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Application August 25, 1949, Serial No, 112,326A
12 Claims. (Cl. 48—212)

TheApresent invention relatéé to the generation
of synthesis gas comprising hydrogen and car-

bon monoxide by the partial combustion of a hy--

drocarbon with free oxygen in the combustion
space of a cyclically operating, internal combus-
tion engine. .

More specifically, the present invention -con-
cerns the process of separately introducing the
reactants to the engine combustion zone duriug
the intake stroke or portion of the engine cycle,
effecting their admixture in the proper propor-
tion for partial combustion to hydrogen and car-
bon monoxide, subjecting the mixture to sub-
stantial compression, and thereafter igniting the
compressed mixture and causing it to burn with
ensuing expansion of combustion products.

The product gas is withdrawn or exhausted,
preferably during contraction of the combustion
zone, and the cycle continuously repeated to in-
sure a continuing supply of product composed es-
sentially of hydrogen and carbon monoxide.

The present invention contemplates separately
charging or introducing the reactants, in rela-
tively pure condition, into the engine combustion
zone, preferably during movement of the piston
away from the cylinder head, in consecutive order
such that substantial admission of the hydrocar-
bon takes place prior to initiating the admission
of free oxygen.

The admission of the reactants may take place
consecutively over separate periods of time such
that admission of the hydrocarbon ceases prior
to admission of .the oxygen.

However, it has been found permissible and ad-
vantageous from the standpoint of reducing
somewhat the pressure drop across the inlet
valves, to continue hydrocarbon admission dur-
ing the initial portion, at least, of the free oxygen
admission. This follows from the fact that over-
lap of reactant admission is not materially ob-
Jjectionable where the initiation of OXygen admis-
sion is preceded by substantial charge of hydro-
carbon to the combustion chamber. It is particu-
larly true where the overlap occurs during the
intermediate portion of the intake stroke; that
is to say, where simultaneous admission of hy-
drocarbon and oxygen oceurs in the region be-
tween about 45° after top center and about 45°
before bottom center, in which the piston reaches
its maximum range of velocity away from the
cylinder head. Accordingly, simultaneous in-
troduction of the reactants within approximately
45° of top and bottom center is advantageously
avoided.

The invention additionally contemplates over-
lapping the exhaust or product withdrawal por-
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tion of the cycle with the admission of hydrocar-
bon, or alternatively, with the injection of water
vapor or steam to effect substantial purging of
the product gases from the combustion space and
thereby materially improve the volumetric effi~
ciency of the engine. The use of steam is out-
standingly advantageous in this connection, first,
because water vapor constitutes a beneficial re-
actant in regulated, predetermined proportions,
and second, because any excess will simply carry -
into the product gases, where it is readily re-
movable by condensation. As a result, excessively
acute metering of the steam injection is not man-
datory, and in a reciprocating engine of the type
contemplated, the proportion of water vapor thus
retained in the reaction space for admixture with
the hydrocarbon and OXygen charge is readily
maintainable in’ close approximation to the de-
sired, predetermined value. g -

The outstanding feature of the bresent inven-
tion is that is overcomes the irregular and un-
certain operation of combustion engine synthesis
8as generators which has been variously deseribed
as backfiring, detonation and preignition. In
general, such operations are characterized by an
interruption or misfire in the nature of 3 back-
fire in which the engine loses several cycles ‘until
something approaching regular operation is
reached, at which time the difficulty tends to re-
occur. The net result is g continuing irregularity
of operation with material loss in developed
an inferior yield and pur-
ity of the synthesis gas product.

This problem is believed, on the basis of theory
developed from actual observation, to be due to
a number of factors:

First, simultaneous, separate injection or ad-
mission of the reactant gases during the intake
portion of the cycle results in a contact of the
bure, highly reactive, molecular oxygen with
highly combustible, residual product gas, which
frequently is still in the final stages of partial
combustion and under the influence of the high
explosion temperature. Manifestly, under these
conditions, misfiring will always be imminent:

Second, near top and bottom dead center, when,
the pressure drop into the cylinder reaches a
minimum, simultaneous injection of the reactants
is affected by relatively small differences in the
manifold pressures of the reactants. Actually, it
appears that under ordinary operating differences
in manifold pressure, the higher pressure resctant
may tend to move reversely through the valve or
port provided for the admission of the comple-
mentary reactant. In such case, mixture of the
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reactants occurs in the manifolding, in advance
of the combustion zone providing an ignitable
mixzture, the ignition of which interrupts the feed
to the cylinder ang, in any event, causes undesired
disproporiianing of the feed mixture reaching the
mven where careful precautions are
taken to mainisin identical pressures in the
oxygen and hydrocarbon gas manifolds, differ-
ences in pressure invariably tend to occur and
contribute to the difficulty.

Tn accordance with the present invention,
however, the residual hot combustion product
geses make first contact exclusively with the fresh
hydrocarbon for a period during which substan-
tial cooling occurs. Therefore, when the stream
of free oxygen is subsequently admitted, tem-
peratures are sufficiently below the combustion
range to prevent uncontrolled burning of the
mixzture.

Similarly, reverse flow or leakage of one re-
actant into the manifold provided for the other
reactant is positively prevented near top dead
center, and preferably also at bottom dead cen-
ter, where cylinder suction is low. As indicated
above, however, during the intermediate portion
of the suction stroke, when the combustion space
is rapidly expanding with creation of a suction
and maintenance of & comparatively great pres-
sure drop across the inteke valves, the simulta-
necus admission of the reactants is permissible.
This has the advantage of permitting a substan-
tial angle of admission to assure adequate charg-
ing of the reactants without excessive positive
pressures in the intake manifolds.

In order to more specifically disclose the pres-
ent invention in greater detail, reference is had
to the attached drawing, wherein Figures 1 and
2 show respectively vertical and horizontal sec-
tional views of a combustion engine cylinder
embodying the principles of the present inven-
tion, and Figures 3 and 4 are diagrammatic rep~
resentations of typical operating cycles.

In the engine disclosed in Figures 1 and 2,
which may be of a multicylinder type, an indi-
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vidual cylinder designated by the reference nu-

merzal {0 receives a verticaliy reciprocating piston
{1, attached through pin {2 and connecting rod
13 to a crank shaft not disclosed, which delivers
the available mechanical energy. A cylinder
head 15 is provided, wherein four separate valves
16, 17, 18 and {9 lead respectively to individual
manifolds 20, 21, 22 and 23.

In the embodiment disclosed, manifold 20 re-
ceives a product synthesis gas through outlet
valve 16. Manifolds 21 and 23 respectively sup-
ply a stream of pure oxygen and a stream of
gaseous hydrocarbon. Manifold 22 supplies
steam under pressure through valve 18, :

Ignition is effected by means of a spark plug
25 connected with electrical igniting means not
shown and timed as will hereinafter be disclosed
in greater detail. .

Valves 11, {8 and i9 are preferably shrouded
as indicated at 26, 27 and 28 with annularly dis-
posed projections arranged to insure high turbu-
lence and therefore complete mixing of the ad-
mitted reactants by effecting admission or in-
jection in about the same rotational direction
with reference to the axis of the cylinder. It will
be understood that the exact arrangement or

construction of the mixing shrouds does not, v

per se, form an essential part of the present in-
vention, and accordingly, this construction is
not shown in detail. Actually, it has been found
that shrouds extending annularly through
90-180° of the valve are effective when faced in
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genersily the same rofstional direction. How-
ever, this construction may obviously be varied
widely o secure sdequate mixing and aiterna-
tively, provision of directional intake ports and/or
turbulence produeing cylinder head arrange-
ments may be substituted for this purpose.

in accordance with one embodiment of the
present invention, provision, not shown, is made
for timing the operation of the valves and igni-
tion means in accordance with the diagram set
forth in Figure 3.

Therein, progressing in a clockwise direction
from the point A there is symbolized the complete
cycle of operation in the case of a typical four-
stroke cycle reciprocating engine. The vertical
line 26 symbolizes the angular position of the
combustion engine cylinder axis. Therefore,
point 27 represents top dead center and point 28
bottom dead center. Accordingly, the angular
movement on the right hand side of the line 26
covers the approximate intake and combustion
or burning portions of the cycle, whereas the
opposite side of the diagram relates, in general,
to the compression and outlet or exhaust re-
gions.

Beginning with the exhaust or outlet portion
of the cycle at the angular position A the ex-
haust valve opens, preferably though not neces-
sarily, somewhat in advance of bottom dead cen-
ter, and remains open throughout approximately
the entire exhaust stroke, as represented by the
shaded area entitled “Exhaust,” during which the
product gas produced in a previous cycle of op-
eration flows through outlet valve 6 into the
exhaust manifold 20. In the cycle shown, ex-
haust valve opening takes place at 14° before
bottom center, and closing occurs at 10° after
top center as indicated by the angular distances
30 and 3{ respectively.

At approxzimately top dead center, and pref-
erably somewhat in advance thereof, at the an-
gular position C, the hydrocarbon inlet valve
opens so the feed hydrocarbon under pressure
enters frora manifold 23 through inlet valve 8.
Admission of the hydrocarbon gas, in the specific
embodiment selected, takes place an angular dis-
tance 32 of 10° before top center and continues
throughout the shaded portion of the cycle en-
titled “Hydrocarbon Admission” to the angular
position D, located 100° after top center, as indi-
cated by arc 33. Closing position of valve 19 may
vary widely from that shown, preferably being
about or somewhere after the first half of the
inlet down stroke.

Continuing the first circle of rotation, the
oxygen valve (T opens at angular position E, at
Jeast about 45° after top center, and specifically
75° ATC in the selected embodiment (see arc 34),
admitting oxygen under pressure from manifold
2( through valve 11 and continuing such admis-
sion through a substantial angular period repre-
sented by the shaded area entitled “Oxygen Ad-
mission” which terminates at angular position F,
preferably about or slightly after bottom dead
center, and specifically 15° after bottom dead
center as indicated by arc 35.

Following this point, with the valves closed,
the engine goes through almost a complete revo-
lution in which the mixed gases are compressed,
subjected to ignition at point 40, and thereafter
burned as indicated in the line designated as
“Compression and Burning” which continues to
angular position A, at which the four-stroke cycle
of operation is repeated. ’

It will be noted that hydrocarbon admission
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takes place over a substantial angular distance
before the oxygen stream is admitted. Also, oxy-
gen admission is initiated at a point between the
top and bottom dead centers, at which time the
combustion cylinder is under substantial suction
to prevent backflow of reactant through the inlet

5

port or ports. Likewise, the hydrocarbon admis-

sion is terminated considerably in advance of
bottom dead center for substantially the same
reason. .

It is to be understood, as intimated above, that
overlap of the hydrocarbon admission and the
oxygen admission periods is not essential, and
therefore, the angular position D may coincide
with or be slightly in advance of the angular
position E so that the two inlet valves are not
simultaneously open. .

However, as stated above, the indicated over-
lap is not materially disadvantageous to engine
operation and tends to improve volumetric engine
efficiency somewhat by facilitating charging of
the cylinder without excessive manifold reactant
pressures.

Attention is specifically directed to the slight
angular valve overlap near top dead center, as
between the outlet valve (6 and the hydroearbon
admission valve 19. As a result of this arrange-
ment, the clearance space or pocket of the cylin-
der is purged or swept with a predetermined
amount of hydrocarbon gas which carries before
it the product gas. Since the clearance space
may amount to 40% of the cylinder displacement
volume, a substantial improvement in volumetric
engine efficiency is thus realized.

Manifestly, the overlap between the angular
positions C and B is so selected as to prevent any
material contamination of the withdrawn prod-
uct gas with feed hydrocarbon. In other words,
the overlap is such as to effect an approximate
metering of purging gas with due regard to en-
gine design, so that the product is forced out of
the cylinder substantially free from contamina-
tion by purging gas.

However, in its broadest aspect, the invention
contemplates omitting this overlap between out-
let and inlet valves in instances where cylinder
purging is not desired, in which case the angular
position B may precede position C so that the
outlet valve closes at or before the time the hy-
drocarbon admission valve opens.

Therefore, in operation the ‘engine continu-
ously goes through an exhaust period followed by
a substantial period of hydrocarbon admission
before subsequent admission of oxygen during or
after which the reactants are thoroughly mixed,
compressed, ignited at the point 40 and sub-
jected to burning to produce a gas composed es-
sentially of hydrogen and carbon monoxide.

Figure 4 of the drawing sets forth in similar
form a diagram of an alternative nreferred cycle
of operation wherein the cylinder is scavenged or
purged at the end of the exhaust stroke by iniec-
tion of steam or water vapor. To this end, the
exhaust period starts with the ovening of the
exhaust valve at the angular position A, in this
case, 20° before bhottom center, continuing to
about 10° before top dead center, where it termi-
nates by closures of valve 16 at angular posi-
tion B.

However, at a point of angular position G 30°
before top center, that is, 20° before the exhaust
valve is closed, steam injection valve {8 opens,
sweeping the residual product gas through out-
let valve {6.

.As above indicated, the period of opening of
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the steam injection valve is not extremely criti-
cal since any small amounts of steam or water
vapor carried off with the product gas through
the outlet manifold 20 are readily removable by
condensation. The valve (8§ remains open dur-
ing the period represented by the shaded area
entitled “Steam- Admission.” Thereafter, hydro-
carbon admission is effected through the major
portion of the down-stroke, as indicated, to the
line D about 90° after top center, at which time
oxygen admission is ‘initiated amd continues
through to the angular position P 15° after bot-
tom center. In this embodiment, compression,
ignition and burning proceed as before, while the
engine cyclically delivers substantially pure syn-
thesis gas. .

It is to be understood that there is a wide per-
missible variation of valve and ignition timing
from those disclosed in the above embodiments.
For example, opening of the exhaust valve ysually
takes place anywhere from 40° before to 40° after
bottom center, but preferably, at least 10° in ad-
vance of bottom center. While the exhaust valve
normally closes at about top dead center, it may
have adjusted in accordance with engine charac-
teristics to close from 20° In advance to 20° be-
yond top center.

In order to effect efficient. charging of reac-
tants, the hydrocarbon gas valve advantageously
opens about or before top center, as for example,
as much as 20° in advance, Advantageously,
it does not close until 90° after top center,
preferably as indicated, somewhat before bottom
center. Similarly, the oxygen valve opens at
least 45° after top center, for example, from 75
to 102° after top center, and may close above
or preferably somewhat after bottom center, as
for example, 10° or up to 20° thereafter. The
ignition point 40 depends on known principles
of engine design and operation which, per se,
form no part of the present invention. There-
fore, spark timing is preferably adjusted for
development of maximum mechanical energy
with due regard to engine speed and other ehgine
characteristics.

In accordance with one example of actual op-
eration of an engine constructed as above,
wherein separate feeds of- Montebello natural
gas and a rectified oxygen stream of about 99.59,
purity are supplied, the following cycle of timing
was observed:

Exhaust valve opens_______________ i4° BBC
Exhaust valve closes_______________ 20° BTC
Natural gas valve opens____________ ™nC
Natural gas valve closes___._________ 90° ATC
Oxygen valveopens________________ 102° ATC
Oxygen valve closes________________ “12° ABC

BBC—hefore bottom center.
BTC—before top center.
top dead center.

The Montebello natural gas contained over
80% methane. Inlet manifold -pressures were
maintained continuously at about 62 p. s. 1. g.
The natural gas and oxygen streams were fed
in the relative ratio of about 1.21 O/C. Opera-
tion was continuous, uninterrupted and regular
over long periods of time, yielding a product
synthesis gas of the following approximate com-
position on a dry basis:

ABC—after bottom center.
ATC—after top center. TDC—

CO 35.51
CO2 T 2.85
Hz ... o 59.64
CH. __ T 1.18
C2Hsg —- - 0.04
N2 0.79
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In accordance with another example, the en-

gine timing was set as follows:

Exhaust valve OpensS——--eeecee—e--- 40° BBC
Exhaust valve ¢loseS o cmmmaeeeaee 20° ATC
Natural gas valve opens—.————————- 20° BTC
Natural gas valve cloSes —cw—ceeeeee 90° ATC
Oxygen valve opens. . o—e—emvme 75° ATC
Oxygen valve closes oo c—m e 15° ABC

The composition of the product gas did not vary
materially from that set forth in the previous
example. However, there was a material and
definite increase in the total production of syn-
thesis gas, due, presumably, to the purging effect
reslized as the result of the overlap between the
open period of the natural gas valve and that
of the exhaust valve. As previously intimated,
the effect of sweeping product gas from the
clearance space of the cylinder is to increase
total gas production. In the case of the engine
employed in the above examples, the increase is
about 6-10%.

Engine operation was likewise continuous and
uninterrupted over long periods.

1t is important to note that substantially iden-
tical results, as regards engine operation and
volumetric eficiency may be realized by ter-
minating the overlap between the natural gas
and exhaust valves, and, in Heu thereof, inject-
ing steam during the end of the exhaust period.

For example, in an engine otherwise operating
identically as above, the exhaust valve closes
and the natural gas valve opens at top dead
center. Valve I8 opens at about 20° BTC and
closes at top dead center, admitting purging
steam at about 60 p. s. i. g. to sweep the cylin-
der substantially free of residual gases. Aside
from s somewhat increased proportion of iree
hydrogen in the final product gas, the advan-
tageous features of the present invention, evi-
dent from the previous examples, are all ex-
perienced.

As above indicated, the invention especially
contemplates feeding the engine with a normally
gaseous hydrocarbon such as methane, and the
C2—C: hydrocarbons, such, for example, as are
found in natural gas. Broadly, however, the
feed may include gasiform or vaporform hydro-
. carbons, for instance, normally liquid hydro-
carbons which are fed in a gasiform condition
under a substantial preheat.

Actually, preheating of either or all the reac-
tants to temperatures of 300-600° F. and higher
is specifically contemplated as a means of im-
proving thermal efficiency. It is to be under-
stood that in spite of the preheating, the tem-
perature of the feed hydrocarbon is usually sub-
stantially lower than that of the residual com-
bustion mixture so that an initial cooling or
quenching occurs to a range at which uncon-
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free from difficultly removable contaminating
gases such as nitrogen.
The ratio of oxygen to hydrocarbon for the pro-

duction of the desired synthesis gas forms, per se,

no part of the present invention, but is deter-
mined in general by the stoichiometric propor-
tions indicated for partial combustion to form
maximum hydrogen and carbon monoxide. How-
ever, as is known in the production of combus-
tion engine generator gas, from the standpoint
of yield, a slight excess of oxygen is usually ad-
vantageous. The preferred range of feed pro-
portioning to achieve these objectives is best ex-
plained in terms of the atomic O/C ratio of the
total reactants supplied. Optimum yield for a
typical engine ordinarily occurs with an O/C feed
ratio of about 1.0:1 to about 2.5:1. In each in-
stance, however, the most appropriate ratio for
maximum yield depends upon the specific char-
acteristics of the engine and is best determined
by actual trial and error.

In spite of the fact that the detailed examples
have been given in terms of a four-stroke cycle
engine, it should be apparent that the disclosure
in its broadest aspect is not so limited since
sequential injection of the reactants may be ef-
fected prior to, during, or after compression and
before ignition, in accordance with known en-
gine practice. For example, provision may be
made for separately injecting methane and oxy-
gen at the bottom of the exhaust stroke in a two-
cycle engine such that the oxygen is admitted
only after substantial methane injection. Al-
ternatively, in this type of engine, the hydro-
carbon may be injected and compressed to either
or wholly or partly before pressure of the oxygen.

The injection of the steam, as in a previous
example, results in metered inclusion of a pre-
determined amount of water vapor in the re-
actant mixture, which is subjected to ignition.
Alternatively, as also shown, steam injection
may be omitted. However, supplemental addi-
tion of minor proportions of water vapor or steam
are usually beneficial, and even where separate
steam injection is omitted, it is desirable to-in-
clude small proportions of water vapor or steam
with the hydrocarbon gas or oxygen steam sup-
plied to the engine. In general, the proportion
of water vapor which may be included may range
up to about 50% of the molal volume of free
molecular oxygen supplied to the engine.

In the illustrated descriptions above, the pre-

. ferred valve shrouding is aligned to produce a
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trolled ignition is inhibited. Therefore, it is -

manifest that the present process enables a sub-
stantial and desirable preheating of the reac-
tants without the misfiring or preignition tend-
ency which otherwise would accompany the

65

simultaneous introduction of relatively high tem- °

perature methane and oxygen streams into the
combustion zone.

The feed stream of oxygen is, as previously
emphasized, advantageously enriched or rectified
gas composed predominantly of molecular or
free oxygen. Preferably, it contains over 80%
and desirably over 90-95% oxygen. As & result,
the product comprises a high purity mixture of
hydrogen and carbon monoxide substantially

70
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unidirectional swirl. As there intimated, how-
ever, the highly desirable intimate admixing of
the reactants may be realized by arranging the
valve shrouds in rotationally opposed directions
so as-to induce opposing swirling of the intro-
duced reactants. By such means, for example,
the hydrocarbon swirl is established first in one
direction whereas the later admitted oxygen is
caused to swirl in the opposite direction. Actu-
ally, it appears at the present time that opposed
swirling provides somewhat more thorough mix-
ing. Accordingly, the invention contemplates
any combination of swirling actions effective to
realize the desired mixing and combustion.

Obviously, many modifications and variations
of the invention as hereinbefore set forth may
be made without departing from the spirit and
scope thereof, and therefore only such limifa-
tions should be imposed as are indicated in the
appended claims,

I claim:

1. In the combustion engine generation of syn-
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thesis gas by the reaction of a gasiform hydro-
carbon with free oxygen wherein said reactants
are separately charged into the combustion space
of a eyclically operating, internal combustion
engine in approximate relative proportions for
the formation of a partial combustion product
composed essentially of hydrogen and carbon
monoxide, mixed and compressed therein, sub-
Jjected to internal combustion with the genera-
tion of mechanical energy, and the product hy-
drogen and carbon monoxide is thereafter with-
drawn as a relatively pure stream, the improve~
ment which comprises charging such reactants
to the combustion space in consecutive order such
that the gasiform hydrocarbon is first admitted
and the admission of the free oxygen later initi-
ated after substantial prior admission of the
hydrogen. '

2. The method according to claim 1, wherein
the reactants include water vapor.

3. The method according to claim 1, wherein
water vapor is admitted to said combustion space
during the latter portion at least of the with-
drawal of the products of reaction from g prior
cycle, thereby causing substantial purging of the
desired gasiform reaction products from the com-
bustion space.

4. The method according to claim 1, wherein
the reactants include hydrocarbon gas. .

5. In the combustion engine generation of Syn-
thesis gas by the reaction of a gasiform hydrocar-
bon with free oxygen wherein said reactants are
charged to the combustion space of a cyclically
operating, internal combustion engine in approxi-
mate relative proportions for the formation of a
partial combustion product composed essentially
of hydrogen and carbon mc2oxide, compressed
therein, subjected to internal combustion with the
generation of mechanical energy, and the product
hydrogen and carbon monoxide thereafter with-
drawn as a relatively pure stream, the improve-
ment which comprises separately charging the re-
actants in the combustion space by steps includ-
ing first initiating the admission of said hydro-
carbon, initiating the admission of the oxygen
after substantial admission of said hydrocarbon,
and terminating admission of the hydrocarbon
substantially prior to termination of the admis-
sion of said oxygen.

6. In the combustion engine generation of syn-
thesis gas by the reaction of a gasiform hydrocar-
bon with free oxygen wherein said reactants are
charged to the combustion space of a cyclically
operating, internal combustion engine in approxi-
mate relative proportions for the formation of a
partial combustion product composed essentially
of hydrogen and carbon monoxide, compressed
therein, subjected to internal combustion with the
generation of mechanical energy, and the prod-
uct hydrogen and carbon monoxide thereafter
withdrawn as a relatively pure stream, the im-
provement which comprises separately charging
said reactants to the combustion space in relative
order such that the hydrocarbon gas is first ad-
mitted and the oxygen is later admitted and form-
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- relatively pure

Ing a substantial admixture of said introduced gas
prior to combustion thereof within the combus-
tion space.

7. In the combustion engine generation of syn-
thesis gas by the reaction of a gasiform hydrocar-
bon with free oxygen in a cyclically operating, re-
ciprocating, internal combustion engine wherein
said reactants are separately charged to the com-
bustion space of the internal combustion engine
in approximate relative proportion for the forma-
tion of a partial combustion product composed
essentially of hydrogen and carbon monoxide and
wherein the separately introduced reactants are
mixed, compressed, subjected to internal combus.
tion therein with the generation of mechanical
energy and the product hydrogen and carbon
monoxide thereafter exhausted as a relatively
pure stream, the improvement which comprises
charging said reactants to the combustion space
subsequent to exhaustion therefrom of the major
portion at least of the reaction product gases re-
sulting from prior eyclic operation, in such rela-
tive order that a substantial proportion of the
hydrocarbon is admitted before admission of the
oxygen and terminating admission of the hy-
drocarbon prior to termination of the admission
of the oxygen.

8. The method according to claim 7, wherein
the reactants include water vapor.

9. The method according to claim 7, wherein
water vapor is admitted to said combustion space
during the latter portion at least of the period in
which the products of reaction are being ex-
hausted therefrom, thereby effecting a purging of
the desired gasiform reaction products from the
combustion space.

10. The method according to claim 7, wherein
the reactants include hydrocarbon gas,

11. In the combustion engine generation of syn-
thesis gas by the reaction of g gasiform hydrocar-
bon with free oxygen wherein said reactants are
separately charged into the combustion space
of a cyclically operating, internal combustion en-
gine in approximate relative proportions for the
formation of a partial combustion produet com-
posed essentially of hydrogen and carbon monox-
ide, mixed and compressed therein, subjected to
internal combustion with the generation of me-
chanical energy, and the product hydrogen and
carbon monoxide is thereafter withdrawn as g
stream, the improvement which
comprises charging such reactants to the combus-
tion space in consecutive order such that the
gasiform hydrocarbon is first admitted under
pressure during the latter portion of said with-
drawal of the product hydrogen and carbon mon-
oxide such that the residual products of reaction
are positively swept from the combustion space
by the admitted hydrocarbon, and thereafter ad-
mitting oxygen to the combustion space.

12. The method according to claim 11, wherein
the reactants include water vapor.

JAY B. MALIN,

- No references cited.
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