuel from nozzle
74 and air from taubes 76 and 78. Suitable means for
producing an ignition spark such as spark plug 8¢ may be
provided in walls 70 of the mixing chamber upstream
of the ionizing terminals and magnetic field to thereby
initiate combustion of the fuel and air mixture. A suit-
able nozzle, such for example as that shown in United
States Patent No. 2,538,460 to Kaveny, may be provided
at the downstream end to adapt this mixing chamber
for use with a typical oil fired furnace whersby the flame,
during operation would be downstream of terminals 28
and 22, or alternatively the combustion may take place
at or about the location of terminals 28 and 22.

T the embediment of FIGURE 7, three pairs of elec-
trodes and ‘separate magnetic ficlds are provided at spaced

- positions along the combustion chamber 78. Fuel is sup-
plied through tube 74 and air is introduced into chamber
76 through louvres or slotted openings 82. Spark plug
89 is positioned in the hemispherical end wall 72 to
cause ignition of the fuel and air mixtare. Combustion
is initiated at or slightly downstream of the first pair
of electrodes 26 and 22. As combustion continues,. the
fuel and air mixture is further mixed by the second pair
of electrodes 24’ and 22’ and by the third pair of elec-
trodes 26" and 2277 and their respective magnetic fields.

The sccond pair of electrodes 29 and 22 may be
rotated through an angle of 120° relative to the orienta-
tion of the first pair of electrodes 28 and 22 as shown
in FIGURE 7 and the third pair of electrodes 29 and
32 are then rotated through a further 120° to thereby
be oriented symmetrically with respect to the orientation
of the first two pairs of electrodes. e application of
the ionizing potential along thiee azes, each rotated 120°
with respect to the other, effects a helical path fo the
charged particles as they pass through the combustion

10

15

20

25

30

40

69

6
chamber and also a more complete ionization of the
particles forming the air-fuel mixture.

At the locations of each of the three pairs of elec-
trodes, the magnetic field extends across the combustion
chamber in a direction perpendicular to the electric
field between the electrodes 29 and 22, and is provided
as by the arcuate magnets 24 and 26 which are rotated
toc have the same position relative to their respective
electrodes. This has the effect of preducing a further
force on the electrically charged particles as they pass
through the combustion chamber 78 in varying direc-
tions to thereby further reduce dead areas of poor circula-
tion and mixing in the combustion chamber which result
in pulsations and poor combustion.

In one embodiment where I have used multiple tandem
magnetic fields and ionizing electrodes, a voltage of about
40 volts between electrodes 2% and 22 that were about
50 mm. apart and a longitudinal spacing between the
pairs of ionizing electrodes or approzimately 50 mm.
were satisfactory. IY dimensions are not critical,
but are simply given by way of illustration.

In FIGURE 8, a ramjet is illustrated in longitudinal
section, the conventional showing being modified by the
addition of the means for providing magnetic fleld and
the iomizing terminals in accordance with the present
invention. The generally cylindrical outer shell 189 has
an air entry or nose section 182 and a combustion chain-
ber 184 with a cenirally disposed air-fuel mixing cham-
ber 106. If desired, an air guide cone 1§38 may be used
o serve as a compressor. Idear the rear portion of air
guide cone 188, a fuel ring 118 is provided having nozzles
112 through which fuel is sprayed into mixing chamber
196, At the downstream end of mixing chamber 186,
a fame holder 114 is provided which conventionally
serves to hold the leading edge of the flame on the down-
stream side of flame holder 1214 to prevent the flame
from advancing into the mixing chamber 186.

Because of the relatively large diameter of the air-fuel
mixing chamber 106, it has been found desirable to pro-
vide four ionizing electrodes 11§, 118, 120 and 122.
Alternate electrodes are connected to the same terminal
on the voltage source as indicated in the drawings. - Elec-
trodes 135 and 122 on opposite side walls 180 are in-

age
ool

of mixing chamber 185. Electrodes 1i8 and 128 are
arcuately shaped about center lines 124 and 126 with
opposite ends thereof secured to the outer wall 100 of
mixing chamber 106, a partial view of the lower pair of
electrodes being shown in FIGURE 8A. The negative
voltage on electrode 128 is supplied through lead 128,
which may be supported at one end by air guide cone 198,
and pass through the inside of the guide cone as illustrated
and to the outside of walls 160 along a support member
(not shown) for air guide cone 188. Ioamizing electrode
11% is connected by lead 139 to a positive terminal on the
voltage scurce through wires which are mounted similarly
to wire 128.

The mageetic ficld may be provided by any conven-
tional means that is effective for producing a magnetic
field across chamber 184 of sufficient strength. In the
illustrated embodiment, a pair of arcuate magnets are
contemplated, though only magnet 24 is illustrated in
FIGURE 8. By the present invention, a superior mixing
of the fuel and air results in chamber 184 so that a greater
thrust is obtained from the ramjet tham is obtainable
without the magnetic field and ionizing potential.

In FIGURE 9, the present invention is shown applied
to a terbo-jet engine of generally conventional design,
except for the use of ionization electrodes and the mag-
netic field. Such an engine conventionally comprises an
air inlet or nose portion 348, downstream of which are
fuel orifices 142 that supply fusl in an atomized condi-
tion, which then passes through compressor 144 into the
combustion chamber. Combustion is effected by any
conventional means, such as spark plug 146, and in this
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embodiment the usual turbine 148 and nozzle 159, which
in the drawings are diagrammatically illustrated are down-
stream of the combustion chamber. Around the com-
bustion chamber are magnets 152 and 154 which provide
a magnetic field across the combustion chamber at the
region of the electrodes 156, 153, 168 and 262, these elec-
trodes beinig connected to the respective megative and
positive terminals of a D.C. source of voltage as indicated
in the drawing. The magaetic fields and the electric fields
may have the same orientation or, if desired, one or both
of the fields at the downstream pair of electrodes may be
reversed.

In this embodiment, the ionization and dissociation of
the air and fuel molecules take place in the combustion
chamber to thus effect a more complete burning of the
fuel thereby resuiting in a greater cutput force and higher
efficiency than is provided without the use of the ionizing
electrical terminals or the magnetic field.

The invention may be embodied in other specific forms
without departing from the spirit or essential character-
istics thereof. The present embodiments are therefore
to be considered in all respects as illustrative and not
restrictive, the scope of the invention being indicated by
the appended claims rather than by the foregoing descrip-
tion, and all changes which come within the meaning and
range of equivalency of the claims are therefore intended
to be embraced therein.

What is claimed and desired to be secured by United
States Letters Patent is:

1. In combination, a chamber for mixing a combustible
mixture of a plurality of elements, means for supplying
each of said elements to said chamber, a pair of spaced
electrical terminals mounted in walls of said chamber,
means for applying an electrical potential to said terminals
for effecting ionization of said elements, the magnitude of
said potential being insufficient to cause arcing and means
for applying a magnetic field across said chamber through
which said ionized elements pass, the direction of the
magnetic field being substantially perpendicular to the
direction of an electric field resulting from application of
the -electrical potential to said terminals.

2. The combination as defined in claim 1 wherein said
chamber includes means for effecting combustion of said
elements in said chamber.

3. The combination as defined in claim 1 further com-
prising a combusticn chamber and means for feeding
said mixture of elements from said first-mentioned cham-
ber to said combustion chamber before the effect of said
ionization and magnetic field dissipate.

4. In combination, a chamber having generally cylin-
drical walls and open at opposite ends for mixing a com-
bustible mixture of a plurality of elements, means for
supplying each of said elements to one end of said cham-
ber and for removing the mixture from the other end of
said chamber, means for preducing a magnetic field across
said chamber, a pair of electrodes on opposite sides of
the cylindrical wail, and means for connecting a voltage
to said electrodes for effecting ionization of particles form-
ing said elements at the location of said magnetic field,
the magnitude of the voltage being insufficient to cause
arcing, and the direction of said magnetic field being sub-
stantially perpendicular to a line between said electrodes.

5. In combination, a chamber having generally cylin-
drical walls and open at opposite ends for mixing a com-
bustible mixture of a plurality of elements, means for
supplying each of said elements to one end of said cham-
ber and for removing the mixture from the other end of
said chamber, means for producing a magnetic field across
said chamber, a plurality of pairs of electrodes spaced
along said chamber, the different electrodes of each pair
being on diametrically opposite sides of the chamber walls,
and means for connecting positive and negative terminals
of a power supply across each pair of electrodes, the one
electrode in each pair connected to one of the power
supply terminals being displaced arcuately around the
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periphery of the tube from the one electrode of an ad-
jacent pair of electrodes, and the magnetic field at each
pair of electrodes being oriented to have its flux lines
disposed in a direction substantially perpendicular to the
ion current flow between said pair of terminals through
the mixture.

6. In combination with a reciprocating piston engine
of the type having a plurality of cylinders and pistons,
means for supplying a gaseous fuel-air mixture for com-
bustion in said cylinders comprising a fuel-air mixing
chamber having non-magnetic walls with electrodes on op-
posite sides of said walls, means for producing a magnetic
field across said chamber at the location of said elec-
trodes, means for applying a voltage to said electrodes for
effecting ionization of the fuel-air mixture, and means for
supplying fuel and air to said mixing .chamber.

7. Apparatus for increasing the efficiency of reaction of
a gaseous mixture comprising in combination, a mixing
chamber, an input duct for said chamber and through
which said gaseous mixture passes into said chamber, ion-
izing means for said mixture embodying spaced ionizing
electrodes mounted to ionize said mixture in a magnetic
field between and through which said mixture is passed, the
direction of said magnetic field being substantially perpen-
dicular to the direction of an electric field between said
electrodes.

8. Apparatus as set forth in claim 7 wherein said ioniz-
ing means embodies a plurality of magnetic field zones
each having a pair of ionizing electrodes, said magnetic
field zones being spaced along said duct through which
said mixture passes successively, the direction of the mag-
netic and electric fields at successive zones in said duct
being angularly dispiaced with respect to each other.

9. In a methed of improving the combustion efficiency
cf a gaseous air-fuel mixture, the steps of applying an elec-
tric field to cause ionizing of said gasecus mixture, and
directing said ionized gasecous mixture through a magnetic
field at a locaticn where ignition of said mixture occurs,
said electric field being of insufficient magnitude to cause
arcing.

10. The method as defined in claim 9 wherein the elec-
tric field is applied at the location of the magnetic ficld;
and in a direction perpendicular to the direction of gase-
ous mixture flow,

11, The method as defined in claim 9 wherein the elec-
tric field is applied at the location of the magnetic field,
and in a direction perpendicular to the direction of the
magnetic field.

12. A method of reacting air-fuel fluid materials com-
prising the steps of: providing means having walls for
guiding said fluid materials along an axial flow path; mix-
ing the materials in said means by continuously subject-
ing particles forming said fluid materials to mutually per-
pendicular electric and magnetic fields that are also per-
pendicular to the axial flow of said material, the electric
field being of insufficient magnitude to cause arcing; and
immediately thereafter while the mixing effect of said
electric and magnetic fields remains effective, causing
combustion of said mixture.

13. Apparatus for increasing the efficiency of reaction
of a gaseous air-fuel mixture comprising in combination
with a combustion chamber, ionizing means for said mix-
ture embodying spaced ionizing electrodes mounted to
ionize said mixture in a magnetic field between and
through which said mixture is passed, the direction of the
magnetic fleld being substantially perpendicular to the
direction of an electric field between said electrodes and
the magnitude of the electric field being insufficient to
cause arcing.

14. Apparatus as defined in claim 13 wherein the com-
bustion chamber has an inlet and an outlet for the gaseous
mixture to provide a flow path in a predetermined direc-
tion which is substantially perpendicular to the directions
of both of said magnetic and said electric fields between
said electrodes.
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15. Apparatus for increasing the efficiency of reaction
of a gasecus mixture comprising in combination with a
mixzing chamber, ionizing means for said mixture embody-
ing a plurality of spaced magnetic field zones and spaced
jonizing electrodes mounted to ionize said mixture in 2
magnetic field zone between and through which mixture
is passed, the direction of the magnetic field being sub-
stantially perpendicular to the directicn of an eieciric field
between said electrodes, the ionizing electrodes being ro-
tated relatively to cne another along 2 path for said gase-
ous mixture and through which said mixture passes suc-
cessively, and the magnitude of the eleciric field being in-
sufficient to cause arcing.

16. Apparatus as defined in claim 15 wherein the mix-
ing chamber has an inlet and an outlet for the gasecus mix-

o

ture to provide a flow path in a predetermined direction
which is substantially perpendicular to the directions of
both of said magnetic and said electric fields between said
electrodes.
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17. Apparatus as defined in claim 7 wherein the mixing
chamber has an inlet and an outlet for the gaseous mix-
ture to provide a flow path in a predetermined direction
which is substantially perpendicular to the directions of
both of said magnetic and said electric fields between said
clecirodes.
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