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METHOD AND DEV_ICE FOR OPERATING A [DIESEL ENGINE USING A
FUEL THAT COMPERISES VEGETABLE OILS eOR RECYCLED VEGETABLE
OILS

The invention poertains to a methed and a device for
operating a diessel engine with a fuel that comprdses
vegetable oils o r recycled vegetable oils.

The utilization of vegetable oils or recycled vegetable
0ils in diesel e=ngines is complicatecd, among other thimgs,
due to the fact that these oils have a highly temperatwuire-
dependent viscos_ity. This viscosity i s substantially higher
than that of die=sel fuel at low tempe ratures.

Customary conver—sions for operating diesel engines with
vegetable oils t ake into account that= such oils are barely
usable as a fuel by starting the encyines with diesel fFuel
and only switchimg over to the vegetable o0il fuel once the
engine and the= injection system have reached thaeir
operating temperature. In this case, -the engine needs to be
changed back to diesel fuel a sufficieently long time befSore
the engine is sh—ut off (e.g., converssions according to the
Georg Lohmann or according to Kraft). This not only
requires a fuel. tank for vegetabl.e o0il, but also an
additional tank for diesel fuel. It 1is particularly
inconvenient thats the fuel supply needls to be switched back
to diesel fuel ecach time the engine is shut off for an

extended period of time.

It is well known that the high viscossity of vegetable o ils
is one reason for their unsuitabilit.y as a fuel. Anot her
problem arises whmen using vegetable oidils in diesel engin es,
wherein this preoblem is also assocziated with the h igh
viscosity and can be seen in that grases are very eas ily
adsorbed or forrm inclusions in the form of bubbles in
vegetable oils arnd are difficult to =remove. In this ca se,
the oils have & certain compressib ility that can have



negative effects on the operation of the inject-ion system,
e.g., in the form of cavitation, and may also cause
problems with respect to the injection process. If at all,
these problems are only solved insufficieently with

conventional methods.

This results in vardious disadvantages that  become
noticeable, in particular, during long-term op eration and
the causes of which frequently cannot be correctly
diagnosed. Consequently, it was determined that the use of
vegetable oils is not feasible “in the long run.” This

statement is based on the following notions:

Cavitation damages in the injection pump are ge nerally not
recognized as such and only lead to noticeabole damages
after a relatively long operating time. Defectiv e injection
systems can lead to an incomplete combustion tha t, in turn,
results in deposits on the pistons and cylinders

An increased entrainment of fuel into the engine oil may
also occur. The damages caused by these inci_dents also

manifest themselves only after an extended opera—ting time.

The invention is based on the objective of developing a
method and a device that allow the unrestricted operation
of diesel engines with a fuel that comprises vegestable oils

or recycled vegetable oil s.

In a method according to the preamble of Cla-im 1, this
objective is attained wit h the characteristics d-isclosed in
the characterizing portion of this c¢laim. In a device
according to the preamble of Claim 10, the corresponding

objective is attained wit h the characteristics disclosed in

said claim.

Additional developments and advantageous embodiments of the
invention are respectivelwy defined in the dependesnt claims.



The forscing pump that operate.s independently of the
injecticen pump initially transfer s the fuel from the tank
into a s=storage reservoir by forci.ng the fuel through fuel
filters that are realized in the form of pressure-resis—tant

fiber fi lters.

Since t he fuel filters are re alized in the form of
pressure -resistant fiber filter s, they are able to
withstan d the increased pressurees caused by the higher
viscosit y of vegetable oils withouit damages. This appldes,

in parti cular, to low temperatures .

The fuel supplied to the injection pump from the stor-age
reservol r is rendered incompressil>le due to the ultrasonic
treatmen t such that a flawless injection pattern is
achieved under all practical ©perating conditions. A
defectivee injection system can lead to an incompl. ete
combustieon such that deposits are formed on pistons and
cylinder=s and an increased amount of fuel is entrained i.nto
the engiine oil. Under certain circumstances, this aalso

causes damages only after an extended operating time.

Gases ca&an be very easily adsoxbed or bound or form
inclusiorms in the form of bubbles -in vegetable oils and are
difficultt to remove. This is caused by the high viscos ity
of vegetzable oils. In such inst.ances, the oils have a
certain compressibility that can have negative effects on
the opemration of the injectiom pump, e.g., due to
cavitation. In addition, this may also cause problems in
the injecction process. If at all, these problems are o nly

unsatisfactorily solved with converational methods.

According to preliminary data obtained so far, the
ultrasoni c treatment causes a parxtial degassing to t ake
place. Ira addition, the shattering of larger bubbles cau ses
the rema._ining gases to be presentt in such small bubb_les



that the surface ten.sion of the bubbles prevents any
compressibility of the fuel as well as cavitat ion on system
components under the pressures and pressure changes
occurring in the systesm. However, a complete degassing is
not required. For example, it suffices to sufficiently

shatter existing bubbles.

If the injection system is defective, the ut=ilization of
vegetable oils causes the combustion to take place in a
more uniform fashion armd over a longer duratiorh than diesel
fuel. This leads to a significantly smoother running engine
and consequently to a r-educed load and reduced wear.

Since the runback of the injection pramp is not
conventionally conveyed. into the tank, but rather back into
the storage reservoir, the degassing process is promoted by
the multiple recirculatzion while sinmultaneousl y preventing
a repeated filtration in order to reduce the load on the
fuel filter.

"The fuel is preferably filtered by means of f iber filters
<onsisting of glass fib ers and/or plastic fiber—s.

"This makes it poss ible to prevent the  customary
—onglutination observed with conventional paper filters.
Consequently, the volume flow required for = sufficient

fuel supply is ensured.

The fuel level in the storage reservoir iss preferably
rmaintained between a predetermined minimum level and

rmaximum level by controllling the forcing pump.

Due to this measure, th e injection pump is alw.ays supplied
with fuel that has p assed through the inj ection pump

sseveral times.



In another embodiment, the fuel 1is conveyed into the tank
via a retuxn line, namely when a pres sure relief valve is
actuated once a predetermined limiting pressure on the fuel

filter is reached.

This preverits the filters from building up a dangerously
high pressu re at the end of their servdce lives in case the
electronic control of the fuel pump fails. Otherwise, this
could resul.t in the destruction of the filters such that
unfiltered fuel reaches the storage reservoir and the

injection n ozzles.

According t o one additional development, an additive can be

introduced into the storage reservoir.

It may be sensible to admix an additi-ve for improving the
cold-starti ng characteristics and for preventing the fuel
in the forrm of vegetable o0il from so lidifying (gelling),
particularly at very low temperatures during the winter
months. Sin ce the described system is also able to operate
with cold o.il, such a measure can be limited to the initial
starting ph ase only. In this case, it suffices to admix a
few millili ters of a suitable additive to the fuel in the
storage res ervoir immediately (i.e., a few seconds) before
the engine is shut off such that the additive is

subsequentl=y present when the engine is restarted.

It would als=o be possible to heat the i njection nozzles and
the fuel be fore and during the start of the diesel engine
with the aid of an inductive eddy curre nt heating system.

A pulse-wid-th control ensures that the optimal temperature

is rapidly wxeached and then maintained.

Cold and hi ghly viscous vegetable oils cannot be atomized
by the injesction nozzles of the diesel engine in such an

optimal faskiion that a flawless ignition is ensured. It is



generally known to utilize heaters for maintaining the
vegetabl e oils used within a temperature range that results
in a su fficiently low viscosity for flawlessly atomizing
the fuel . However, these heaters act upon the fuel situated
upstream of the injection pump. This means that they are
very sluggish and require more ener gy than that supplied by
the stor age battery.

This is the reason why one usually resorts to starting the
engine with diesel fuel and, if applicable, heating the
supply of vegetable oil. This can only be repeated duringg
the next start of the engine if the system was changed back=
to diesel fuel a sufficiently lorag time before extendedl
idle per iods. A second tank for diesel fuel is required in_
this case. This method is complicated and very-

inconvenient.

These disadvantages are completely eliminated with the
described method. A dual-tank system is no longer required
because this method also makes it possible to directly
start the engine with vegetable oil s under all practically

occurring temperatures.

According to one additional development intended for use in
electronically controlled injection systems, the signal of
a sensor used for <controlling the injection time,
particularly a needle-lift sensor, is amplified by means of
high-speed electronics and Ltransmitted to the
electronically controlled injection system with a defined

delay.

In moder n diesel engines, the operating parameters are
monitored and controlled with the aid of a so-called EDC
(electromic diesel control). The actual injection time, in
particula r, is signaled with the aid of a so-called needle-
lift sensor and compared with the optimal value for the

respectiv-e operating mode that 1is usually stored in a



family of characteristics in an EPROM. The inTjection time
is corrected if these val ues deviate from oene another.
Howrever, the higher viscosi ty of vegetable oilss causes the
opt imal injection time to 1 ie before the optimal injection
timee for the operation wit h diesel fuel, part-icularly at

low er speeds.

The needle-1lift sensor operates inductively .. 1i.e., it
rea cts to accelerations. Wimen operating with cHiesel fuel,
the signals are so weak, particularly at low speeds, that a
sigmal evaluable by the EDC is not deliver ed in each
wor king period. The increased damping of the needle-1ift
sensor caused by the higher viscosity of veg-etable oils
adddtionally attenuates this signal, preferably also at low

spee=ds.

In order to correct the inferior engine performance
resuilting thereof, the sigraals of the needle-T1ift sensor
are transmitted to the EDC after being processe=d with the
aid of suitable amplification electronics that a lso make it
possible to realize a certain delay of the sign-al. In this
case, the delay <can be either adjusted m anually or
automatically, e.g., based eon a viscosity measwiurement, in
ordeer to optimize the engine performance for thee operation
with diesel fuel or different vegetable oils or —mixtures of
diesel fuel and different vegetable oils.

The power supply of the electronics is preferablly realized
wite the signal of the needle-lift sensor.

The power supply of the described electroni ¢s can be
obta.ined directly from the s3ignal of the needle-T1ift sensor
if suitable electronic Cc omponents are cho-sen, This
simp lifies the installation and prevents possi ble errors
duri ng the installation that could, if applicabl_ e, lead to
the function o©f the EDC being impaired byvs external

volt ages.



In the device accordirig to the invention, the forcing pump
may be realized in the form of a gear pump and driven by an

electronically control led electric motor.

This makes it possible to reach the pressures —required for
forcing the fuel through the fuel filter. However, an
electronic control of the electric driving motor 1is
required in order to porevent extremely high presssures from
building up when the fuel filter is near the end of its
service life. The control evaluates, for e xample, the
current consumption of the driving motor or a variable of
the pressure difference between the intake andl the outlet
side of the fuel filtesr and generates a timely request for
a filter exchange and/<r ensures that the fuel t-ransport is
interrupted sufficient ly long before the fabri c filter is
damaged due to the high differential pr-essure and

unfiltered fuel is deldvered to the injection pump.

The forcing pump may be connected to a control that
maintains the fuel level in the storage reservoir between a

predetermined minimum Jdevel and maximum level.

Since the fuel pump or injection pump alway s needs to
convey more fuel than tthe respectively consumed quantity in
order to ensure the cooling, the lubrication and the
pressure build-up, a return 1line wusually erasures that
excess fuel 1is returned into the tank. Hoewever, the
invention is modified in such a way that a smaall storage
reservoir 1is arranged behind the fuel filter =—referred to
flow direction, wherein the fuel pump fills this storage
reservoir to a certtain level in an ele ctronically
controlled fashion. Tlhe injection pump is supplied with
fuel from this reservoi*r, and excess fuel 1s al.so returned
into this reservoir. This makes it possible t=o directly
supply the injection pump with already filtered fuel that
is not remixed with un filtered fuel and consequiently does



not have to be filtered anew. The fuel supply to the
storage reserwolir is not switched on again until the fuel
level has dxxopped to a predetermined minimum. This
arrangement pr ovides the additional advantage that the f£uel
pump only nee ds to be designed for pumping the actually
required quanttity of fuel, i.e., the fuel pump does not
have to be sco large that it is able to pump the ent-ire
volume flow th rough the injecti‘on pump.

The ultrasonic treatment device mays comprise an inducti ve,
piezoelectric -or magnetostrictive u_ltrasonic generator t hat

is arranged on or in the housing of the storage reservoi r.

The ultrasonic generator is arranged sufficiently far be low
the fuel surface such that significant movements of the
surface caused , for example, by ressonances and/or stand ing
waves are prev ented, namely because they could easily 1 ead
to undesirable gas inclusions that would reverse -the
desired effect. In practical applications, a
magnetostrictiwe ultrasonic generat or proved more suitadle

than a piezoelexctric ultrasonic generator.

According to ara additional development, an inductive heater
can be coupled to the injection no=zles before and dur-Dng

the start of tlhe diesel engine.

The targeted h eating of the inject ion nozzles causes the
fuel injected into the cylinders to be pre-heated with
little imported energy and sluggish.ness, namely in suchlm a
way that it ca&an be sufficiently a—tomized and a flawless
cold start is already possible wit h vegetable oils. This
means that an a dditional diesel mode can be eliminated. T he
control of the heater is preferably realized in the form of

a pulse-width c.ontrol.
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The inductive heating of% the injection nozzles is realized
by installing coils around the injection nozzles . The coils

are realized in the form of bifilar compound coi 1ls.

It was determined that & particularly effective heating of
the injection nozzles can be achieved by means o f inductive
high-frequency heating (approximately 10 KHz) wwith pulse-
width contrel. In this case, a resonance couvapling with
brief and very high pulsed currents with a total power of
approximately 2 kWs (kil owatt seconds) makes it Fossible to
generate the heating power required for ensuring a flawless
start. This means that only about 5 Ah are withdrawn from
the storage battery. In practical applications, it proved
advantageous, under certain circumstances, to operate the
inductive heater in a continuous mode with a significantly
reduced power (approximately 10-150 Watt) in order to

achieve a smoothly runnimg engine.

The invention is described below with refererace to the

figures. The figures showv:

Figure 1, a diagram for elucidating the kinematic viscosity
(viscosity referred to the density) of a few vegetable oils

in comparison with that of diesel fuel;

Figure 2, a schematic re presentation of a devices according

to the invention for processing fuel, and

Figure 3, a detailed representation of th e storage

reservoir shown in Figure 2.

Figure 1 shows a diagram for elucidating the kinematic
viscosity, i.e., the viscosity referred to the d ensity, of
a few vegetable o0ils im comparison with that of diesel
fuel. The viscosity of diesel fuel is very l-ow at low
temperatures. However, vergetable oils have a visc osity that

is higher by at least a factor of 10 at low tem.peratures.
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This expl ains their unsuitabili—ty as a replacement for
diesel fu el unless a special fuel processing meanss 1is
provided. The viscosities of the vegetable oils indi_cate
that only the use of vegetable oils results in prokolems
with respe=ct to the cold-starting of the engine.

Figure 2 shows a schematic reporesentation of a de=vice
according to the invention for processing vegetable oils

such that they are suitable for opoerating a diesel engi ne.

Only one tzank 10 is required becsuse the device accor ding
to the in vention makes it possi ble to operate a di esel
engine wit-h vegetable oils only, 1i.e., without requi ring
additional diesel fuel. The fuel is withdrawn from the tank
10 by mearas of a forcing pump 12 that is realized in the
form of & gear pump for forcdng the fuel throug h a
preliminar-y filter 14 as well as a fuel filter 16 in the
form of a glass fiber filter. The fuel is then transfe rred
intc a sto_rage reservoir 18 via a flow line 28. The sto rage

reservoir 18 has a significantly smaller volume than the
tank 10.

Conventional paper filters used for diesel fuel tend to
conglutina®e when using vegetablde oils. The fibergIlass
filter 16, in contrast, allows fuel to pass until it

reaches the end of its service 1lif e.

An ultrasonic treatment device 20 1is arranged in the
storage resservoir 18, wherein this ultrasonic treatrment
device ser ves for degassing the fuel and for shattering
remaining gas bubbles. An inje ction pump 22 arrarged
downstream of the storage reservoir 18 withdraws fuel From
the storages reservoir 18 via a flow line 24 and injects the
fuel requirced for the combustion imto the cylinders. Excess
fuel is retcurned into the storage reservoir 18 wvia a ret-urn
line 26. A return line 30 leads koack into the tank 10 in
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case the control of the forccing pump 12 fails an d more fuel

than necessary is pumped inmto the Storage reserv oir.

Figure 3 shows a detailed representation of the storage
reservoir 18 according to the Figure 2. Tohe storage
reserveir 18 comprises an dinlet 28 for supplying fuel from
the fuel filter 16, a retuxn line 30 leading back into the
tank 10, a flow line 24 1 eading to the injecti_on pump 22
and a return line 26 that originates at the injection pump
22.

The level in the storage reservoir is monitore d with the
aid of two level switches 32, 34. One level switch 32
monitors a predetermined ma ximum level and switches off the
fuel pump 12 while the ot her level switch 34 monitors a
predetermined minimum levell and switches on the fuel pump
12. The additional return 1line 30 that leads from the
storage reservoir 18 back i nto the tank 10 is installed for
safety reasons in case the level control of t he storage
reservoir 18 fails. This xeturn line 30 also fulfills a

ventilation function.

An ultrasonic treatment dewice 20 is also arran ged in the
storage reservoir 18. In one embodiment that -—was tested
accordingly, the ultrasonic treatment device 20 consisted
of a helicoidally bent me—tal tube 36, the lowger end of
which was excited to carry out magnetostrictive vibrations
in the ultrasonic range by an induction coil 38 . The fuel
28 arriving from the fuel filter 16 is conveyed into the
storage reservoir 18 by this tube 36. This a.rrangement
makes it possible to adequately prevent significa nt surface
movements that could lead to air inclusions. TThe return
line 26 originating at the injection purmp 22 is
simultaneously utilized fox cooling the electronics that
serve for exciting the magnetostrictive ultrasonic

vibrations with the aid of t-he coil 38.
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An in ductive pulse heating system for the injection nozzles
is rmot illustrated in the figures and cortrolled
elect ronically, wherein this inductive pulse heating system
also assists in the continuous operation with altered
opera ting data. In this case, an electronic control serves
for realizing an automatic transition, if so required, from

the starting mode to a conti nuous assist mode.

When wmiutilizing all described measures, the device emsures a
sufficiently high volume fl ow over the entire tempoerature
range and viscosity rarige occurring in pr-actical

appliccations.

In ED C-controlled diesel eragines, not-shown amplif ication
electmonics for amplifying and, if applicable, d.elaying
needle-lift sensor pulses ar e additionally provided.

In el ectronically controlled injection pumps, hig h-speed
ampliffication electronics ar-e arranged upstream of —the EDC
in order to also bring the s .ignal of the needle-lift sensor
to a level that can be evaluaated by the EDC at low speeds.
These electronics also make 4t possible to delay the signal
of thee needle-lift sensor 4dn the millisecond rancge such
that t=he injection time can be corrected without ha<wing to
manipwmlate the EDC. Such a delay may be practical kecause
it al lows an adaptation o=£ the injection time +to the
proper-ties of different fuels without manipulating tke EDC,
i.e., by utilizing the famil-ies of characteristics that are
optimi zed for diesel fuel and stored in EPROMs. Thiss delay
can bes realized automatically, and the control parameters
requir ed for this delay can be derived from the physical
data of the respective fuel or fuel mixture used, e.g.,
with tzhe aid of an automat ed viscosity measuremen t. The
amplif ication of the signal ensures a signal leve.l that

delive rs an evaluable signal during each working per-iod of

the ED C in any speed range.
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According to the described method and device, practi cally
all diesel erhgines used in passenge-r cars, utility veh. icles
and stationa ry machines can be converted such that they
operate with vegetable oils. The c onverted engines cean be
operated witk pure vegetable oils or pure diesel fuel or
any mixing zr-atio therebetween, nammely without havimg to
carry out ox change any adjustmeants when the fue l 1is

changed.
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CLAIMS

1. A method for operating a diesel engine with a fuel
that comprises vegetable o0ils or recycled vegetable
oils, wherein the fuel is withdrawn from a tank (10),
filtered by means of fuel filters and injected into

the cylinders through injection nozzles by means of an

injection pump (22 ), and wherein excess fuel is
returned, charactexized in that the fuel is
transferred from the tank (10) into a storage

reservoir (18) by means of a forcing pump (12) that
forces the fuel through fuel filters (14, 16) imn the
form of pressure-res istant fiber filters, and in that
the fuel 1is treated by means of ultrasound i the
storage reservoir (18) before it is introduced into
the injection pump (22), wherein the injection pump
(22) withdraws fuel by suction from the st orage
reservoir (18) and excess fuel is returned into the

storage reservoir (18).

2. The method according to Claim 1, characterized in that
the fuel 1is filtexed by means of fiber fi lters

consisting of glass <fibers and/or plastic fibers.

3. The method according to Claim 1 or 2, characteriz ed in
that the fuel level 1in the storage reservoir (18} 1is
maintained between &a predetermined minimum level and

maximum level by controlling the forcing pump (12 ).

4. The method according to Claim 3, characterized in that
the fuel is conveyed into the tank (10} via a r eturn
line by means of a pressure relief valve once a
predetermined limiting pressure on the fuel f ilter

(16) is reached.
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The method according to one of Claims 1-4,
characterized in that an additive is introducec into

the storage reservoir (78).

The method according to one of Claims 1-5,
characterized in that the 1injection nozzles and
consequently the fuel are heated before and durirg the
start of the diesel engine by means of an indwuctive

eddy current heating system.

The method according to Claim 6, characterized ir that
the inductive eddy curxent heating system is pulse-
width control.

The method according to one of Claims 1-7,
characterized in that the signal of a sensor used for
controlling the injection time 1in electroni_.cally
controlled injection sy stems, particularly a needle-
lift sensor, 1is ampli fied by means of high—speed
electronics and transmitted to the welectroni.cally
controlled injection system with a defined delay.

The method according to Claim 8, characterized irm that
the power supply of the electronics is realized with
the signal of the needle-lift sensor.

A device for operating a diesel engine with a fuel
that comprises vegetabl.e o0ils or recycled vege=table
oils, with a tank (10) Zor the fuel, fuel filter s, an
injection pump (22) and injection nozzles for
injecting the fuel into the cylinders, wherein e-xcess
fuel is returned, characterized in that a st orage
reservoir (18) 1is providded in addition to the tank
(10), in that a forcing pump (12) and fuel fi lters
(14, 16) in the form of pressure-resistant fiber
filters are arranged between the tank (10) and the

storage reservoir (18) , wherein the fuel <ca n be
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transferred from the tank (10) into the storage
reservoir (18) by means of a forcing pump <«12) that
forces the fuel through the fuel filters (14, 16), in
that an ultrasonic t reatment device (20) for the fuel
is arranged in the sttorage reservoir (18), and in that
the injection pump (22) withdraws fuel by suction from
the storage reservoixr (18) and excess fuel is returned

into the storage reservoir (18).

The device according to Claim 10, characte rized in
that the fiber filtexrs consist of glass fibers and/or

plastic fibers.

The device according to Claim 10 or 11, characterized
in that the forcing pump (12) is realized in the form
of a gear pump that can be driven by an electronically

controlled electric motor.

The device according to Claim 11 or 12, chara&cterized
in that the forcing pump (12) is connected to a
control that makes it possible to maintain the fuel
level in the storage reservoir between a predetermined

nminimum level and max imum level.

The device according to one of Claims 10-13,
characterized in that a pressure relief valve with a
return line leading into the tank (10) 1is arranged
between the forcing pump (10) and the fueldl filter
(16), wherein the fuel can be conveyed into the tank
(10) by means of thids pressure relief valvee once a
predetermined limitirg pressure on the fuel filter

(16) is reached.

The device accordirmg to one of Claims 10-13,
characterized 1in that a metering device for an
additive 1s connected to the storage reservoir (18)

via an 1injection 1lire, wherein an additive can be



16.

17.

18.

19.

20.

introduced into the storage reservoi-r (18) by means of

the meterin g device.

The device according to one of Claims 10-15,
characteriz ed in that the ultrasonic treatment device
(20) compIxises an inductive, Plezoelectric or
magnetostri ctive ultrasonic generat or (38) that 1is
arranged on or in the housing of the storage

reservoir.

The device according to one off Claims 10-16,
characterizeed in that the injectior nozzles can be
inductively heated, and in that the corresponding
heater is puilse-width controlled.

The device according to Claim 17, characterized in
that the irmaductive heater for the -Dinjection nozzles
comprises coils that are placed arowand the injection

nozzles.

The device according to Claim 18, characterized in
that the corils are realized in the form of bifilar

compound coi ls.

The device according to one of Claims 10-19,
characterize d in that the signal of a sensor used for
controlling the injection time ira electronically
controlled i njection systems, particularly a needle-
lift sensor, can be amplified by mea ns of high-speed
electronics and transmitted to the electronically
controlled imjection system with a deffined delay.
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