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(57) Abstract

exhaust values result.

A control arrangement for an apparatus for producing a fuel mixture for use in the internal combustion engine of a vehicle (preferably
a diesel engine) or in an infinitely variable bumner as consumer (10) is described. To attain a state of finest nucleation of a fuel mixture of
water and fuel created with the aid of a first mixing chamber (14), a decomposition device (16) and an ultrasonic power converter (18),
a second mixing chamber (24) is provided. The mixing chambers (14 and 24) contain rotatable mixing tools (22, 30) driven with motors
(20, 28). All above-described components of the apparatus, including a metering device for fuel and water (60 and 62, respectively), are
controlled by a microprocessor control (36) such that a fuel mixture is fed to the consumer (10) via a multipath valve (26) so that optimal
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CONTROL ARRANGEMENT FOR AN APPARATUS

FOR PRODUCING A FUEL MIXTURE

Description
TECHNICAL FELD

This invention refers to a contro! arrangement of the type given in the preamble

to ciaim 1.

BACKGROUND ART

A fuel mixture-producing apparatus controllable with a control amangement of
this type is known for example from DE 43 26 360 Cl. The fuel mixture
produced by this known apparatus can be made directly in vehicles and does
not require large and heavy energy storage tanks such as those necessary for
alternative energy sources like hydrogen or electricity in vehicles. The total
energy balance in a vehicle provided with this known apparatus or in a vehicle
operated with a fuel produced by this known apparatus is therefore better than
in a vehicle operated with an alternative energy source. In practical use of the
apparatus however it has been shown that the output and the exhaust values
of the internal combustion engine of a vehicle are not optimal when the
operational parameters of the vehicle fluctuate. Similar problems arise when
the consumer is not an internal combustion engine of a vehicle, but rather an

infinitely variable burner.
DISCLOSURE OF INVENTION

The object of the invention is therefore to create a control arangement of the

type given in the preambile to ciaim 1, with which the output and the exhaust
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values of a consumer connected to the apparatus producing the fuel mixture

can be optimized.

This object is camied out according to the invention by the features given in

claim 1.

A microprocessor control dependent on a map of characteristic and present in
the conirol amangement occording to the invention enables single
components of the apparatus for producing a fuel mixture to be confrolled
such that optimal oulput and exhaust values of the consumeér can always be
cghained with the fuel mixture produced. In the course of a combustion
process many compounds develop that are absolutely-undesirable since they
ultimotely lead to undesired carbon compounds such as soof, that ore
detrimental o the combustion efficiency: This soot then holds polycyclic
aromatic compounds that are even more difficult to bum than carbon. A
further disadvantage is that these polycyclic aromatic compounds are highly
carcinocgenic. These undesired compounds that could result in soot are
prevented by the control arangement according to the invention in that the
fuel/water mixture undergoes catalytic hydrolysis under the infiience of
ultrasonic cavitation in @ decomposition device for bredking down the water,
whereby it is guaranteed that polycyclic aromatic compounds can not
develop at all. Through the ultrasonic cavitation, temperatures of over 2000° C
occur, with the result that carbon from hydrocarbon compounds in connection
with water is catalyfically converted to CO and Ha (cf. Fischer-Tropsch
method), that are very rich in energy and easily combustible. This can
outomatically increase the output of the consumer, since it can better exploit
the fuel mixture. Improved exhaust values in turn result from this. Since the
characteristic map as o function of which the microprocessor control works
covers the enfire region including idling and full power of the consumer,
optimal output and exhaust values also result in the entire region between

idling ond full power. The consumer can be an infernal combusticn engine or

an infinitely voriable burner.
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Advantageous embodiments of the invention constitute the subject matters of

the subclaims.

In the embodiment according to claim 2 the mixing copacity in the mixing
chambers can be adapted fo the different requirements of fuel mixture. If the
fuel mixture is composed of much water and little fuel, a different rotational
speed is needed than in such cases in which the fuel mixture is composed of
much fuel and little waler. In the first instdnce cil droplets are embedded in
waler: hence there is o so-called water-oil emulsion. In the second instance

water droplets are embedded in oil; hence there is an oil-water emulsion.

The embodiment of the invention occording to claim 3 refers to a particularty
advantageous construction of the décomposition device. The fuel mixture,
supplied as an emuision to the decompasition device from the first mixing
chamber, must be capable of being broken down in the decomposition
device. The microprocessor control adapis the pulse voltage applied fo the
decomposition device to the consistency of the fuel mixture. If much oil and
little water are present in the fuel mixture, that is the mixture has a high
consistency, o voltage in the shape of long pulses with high amplitude is
applied to the decomposition device. The reason for this is that the fuel
generally has an insulating effect, but the voltage should reach the water that

is ultimately to be broken down.

In the embodiment of the invention according to claim 4. the ulirasonic
oscillation amplitude of the ultrasonic power converter is adapted to the
consistency of the fuel mixture exposed to the utirasonic oscillations. A fuel

mixture with a higher consistency requires ultrasonic oscillations of o higher
amplitude.
in the embodiment of the invention according io claim 5 the output of the fwo

metering pumps can be conirolled as a tunction of the characteristic mop , sO

that the consistency of the fuel mixture is likewise adapted to the choracteristic

map .
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A multipath valve according to claim 6 makes possible a particularly practical

connection of the control amangement to a consumer.

In the embodiment of the invention according to ciaim 7 it is possible to supply
the consumer with fuel mixture in a simple, process-dependent manner by a
process-dependent control of the multipath valve. in this case, for example,

the consumer can be a burner.

If the consumer is a diesel engine, the multipath valve in the embodiment of
the invention according fo claim 8 supplies the feed pump, i.e. the injection
pump of the diesel engine, that conveys to the hydraulically driven pump. As
long as the multipath valve delivers fuel mixture, the fuel, that is the diesel fuel
delivered by the feed pump, merely serves to drive the hydraulically driven
pump that conveys the fuel mixture delivered by the multipath valve to the

engine.

If the delivery of the fuel mixture by the multipath valve is interrupted, the feed
pump in the embodiment of the invention according to claim 9 conveys diesel

fuel instead of the fuel mixture to the injection nozzles of the motor.

If the consumer is a burner, in the embodiment of the invention according to
claim 10 the hydraulically driven pump is connected to the atomizer nozle of

the burner.

BRIEF DESCRIPTION OF DRAWINGS

Embodiments of the invention are described in detail below with reference to

the drawings.

Fig. 1 shows an overall schemafic drawing of a control arrangement
according to the invention for an apparatus for producing a fuel

mixture, and

Fig. 2 schematically shows the construction of a device used in the apparatus,

for breaking down water contained in the fuel mixture.
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BEST MODE OF CARRYING OUT THE INVENTION

Fig. 1 shows an embodiment of a confrol arangement for an apparatus for
producing a fuel mixture in which the consumer to be supplied with the fuel
mixture is a four-cylinder diesel engine. Therefore, when fuel or combustibles
are mentioned below, diesel fuel is meant. The consumer as a whole is
marked with reference number 10 in Fig. 1 and is schematically shown as a
motor block with four associated injection nozzies marked as a whole with

reference number 12.

The apparatus for producing a fuel mixture composed of at least one
combustible and additionally of a selectable proportion of water includes - as
is known per se (DE 43 26 360 C1) - a first mixing chamber 14 for intimately
mixing fuel and water; a decomposition device 16 connected to the first
mixing chamber 14, for breaking down the water contained in the fuel mixture
delivered from the first mixing chamber; and an ultrasonic power converter 18
connected to the decomposition device 16, for the ulirasonic treatment of the
fuel mixture delivered from the decomposition device. The first mixing
chamber 14 contains @ mixing tool 22 rotatable by a motor 20. This mixing tool
can be a discus-shaped cavitation element with a design that is likewise known
per se (DE 43 26 360 C1 and DE 42 23 434 C1). A catalytic electrolysis in which
the water is partly broken down elecirolytically takes place in the

decomposition device 16.

The apparatus for producing a fuel mixture described up to this point is better
suited for stationary operation, i.e. for operation in which the output of a
consumer and thus the load on the apparatus does not change within broad
limits. Otherwise, the consumer would have exhaust values that are not
optimal.  The apparatus is therefore supplemented with the control
arangement described below, so that optimal exhaust values of the consumer

are attained. Instead of a diesel engine, this consumer can also be an infinitely
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variable burner 96, that is known per se, with an atomizer nozzle 98 (DE 42 15

763 Al), as is suggested in Fig. 1.

Accordingly, the series connection of first mixing chamber 14, decomposition
device 16 and ultrasonic power converter 18 is followed by a second mixing
chamber 24 as a further component of the apparatus, for maintaining an
extremely fine fuel mixture nucleation state produced by the uitrasonic power
converter 18. A multipath valve 26 is connected to the outlet of the second
mixing chamber 24, the further connections of which valve are described in
greater detail below. The second mixing chamber 24, like the first mixing
chamber 14, contains a mixing tool 30 rotatable by a motor 28. Associated
with the first mixing chamber 14 is a measuring device 32 in the form of a
capacitive concentration-measuring system for measuring the quantities of fuel
and water fed to the first mixing chamber 14. The components 14, 16, 18 of the
apparatus for producing a fuel mixture and its additional component 24 are
disposed in a common housing in the embodiment described here. However
they can aiso be placed in separate housings and interconnected in the
manner shown in Fig. 1. The respective connections in both directions between
the components 16 and 18, and 18 and 24 should suggest that the ultrasonic
power converter 18 also acts on the fuel mixture located in the decomposition
device 16 and that the second mixing chamber 24 receives fuel mixture from
the ultrasonic power converter 18 and feeds it back thereto until the fuel
mixture to be delivered to the multipath valve 26 via outlet 34 of the second

mixing chamber 24 has the proper consistency.

A microprocessor confrol 36 is connected at its input end via a line 38 to the
measuring device 32. At its output end the microprocessor control 36 is
connected via lines 40, 42, 44, 46 to the motor 20, the motor 28, the
decomposition device 16 and the ultrasonic power converter 18, respectively.
In addition, the microprocessor control 36 is connected at its output end via

lines 48 and 50 to a metering device for fuel and for water.
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The metering device comprises a metering pump 60 for fuel and a metering
pump 62 for water. The metering pump 60 conveys fuel via the multipath
valve 26, that is connected as shown to a fuel supply means in the form of a
fuel tank 64 and a fuel pump é6. The metering pump 62 conveys water from a
water tank 68. The metering pumps 40 and 62 are connected fo the inlet of
the first mixing chamber 14 via conduits 70 and 72 respectively. A check valve
74 in conduit 72 prevents fuel from entering the metering pump 62 and the

water tank 68.

Finally, the microprocessor control 36 is connected at its output end via a line
52 to the multipath valve 26. The multipath valve 26 can be actuated via the
line 52 in such a way that the engine 10 is not started with fuel mixture, but

rather with pure diesel fuel. This is described in further detail below.

’The multipath valve 26 as given above is connected to a fuel supply means in
the form of the fuel tank 64 and the fuel pump 66, and in furn supplies an inlet
75 of a feed pump 76 with fuel via an outiet conduit 73. The outlet 77 of the
feed pump 76 is connected via a feed conduit 78 to the consumer 10, or more
precisely with the four injection nozzles 12 of the diesel engine, albeit not
directly, but rather via a pump 80 located in the feed conduit 78 and
hydraulically driven by the fuel. The hydraulically driven pump 80 has two
inlets 81, 83 connected respectively to the feed conduit 78 and via an outlet
conduit 84 to the multipath valve 26; it also has an outlet 85 connected to the
injection nozzles 12. The hydraulically driven pump 80 is constructed in such a
manner that it delivers fuel mixture supplied by the multipath valve 26 via the
conduit 84 to the injection nozzles 12 (controlled in the proper sequence, which
need not be described in detail here), whereas otherwise the hydraulically
driven pump 80 delivers the fuel supplied to the feed pump 76 to the injection
nozzles 12 via the conduit 78. In the event that the multipath valve 26 accepts
no fuel mixture from the outlet 34 of the second mixing chamber 24, the fuel
mixture is fed back via a shunt 37 to the ultrasonic power converter 18 for

further improvement of the exiremely fine nucleation state of the fuel mixture,
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until fuel mixture is once again to be fed to the consumer 10 via the multipath

valve 26.

The individual components are each controlled by width-modulated pulses via

the output end of the microprocessor control 36.

Fig. 2 shows as a detail an example of the inner structure of the decomposition
device 16. This comprises primarily an outer cylinder 90; an insulation pipe 92,
for instance made of Teflon; an anode in the form of a multi-threaded spindle
94 electrically insulated from the cylinder 90 by the insulation pipe 92; and an
electrode in the form of a platinum wire 99 as a cathode. This platinum wire 99
is laid into the threads, that are insulated at the bottom, of the threaded
spindie 94; it is wound up and down in several threads of the threaded spindle;
and finally it is connected 16 a contact ring 95 shown in Fig. 2 at the left end of
the thread. The contact ring 95 in turn is electroconductively connected to a
central pin 97 of the threaded spindie 94. The threaded spindie 94 is made <;f
nickel. The anode and the cathode of the decomposition device 16 are
supplied with pulses of high direct voltage from the microprocessor control 36
via two connecting lines 44. The one connecting line ieads to a socket 91 that
is a plastic part coated with metal on the outside in the region to the right of an
O-ring 93. The other connecting line leads through the socket 91 and is
electrically connected 1to its metallic coating, which s in  tumn
electroconductively connected to one end of the platinum wire 99, the other
end of the wire being electroconductively connected to the contact ring 95.
An emuision of diese! fuel and water (described in greater detail below)
reaches the interior of the cylinder 90 from the first mixing chamber 14 via a
bore 89, flows through the threads of the threaded spindle 94 to the right in Fig.
2 and exits at the right-hand end of the decomposition device 16 via the bore
86 of the insulation pipe 92, to flow into the ultrasonic power converter 18. In
the threads the emulsion makes confact with the anode and cathode, to be
broken down by catalytic hydrolysis (as will also be described in greater detail

below).
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The ulirasonic oscillation of the ultrasonic power converter 18 is amplitude
controlled by the microprocessor control 36 with the aid of width-modulated

pulses.

The mode of operation of the control arangement described above is
described in the following for the case in which the consumer 10 is a four-

cylinder diesel engine with four injection nozzles 12 as shown in the drawing.

First of all, a starting and stopping procedure for the engine 10 is described.
When the engine 10 is started, the multipath valve 26 switches such that the
injection nozzles 12 are supplied with pure diesel fuel via the feed pump 76.
Shortly thereafter mixture is prepared and reaches these injection nozzles 12 via
the hydraulically driven pump 80 when the multipath valve 26 switches back.
When the engine 10 is 'fhenv turned off, this multipath valve 26 switches into the
former position, and for the final revolutions of the engine 10 the injection
nozzles 12 are once again supplied with pure diesel fuel. The reason for this is
that fuel mixture produced in the apparatus has aggressive properties that
would cause cormosion in older engines if it were present in these spaces or at
the valves over a longer period of time. The fuel mixture namely contains
purest water, which turns the fuel mixture info a weak acid or a strong alkaline,

both of which would corode the material of the engine 10.

The starting procedure is now complete. The motor is running and alters its
rotational speed; i.e. the automobile is starting off. Depending on the fuel
quantity needed for the load requirement at hand, which can change very
rapidly, suitable proportions of fuel and water are now metered into the first
mixing chamber 14. The suitable quantity is defined by the measuring device
32. If too much water were present, the water quantity would be reduced; if
too much fuel were present, the fuel quantity would be reduced. An emulsion
is mechanically produced in the first mixing chamber 14 by the rotating mixing
tool 22 driven by an electric motor. The rotational speed of the mixing tool 22

is aliered comesponding to the consistency, i.e. coresponding to the ratio of
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water to diesel fuel, so that an emulsion develops that can be broken down
between the cathode and the anode during the subseguent catalytic
hydrolysis in the decomposition device 16. That is, the emulsion can be broken
down in such a manner that a portion of the water is split into hydrbgen and
oxygen which, present in gaseous form, are conveyed by the flow into the
ultrasonic chamber of the ulirasonic power converter 18. Here it is important
that the decomposition device 16 directly communicate with the ultrasonic
power converter 18 (via the bore 86 and a bore 87), i.e. that the entire unit of
decomposition device 16 and ultrasonic power converter 18 oscillate at the
frequency initiated by the ultrasound and developing from the amplitude
transformation. This coupling naturally gives rise to a frequency gradient, since
a metaliic rod (threaded spindle 94 in Fig. 2) embedded in a liquid reduces the
frequency and increases the amplitudes, depending on its length. Through the
action on the liquid by ultrasound, zones occur that are highly energetic in their
microstructure, i.e. regions with very high temperatures due to the implosion of
cavitation bubbies arise. Carbon chains are thereby altered such that hardly
combustible, long-chain hydrocarbons are converted to shorter-chain ones.
Due to the high temperatures and with the presence of water, CO and H2 are
directly formed from the carbon therein released. Since the gas quantity
increases due to this process, mixture created in the region of the ultrasonic
power converter 18 must be further finely nucleated. At this point in time, there
can be no further mention of an emulsion; it is already a dispersion, i.e. a gas
dispersed in a liquid. The gas is partly dissolved and partly present in extremely
fine bubbles. Since due to the sonochemical reaction larger gas bubbles are
also still in the mixture, the second mixing chamber 24 is necessary. It contains
the rotating mixing tool 30, the rotational speed of which is altered as a
function of the consistency of the fuel mixture, i.e. of the fuel dispersion; this
means a very high rotational speed when the proportion of gas is very large
and a low rotational speed when the proportion of oil is large. This dispersion is

then conveyed via the multipath valve 26 directly into the hydraulically driven
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pump 80, which is seated directly before each injection nozzle 12 and supplies

the engine 10 with the fuel mixture.

The microprocessor control 36 is freely programmable and addptable to any
map of characteristic . Every diesel engine 10 has different characteristics and
o different characteristic map resulting therefrom. The opergtional points in the
characieristic map have been empirically detected on a testing station at
which the output and the exhaust have béen measured. Depending on the
concentration, i.e. the quantity of water and of fuel fed to the fist mixing
chamber 14, and on the data resulting therefrom, the microprocessor control
36 is set so thot ot every operational point the suitable fuel mixture is always

available.

' Looking now at the operational conditions during a non-stationary operation, it
can happen that full power is first exerted, i.e. that the engine 10 can toke a
large proportion of water. Now if in a diesel engine with no throtlle valve the
gas pedal is released so that the idling ronge is reached, then the engine
would be brought to a stop with this high water concentrafion, i.e. due fo a
resultant ignition delay, it would shift from the combustion process to the
stopping process. The rotational speed of the motor would be thereby greatly
reduced. Therefore, the multipath valve 26 must then switch and feed pure
diesel fuel to the engine. The microprocessor control 36 effects this via the line
52. This opplies only in the lowest load range. Due to the sophisticated control

by the control arangement described here, very large proportions of water

can be used.
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resignations and drive:

60 diesel metering pump 24V 3W PWM*0-100% 2% precision
62  water metering pump 24V 3W PWM 0-100% 2% precision
20, 28 cavitation motors 24V 2*15 W PWM 0-100% 10% precision
16 decomposition device

(catalytic hydrolysis) 110V 2A PWM 500 Hz to 2.5 kHz 0-100%

* pulse width modulation

The change in rotational speed, i.e. the change in conveying capacity of the
diesel pump 60, ranges from 0 to 100% with 2% precision, hence with an
accuracy of + 2%. This wide tolerance does not negatively affect the fuel
mixture. In the electric motors 20, 28 for driving the mixing tools 22, 30 in the first
and second mixing chambers 14 and 24, respectively, 10% tolerances are
permissible, since it does not matter whether the mixing tool motor rotates at
8600 revolutions or 10% more. In the catalytic hydrolysis in the decomposition
device 16 the given frequency of 500 Hz to 2.5 kHz, i.e. the frequency of the
voltage pulses given off by the microprocessor control 36 to the decomposition
device 16, must be very precise, since the damping of the amplitude is
influenced by the density to the third power. Thus a scattering of 1% would

already be too great.
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Claims

1. A control arangement for an apparatus for producing a fuel mixture
composed of at least a fuel and additionally of a selectable proportion of
water, the apparatus being provided with the following components
- ot least one first mixing chamber {14} for intimately mixing fuel and water,
- a device (16) for decomposing the wiater, said device receiving the fuel
mixture from the first mixing.chamber (14), and
- an ulirasonic power converter (18) for the ultrasonic treatment of the fuel
mixture delivered from the decompasition device { 16),
characterized by
- gs a further component of the apparatus a second mixing chamber (24)
associated with the ultrasonic power :converter (18), for maintaining an
extremely fine fuel mixture nucleafion state created by the vlirasonic
power converter (18).
- @ meosuring device (32) for measuring the quontities of fuel and/or water
fed to the first mixing chamber (14), and
- @ microprocessor control (36) dependent on a characteristic map,
connected af its input end with the measuring device (32) and at its output
end with the components {14, 16, 18, 24) of the opparatus and with @

metering device (60, 62) for fuel and water.

2. The confrol amangement according to claim 1, characterized in that the
mixing chambers (14, 24) respeciively contain a rotatable mixing tool (22,
30) provided with o moter (20. 28). the rotational speed of ihe motors (20,

28} being controllable by the microprotessor conirol (36).

3. The conirol orangement according 10 claim 1 or 2. charocterized in that
the decomposition device (16) has a cylinder (90) and a threaded spindle
(94) dispesed in and electrically insuloted from the cylinder (90), with a

wire-shaped electrode (99) being laid in the threads of aond being
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insulated from the threaded spindle, the wire-shaped electrode (99) and
the threaded spindle (94) consisting of metals of different elecirochemical
series and forming a cathode and an anode, respectively, supplied with

pulses of high direct voltage from the microprocessor control (36)A.

4. The control arangement according to any of claims 1 to 3, characterized
in that the ultrasonic oscillation of the ultrasonic power converter (18) is

amplitude-controlled by the microprocessor control (36).

5. The control arangement according to any of claims 1 to 4, characterized
in that the metering device (60, 62) has a metering pump (60) for fuel and
a metering pump (62) for water, their capacity being controllable by the

microprocessor control (36).

6. The control arangement according to any of claims 1 to 5, characterized
by a multipath valve (26) associated with the second mixing chamber (24),

for releasing the fuel mixture to a consumer {10).

7. The control arrangement according to claim 6, characterized in that the
multipath valve (26) is connected to a fuel supply means (64, 66) and
supplies in turn the inlet {75) of a feed pump (76) with fuel, the outlet (77)

thereof being connected to the consumer (10) via a feed conduit (78).

8. The control arangement according to claim 7, characterized in that a
pump (80) hydraulically driven by fuel is disposed in the feed conduit (78)
and has two inlets (81, 83) connected to the feed pump (76) and the
multipath valve (26), respectively, and further has an outiet (85)
connected to the consumer (10), with the hydraulically driven pump (80)
being constructed such that upon delivery of the fuel mixture by the
multipath valve (26), the pump (80) conveys this fuel mixture to the
consumer (10) and otherwise conveys to the consumer (10) the fuel fed to

it by the feed pump {746).
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The control arangement according to claim 8, characterized in that the
consumer (10) is a diesel engine with injection nozzles (12) to which the

outlet (85) of the hydraulically driven pump (80) is connected.

The control arangement according to claim 8, characterized in that the
consumer (10) is a burner (96) with an atomizer nozzle (98) to which the

outlet (85) of the hydraulically driven pump (80) is connected.
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