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This'iqvention relates to & method of dperating
internal combustlon engines for 1nc§mpLete or partial
combustion of fuel and has special reference to a
process for efficlently producing synthqsis gas in an
internal combustlon engine coupled with the production
of power by the eﬁgins which 18 available for work 1ln
other phases of the gas generatlon or the syntheslﬁing
procass, ' . Y

) It is alﬁegdy known to produce synthesis gas.in an
Internal combustion engine. Thus, for instance, &

mixture of methane and oxygen, wiph a share of oxygen

which 1s smaller than that corresponding to the

- 8toechelometric proportion, may be burnt incompletely

or partlally. The composition of the exhaust'gﬁs in
this case 1s practically a gas mixture consilsting of
hydrogen and carbon monoxlde and being adapted for

synthesis, 1In addltlon to a corresponding composition

_ of the mixture to be burnt, primarily s faveorable

'temparature and preasure level of the cyeclic process is

required tp‘enSure that the chemical convarsioﬁ In the
angine takes place in the desired manner and that the
aynthesls gas which is produced has a favorable com~
position. This, however, 1s not the case, for instance,
when atarting the engine. It has been found by
experience thﬁt residues aré‘thareby formed 1nm the
working cylinders of the engine. Thus, for instanoce,
carbon miy be déposited on the spark plugs, causing
misfiring and finelly complete fallure of the ignition.
Also premature ignition may ba.uaused by such residuas.
It 18 an object of the pbesent invention to

eliminats these defects, and, more particularly, to

‘ﬂV01d 43 much as possible the formation of residues igf
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the working cylinders ot the internal combustion angine
in the production of synthesis gas.

With this and further objects in view, according to
the present lnventlon the engine is started with a
mixture of gas and air or with fuel oil of the type used
in internal combustion engines in normal, L.s., con-
ventional operation; hereby, even with cold engine a
safe and reliabls ignition and combustion 13 snsured.
When the engline has reached a condition which 1is
favorable for the production of synthesis gas as regArds
1ts temperature and pressurse conditions, ths englne
is changed to operation with synthesls gas. 'Ih this
manner the formation of substences is avoided which
would disturb an unaxceptionaﬁle operation of the
engine or cause troubles in any other respect.

Thuu,'for.instanco, in case of the above mentloned
generation of synthasis gas 1n an explosive combustion
or Otto cycle engina from a mixtura of methane and
oxygon the engine mhy be atarted and operated at first
with a mixture of methane and air of conventiocnal
oomposition. Only when the temperatuua and pressures in
the sngine havo reached values whiey are favorable for
the gonerltion of the desirad synthesis gas and when
the spark plugs are heated up accordingly, the engine
wlll be changed from operation with the methane-air
mixture to operationtwitn the mathane-oxygen mixture

Whioh is raqulred ror the gpnaration of the synthestls

gas. In thils way, detrimental depositions of carbon on
.the electrodes of the spark plugs, spark failures and
'prqmaturo lgnition will bve aq;g;y'hvoidad.
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In engina plants of the type heresinbefore described,
more particuLarly in plants consisting of a plurality
of separate engine gots, 1t may be dezirable or
necessary for practical reasons to run oﬁe or more of
the engine sets tempararily a3 normal internal
combustion engine, i.e. for the production of mechanical
power only, rather than for tne generation of synthesis
gas. In order to achieve thils aim according to a
further feature of the invention means are provided
which permit to change the engine even daring normal
oporst}on, efter the starting phase, from synthesis gas
operatlon to pure powar-producing operation or vipe versa,
Moreover, according to a further feature of the invention
8130 the exhaust 3ide of the engine 1s adapted to be
changed over in such a wey thdt in case of pure power-
producing operation the exhsust gases lssue into the
open alir directly or after passage through a wastﬂieat
sconomlzer or heat exchanger succeedling the internal
combustion engine, ¥hile in case of the generation of
synthesis gas the exhaust gas 1s supplied to the
consumsr of the synthesis gas. It will be understood
that in the production of synthesis ges the exhaust gas
1s supplied to the consumer of synthesis gas only after
having reached a suitabie compositlon in the course of
the starting phase.

The 1nventilon will be better understood by reference
to the following detalled description of an smbodiment
of a plant for the pgereration of synthesis gas from

methane which plant is dlagrammatically 1llustrated in

the accompanying drawing.
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In the drawing, all details have bsen omitted
which are not essential for carrylng out the process
agoording to the pressat invemtlon. It will be seon
that the plant comprises a gas engine 1 having a
worklng piston 2, an admisslon valve 3, an exhaust
valve 4 and an 1gn1t10n'defiee or spark plug 5.
Arranged on the admission side of the gR3 engine 13 a
tank or odntniner-é, to walch pure oxygen (0p) can be
suppiied thrOugh 2 pipe 7-;5& to which matﬁana (CH4)
can be supplied through a pips 8, unﬁgr coptrol of

valves or othar-dontfol ﬁambers g or 10, respectively.

' The mixture tank & can‘bo selectively connected, through

.& pipe 1l and a three-way valve 12, on the one - hand to

an exhaust or vent plpe 13 and on the- otnar hand to a

"of tne &as

fongino, tnrough an. adjustnbla]tnrottle valve 15, A

- ahut-off vnlve 16 1nutulléd 1n tho pipe 11ne 11 sorves

;aupply of tha mmthane-oxygpn mixtura

O trom, the, nu,xture tank &, Comlectod to the pipo 14,
betwean tno ad;]uutahle throttle valve ts‘ and the th:-ee-
: -way valve 12 and under ccntrol of 8 snut-off valvs 17
:;15 & pipe. line 18, whieh 1s connoctod .oxi -the ona hnnd
';witn an aip 1ntqke pipo 19 and on the. otner hand - through
| La pipa 20 with the pipe 2y 1ead1ng %o the: mixture tah; 6
'By a aontrol valve 21 aud & shut- off valvae 22 provided

-r-rinktnehpipa-zo 1t~1=~pnasible to:control: the supply

of methano from the pipe 20 when operating the angine
with an air mixture, or to cut off the supply or

‘ matnano cqmpletoly whon operating the engine for the
'fprodgution of synthasis @88,
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Provided on the exhaust valve zide of the . gas

, engine 18 an exhaust plpe 23 which throggh a.ﬁnrea—way
E valve 24 can be connected elthner to & pipa;Es;iéading
' into the open alr or to & collecting EAnﬁ éS’férfyl

i 3ynthesis gas from which tank 25 the synthesiq-gas

# can be supplied to the consumer through a pipe 27. ' It

NEE g

13 also contemplated to provide an plpe 25 a waste hea;
economlzer 28 for utilizing the heat of the exhaugt
gases discharged through pipe 25.

The operation of the plant 1s as follows: 'The

e N

gas engine 1 i3 at first started with a msthane-air

TR

mixture of the kind used in normal or convent ional
operation of & gas englne. ‘

During the starting period the valve 24 is adjsted
in such a way that the exhaust pipe 23 1s connected to
plpe 25. On the admisaion side of the gas ‘englne the
valve 17 for the methane-air mizture is open while the

valve 12 prevents the admission of the mothana-oxygan

‘mlxture fromtank 6 to pipe 14, The shut-off valve 22,
in pipe 20 on the other hang 13 In its open position.
Therefore, air i3 sucked on by the gas engine in known

manner threough the pips 19, a sultablas proportion of

e S e S e

5 methane belng added to the air tnrough pips 8, pipe 20
' and control valve 21, . .

Already during this starting period a mothane-

[

oxygen mixturs of a suitable compbsltionffor the productiocn
3 - of synthesis gns may ba prepared in the mixture tank 6.

: After opening the shut-off valve 16 the methane oxygen
mlxture flowa froﬁ the mixture tank through the three-

way valve 12 at first into the vent pipe 13 while the

bipe 14 to the gas engine 1s st1ll dlscomnected from

I!L the mixzture vank by the three-way valve 12+ The
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control vaive 9 in the oxygen feed pipe 7 and the control
valve 10 1n the wethane fasd pipe 8 to the mixturs tank

& serve for adjusting the proper composition of tne
methane-oxygen mixture for partial combustion,

After the gas engine by 1ts operation with & normal
meothane~-alr mixture has reﬁched the proper temperature
and the methane oxygen mixture in the mixture tank 6 hag
Been preparsd 3o a3 to have ths proper composltion, the
plant may be changed to the generation of synthesis gas.

To thils end, the shut-off valve 17 is clésed and the thres-way
valve 12 1s simultanecusly readjusted 1n such a way that

the mixture tank 6 i3 disconnected from the vent pipe 13 and
connected to the pipe 14 leading to the admission valve of
the gas englne. The supply oi‘mamhané to pipe 18 willl now
be cut off by cdosing th? shut~-ot'f valve 22. When the
changeover operation has been completed, the exhsust pipe

23 of the gas engine i3 connected with the synthesis gas
collecting tank 26 through the three-way valve 24 for
Supplying the synthesis gas thus generated to the consuner
through plpe 27,

By carrying out these operations in the rsverse order,
the gas engine may be changed from operation for the generatlon
of synthesis gas o operation with ordinary methane-alr
mlxture, according as synthesis gas and machanical powsr or
mechanlcal power alone i1s to be produced.

In both cases, i,e. in case of the generation of
synthesls gas and 1n case of opsration with a noraml aip
mixture the speed of tne gas englne i3 controlled by means
of the shut-brf valve 15, which in 1ts turn is under

control of a conventional centrifugal governor
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(not shown). The valves 17, 12 ang 22 may either be
cperated lndividually by hand, or they may be inter-
connected mechanically or in any otner mannsr for
enBuring a simultaneons or accurately temporized
oporation of tne various valves. In tonis way, faults
of operation 1in carrying out the ch&ngb4@yar can be
avolded td 8 large extent, TIf desired, the three-way){
valve 24 on the exhaust si1de of the gas engine may

also be included in the set of interconnected vALVes.

it

EM:Siiifnq invention has been deseribed in detasl
wlith raSpacpitonow preferréd oxample and embodiment

of tne invention it will be understood by those skilled
in the art after understanding tne invention tnet various
changss and modifications way he made without departing
from the spirit ang scope of the invention ang it 1s
intended, therefore, to cover all such cnanges and

godifications in tne appemded claims.




631653

-G
The embodiments of the invention in which an exclusive
property or privilege is clalmed are defined as follows:

1. A process for producing synthesis gas 1n an
internal combustion enginme comprising cold starting
the engine with a fuel mixture of methane and air in
the proportion of about 3:9 28 in a normal gas operatsd
engine for the .productiopn of mechanical power and
running said englne on sald mixture until the combustion
chamber wall reaches a temperature from about 1500 to
250°C without the deposit of soot in said chamber, and
then replacing sald fuel mixture with a syanthesls gag
produstion mixture composed of methane and oxygen in
the proportion between 1:0.76 and 1:0.5 as conventially
employed for the productlon of carbon monoxide and
hydrogen and 1ln a combustlon chamber preheated to a
temperature at wh;oh the prodnctiop gas 1s decomppsed
without the liberation of free carbon.

2. A process for producing synthesis gas in an
internal combustion engine comprising cold starting the
qngine with & fuel mlxture composed of & gassous
hydro-carbon and air in the proportion reguired in &
normal gas operated englne fqr tne production of
mechanical power and running said engine on sald mixture
until the combustlion chamber wall reaches a temperature
from about 150° to zﬁo%mitnbut the deposit of soot
in said chamber, and then replacing said fuel mlxture
with a synthesis gas production mixture composed of
methane and oXygen in the proportion betwesn L:0.75
and 1:0.5 a3 conventionaily employed for the
production of carbon monoxlde and hydrogen and in a

combustion chamber praheaﬁad to & temperature &t which
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the production gas 13 decomposed without the
liberation of fr;e carbon.

3. A process as in clalm 2, 3aid gaseous
hydrocarbon comprising vaporized Dissel engine fuel
odl.

4. A plant for generating syntheslia gas and
producing mechanical power, comprising an internal
cbmbustlpn engine, means for selectively supplylng
$o sald internal combustion englne a substentlally
entireliy cqmbustiﬁie fuel-~air mixture or a partially
combustible mixture adapted for the generation of
synthesis gas, & receiver for synthesis gas, and
means for selsctively discharging the exhaust gBSs
of the internal combustlon engine iInto the open alr

or into sald racelver.
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