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(54) LIQUID FUEL MODIFYING DEVICE

(57)  Alight, compact and low-cost liquid fuel reform-
er for removing the harmful substances within the ex-
haust gas discharged from vehicles having two magnet
holding cases (3, 3" accommodating respectively ani-
sotropic metallic materials (7, 7'). The magnet holding
cases (3') and (3) are magnetically secured each other
at respective commissure (3a, 3a'), pinching connecting
tube (24) made of nonmagnetic material through which

the liquid fuel flows. The magnetic fields generated by
the anisotropic magnetic materials (7) and (7') are or-
thogonal to the connecting tube. The connecting tube
has an outer tube (24A) made of nonferrcus metal and
an inner tube (24B) made of nonferrous metal. These
two types of nonferrous metal are selected so as to gen-
erate an electric potential difference between the outer
tube (24A) and the inner body tube (24B).

FIG. 2
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Description
Field of Invention

[0001] This invention relates to a liquid fuel reformer
forreforming materials included in liquid fuel for gasoline
engines or diesel engines and causing Carbon Monox-
ide (CO), Carbon Hydride (HC), Nitrogen Oxide (NOx),
black smoke and others in exhaust gas exhausted from
vehicles.

Background of the Invention

[0002] In order to remove the harmful substances
such as CO, HC or NOx, ete. included in exhaust gas
from vehicles, installing a catalytic converter in the ex-
haust system from engine to muffler has been widely
adopted. As a catalytic converter, the three-element cat-
alyst converter that uses Platinum (Pt), Palladium (Pd),
Rhodium (Rh), Zeolite, etc. is used mostly common.
This three-element catalyst converter is formed in hon-
eycomb-like structure made of these materials. While
the converter is used, exhaust gas with a temperature
of 800°C is passed through the opening part of the hon-
eycomb structure, so that oxidation and reduction with
the harmful substances within the exhaust gas may take
place. Poisonous CO and HC are oxidized to generate
harmless CO, and H,0, respectively. Furthermore, poi-
sonous NOx is deoxidized to generate harmless N, and
O,. This is the principle of the three-element catalyst
converter's operation. This three-element catalyst con-
verter may take a shape of planular, elliptic cylinder, with
a longitudinal size of 20-50 ¢m and a thickness of 10-20
cm. Weight of the unit including accesscries is 10-20 kg.
[0003] ©On the other hand, in case of Diesel engines,
mixed gas self-ignites by compression in the combus-
tion chamber, and then the exhaust gas is evacuated
through the exhaust pipe. Due to this operation princi-
ple, it is impossible to have the mixed gas completely
combusted. Therefore, in case of Diesel engine, it is dif-
ficult to suppress the black smoke that is generated ac-
companying with imperfect combustion. The black
smoke causes not cnly generation of air pellution, but
also generation of a highly toxic dioxin or a carcinogenic
substance by reacting with Cl, etc. At present, Diesel
Particular Filter (DPF) consisting of an afterburner and
a replaceable filter has been installed at the exhaust
side in order to remove the black smoke generated from
Diesel engine.

[0004] Exhaust gas regulations being strengthened,
it has become necessary to install two or three catalyst
converters in the exhaust system of the gasoline engine
vehicles. Fig. 1 shows three catalyst converters
equipped to a vehicle. The three-element catalyst con-
verter 1 are provided in series between the exhaust
manifold 2 and the muffler 4 in the exhaust system start-
ing from the engine 5 and reaching the muffler 4. As de-
scribed above, since the three-element catalyst convert-
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er has a substantial volume, there is a problem of diffi-
culty to reserve a room to place two or three catalyst
converters. In addition, since the catalyst converter has
a significant thickness of 10 cm, when this is installed
on the vehicle's floor, the vehicle's floor must be raised
up, which results in a problem that decreases the inner
space of the vehicle.

[0005] Furthermore, since the weight of the catalyst
converter is 10-20 kg per unit, installing three catalyst
converters means that the total weight of the vehicle in-
creases by some tens of kilograms. Also, since the DPF
is as heavy as 100 kg per unit, a problem of weight in-
crease in case of Diesel engine is more serious than the
case of gasoline engine. Such an increase of weight
generates another problem of too much consumption of
fuel. In addition, since the DPF is very expensive, it
causes a problem of cost when DPF is equipped to ve-
hicles.

[0006] Accordingly, the purpose of the inventicn is to
provide a compact, light and low-cost liquid fuel reformer
enabling to remove harmful substances from exhaust
gas of vehicles.

Summary of the Invention

[0007] The above purpose of the invention is
achieved by a liquid fuel reformer consisting of one mag-
net holding case made of magnetic material accommo-
dating one anisotropic magnetic material and

another magnet holding case made of magnetic
material accommodating another anisotropic magnetic
material,

one magnet holding case and another magnet
holding case being magnetically secured so as to con-
struct a part of magnetic induction circuit at each com-
missure, pinching the connecting tube made of nonmag-
netic material through which the liquid fuel flows,

the magnetic fields generated by one anisotropic
magnetic material and another anisotropic magnetic
material being orthogonal to the connecting tube,

characterized in that the connecting tube consists
of an outer tube made of nonferrous metal and an inner
tube made of nonferrous metal which is different from
that of the outer tube, accommeodated inside the outer
tube, and has a flowing path extended fromthe inlet side
to the outlet side of the connecting tube between the
surface of the inner tube and the inner surface of the
outer tube, and

these two kinds of nonferrous metal are selected
s0 as to generate an electric potential difference be-
tween the outer tube and the inner tube consisting of
one magnet holding case made of magnetic material ac-
commodating an anisotropic magnetic material and

another magnet holding case made of magnetic
material accommodating an anisotropic magnetic mate-
rial,

one magnet holding case and another magnet
holding case being stuck magnetically each other so as
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te construct a part of magnetic induction circuit at each
commissure and to pinch the connecting tube made of
nonmagnetic material through which the liquid fuel
flows, and in the liquid fuel reformer in which the mag-
netic fields that are generated by the one type and the
opposite type of anisotropic magnetic materials are
crossing orthegonally to the connecting tube,

characterized in that the connecting tube consists
of an outer tube made of nonferrous metal and an inner
tube made of nonferrous metal which is different from
that of the outer tube, accommodated inside the outer
tube, and has a flowing path extended from the inlet side
to the outlet side of the connecting tube between the
surface of the inner tube and the inner surface of the
outer tube, and

these two kinds of nonferrous metal are selected
s0 as to generate an electric potential difference be-
tween the outer tube and the inner tube.
[0008] On the metallic elements residing in the liquid
fuel within the connecting tube to which a magnetic field
is vertically applied, static charges are generated.
These charged metallic elements are removed from lig-
uid fuel by Lorentz ferce. As the result, the liquid fuel
after passing through this liquid fuel refermer never gen-
erates black smoke or dioxin, etc.
[0009] Onthe otherhand, by applying a magnetic field
to the liquid fuel flowing through the connecting tube, an
electromotive force is generated in the liquid fuel, which
fines the chain bond of carbon hydride compound in the
liquid fuel. When the chain bond of carbon hydride com-
pound is fined, surface area of fuel increases due to the
drop of combustion temperature. When the combustion
temperature drops, NOx is not generated, combustion
is accelerated, generation of black smoke is suppressed
owing to perfect burning, and the combustion efficiency
is improved.
[0010] There exists an electric potential difference
(assuming the standard potential as H = 0 V) between
these two different type nonferrous metals, respectively
constituting the outer tube and the inner tube. That is, a
battery is formed between the outer tube and the inner
tube. The electric potential difference, in addition to the
above electromotive force, also acts to fine the chain
bond of carbon hydride in liquid fuel flowing through the
outer path and the inner path. Thus, owing to those both
operations, chain bond of carben hydride is efficiently
fined. This is the reason why the liquid fuel reformer of
the invention can dramatically decrease the amount of
generation of CO, HC, NOx and black smoke from the
exhaust gas.
[0011] The liquid fuel reformer of the invention is char-
acterized in that the outer tube is made of nonferrous
metal that generates a positive unipolar potential and
the inner tube is made of nonferrous metal that gener-
ates a negative unipolar potential.
[0012] It is desirable to use such a nonferrous metal
with physico-chemical characteristic which is hard to be
oxidized or corroded, has a small ionization tendency,
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and is monovalent, bivalent or trivalent, and whose un-
ipolar potential is positive, more specifically, Au, Ag Cu
or Pt as a material of the outer tube.

[0013] On the other hand, as a material of the inner
tube, it is desirable to use such a nonferrous metal with
physice-chemical characteristic which has a large ioni-
zation tendency, and is menovalent, and whose unipolar
potential is negative, more specifically, Ti, W, or Al.
[0014] The liquid fuel reformer characterized in that
the anisotropic magnetic body has a rectangular shape
top surface of which is rectangular generates stronger
magnetic field compared with other one whose top sur-
face is not rectangular (for example, circular).

[0015] The liquid fuel reformer characterized in that,
at the corner of the magnet holding case, a curve with
a bent angle of 56°or more may realize a strong mag-
netic induction closed circuit without magnetic flux leak-
age. The magnetic induction closed circuit means the
circuit magnetic in which filed does not exist outside the
magnet holding case.

[0016] In this patent application, the "liquid fuel"
means any liquid-state fuel including carbon hydride
(CH) in nature, such as gasoline, light cil, kerosene,
heavy oil, or ethanol.

[0017] In this patent application, the "vehicle" means
any kind of land mobile measures utilizing a gasoline
engine or a Diesel engine, such as a car, a truck, a bus,
a Diesel car, a shovel car, a motorbike, a snow mobile,
etc. The gasoline engine or Diesel engine installed with
the liquid fuel reformer of the invention can be also ap-
plied to transpcrtation measures for on-water or under-
water, such as a motorboat and a vessel, etc.

[0018] The operation principle of the liquid fuel re-
former of the invention can be also applied to a jet en-
gine. Therefore, even in case of a jet engine, it is pos-
sible to remove harmful substances from the exhaust
gas by supplying the reformed liquid fuel by the liquid
fuel reformer of the invention.

[0019] The jet engine installed with the liquid fuel re-
former of the invention is also available for an aircraft.

Brief Description of the Drawings
[0020]

Fig. 1 shows a vehicle equipped with catalyst con-
verters.

Fig. 2 is a perspective view of liquid fuel reformer of
the invention.

Fig. 3 is a front view of magnet holding case of the
liquid fuel reformer of the invention.

Fig. 4 is a cross secticnal view at the center of mag-
net holding case.

Fig. 5 is a perspective view of magnet holding case
(part of it was omitted).

Fig. 6 shows the structure of the fuel supply system
of gasoline engine of vehicles.

Fig. 7 is a drawing to explain the connection be-






