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[57]‘ ABSTRACT 
Improved apparatus for mixing an oxygen containing 
gas with a vaporized, gasi?ed or atomized hydrocar 
bon within the mixing chamber of a gas reforming de 

‘ vice in whichv one or more tubes having discharge 
openings distributed over the flow cross section of the 
mixing zone supply the oxygen containing gas and fur 
ther have attached thereto guide baffles which gradu 
ally enlarge the unobstructed flow cross section con 
stricted by the tube or tubes. ' 

10 Claims, 4 Drawing Figures 
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APPARATUS FOR REACTING VAPORIZED, 
GASIFIED OR ATOMIZED HYDROCARBON WITH 

A GAS SERVING AS AN OXYGEN CARRIER 

BACKGROUND OF THE INVENTION 

This invention relates to apparatus for reforming va 
porized gasified or atomized hydrocarbons which are 
mixed with a gas serving as an oxygen carrier in a re 
forming device of the type having a mixing zone and an 
adjoining reaction zone in general, and more particu 
larly to an improved means of supplying the gas serving 
as the oxygen carrier to the mixing zone. 
Reforming devices of this type are used in particular 

for supplying fuel to internal combustion engines. 
Through their use, the fuel after being burned will emit 
a low level of pollutants. Apparatus of this nature are 
disclosed in US. Pat. applications Ser. No. 218,696 
now U.S. Pat. No. 3,828,736, ?led on Jan. 18, 1972 
and Ser. No. 270,923 now abandoned, filed on July 12, 
1972, and are designated therein as gas reformers. For 
the purpose of this speci?cation, a gas reformer is de— 
?ned as apparatus for generating a gaseous fuel by the 
chemical conversion ofliquid fuel. A liquid fuel such 
as gasoline and containing hydrocarbons is vaporized, 
gasified or atomized, mixed with an oxygen carrier gas 
and then conducted to a reaction zone for conversion 
into a gas mixture containing carbon monoxide, carbon 
dioxide and methane, and/or hydrogen which mixture 
is designated the reformed gas. The oxygen carrier gas 
is required for a soot free conversion. Generally, this 
gas will be be comprised partially of exhaust gases fed 
back from the internal combustion engine and/or other 
gases which serve as oxygen carriers such as air. The 
mixture of the oxygen carrying gas and the vaporized 
hydrocarbon fuel is provided to a catalytic converter at 
a temperature which lies within the range of the start 
ing temperature of the catalyst used and its tempera 
ture load limit. Within the catalytic converter the mix 
ture is passed through a catalyst carrier containing the 
catalyst used in the conversion. After conversion into 
the reformed gas, additional gas serving as an oxygen 
carrier, such as air, is mixed to the reformed gas prior 
to it being fed to the combustion chambers of the inter 
nal combustion engine. 
Thus, gas reformers of this nature in general will have 

a mixing zone which is joined to a reaction zone. The 
vaporized, gasified, or atomized hydrocarbon fuel 
(hereinafter wherein one of the words vaporized, atom 
ized, or gasified is used it shall be taken to mean any of 
the three similar states in which liquid fuel is placed in 
a state where it can be treated as a gas) is mixed in the 
mixing zone with an oxygen carrier. The mixture ob 
tained therein is then fed into a reaction zone in which 
the conversion to a reformed gas takes place. In general 
the reaction zone will be a catalytic chamber and will 
preferably include catalyst carriers formed of highly 
porous sintered bodies having a large number of pas 
sage canals for the gas, the passage canals being ar 
ranged approximately parallel to each other. Through 
the use of carriers of this nature, the gas reformers can 
be minaturized to the extent that they are suitable for 
use in motor vehicles. As noted above, the use of these 
gas reformers permits an operation of the internal com 
bustion engine which results in low levels of harmful 
emissions and thus helps to meet the current environ 
mental standards. In addition, because the starting fuel 
can be gasoline, such as that currently available at most 
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?lling stations, this reduction in harmful emissions is 

' obtained without a change in existing fuel supply facili 
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A number of problems occur in gas reformers such 
as those described above. These come about because 
in some cases the mixing of the starting components is 
not sufficient to achieve generation of the reformed 
gas. In addition, there is a danger that the ?ame can 
back?re from the reaction zone into the mixing zone. 
Thus, there is a need for a type of gas reformer which 
assures good mixing and avoids the dangers of back?r 
ing. 

SUMMARY OF THE lNVENTlON 

The present invention solves these problems by pro~ 
viding- improved apparatus for the mixing of the vapor 
ized, gasified or atomized hydrocarbon fuel with the 
gas serving as an oxygen carrier in gas reformers such 
as those described above. In particular, uniform mixing 
of the two starting components is achieved near the re 
action zone and thus the possibility of backfiring is 
eliminated. 
To obtain these results, the present invention pro 

vides within the mixing zone one or more tubes having 
discharge openings which are distributed over the cross 
section of the flow through the mixing zone. This dis 
tributes the oxygen carrier gas over the full flow cross 
section of the hydrocarbon gas. In addition, adjoining 
the discharge openings guide baffles are provided 
which extend from the one or several tubes in the direc 
tion of the reaction zone gradually enlarging the unob 
structed flow cross section as the mixture moves from 
the one or more tubes into the reaction zone. This re 
sults in a close and uniform mixing of the two starting 
componentsand additionally achieves a laminar flow 
which has very little turbulence, thereby substantially 
eliminating the possibility and danger of backfiring of 
the combustionable gas mixture from the reaction zone 
into the mixing zone. ' i ' 

The apparatus of the present invention allows a con 
trollable distribution of the oxygen carrier gas. It is pos 
sible, for example, to provide for more air or exhaust 
gas [oxygen carrier gas] to be mixed with the vaporized 
fuel at the periphery of the mixing zone than at its cen 
ter. This can be accomplished through the manner in 
which the discharge openings of the tube or tubes are 
arranged. Similarly, if desired, the oxygen carrier can 
be mixed uniformly over the entire cross-sectional area 
of the mixing zone. In that case, the discharge openings 
would be distributed uniformly across the cross 
sectional area of the mixing zone. The tubes referred to 
herein can be not only a conventional structure such as 
a pipe line but can also be systems of tubes which are 
formed, for example, in a ceramic body. 

It is also possible to arrange the tubes within the mix 
ing chamber so that they are capable of feeding differ 
ent gases as oxygen carriers. For example, the tubes at 
the outer periphery of the mixing zone may be con 
nected with a chamber for air and the tubes closer to 
the center with a chamber for exhaust gases from the 
internal combustion engine. With this arrangement, air 
will be mixed with the fuel at the discharge openings at 
the periphery of the mixing zone and exhaust gases 
mixed at the center of the mixing zone. 

In some cases, it may be desirable to feed the gas to 
the tube or tubes at right angles to the flow direction 
of the gas mixture of the fuel and oxygen carrier. The 
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tubes can be arranged in an arrangement where they 
are parallel to each other and can also be arranged in 
the form of concentric rings with at least one radially 
extending connection. The concentric rings need not 
necessarily be circular but may also be squares or rec 
tangles which have rounded corners. In an additional 
embodiment, a single tube, or a plurality of tubes in the 
form of spirals can be used to supply the oxygen carrier 
gas to the mixing zone. , 

In the illustrated embodiment, the guide baffles ex 
tending from the tubes are formed as part of the wall 
of the tube thereby resulting in a simplified mechanical 
design of the apparatus of the present invention. The 
guide baffles will preferably be plane surfaces. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic-cross-sectional view_ofa gas re 
former according to the present invention. 
FIG. 2 is a cross section through the tubes of the gas 

reformer of FIG. 1. 
FIGS. 3 and 4 are similar cross sections illustrating 

alternate arrangements for the tubes of FIG. 1. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT ' 

FIG. 1 illustrates a gas reformer containing the im 
proved mixing apparatus of the present invention and 
is schematically shown in cross section. The reformer 
elements are contained within a common housing 10 
having a portion 11 designated as a mixing zone and a 
portion 12 designated as a reaction zone. Hydrocarbon 
fuel is introduced into the mixing zone 11 through an 
injection jet 13. Within the mixing zone are provided 
a plurality of tubes 14 which serve to provide an oxygen 
carrier gas to the fuel injected into the mixing zone. 
The oxygen carrier gas is provided through an inlet 15 

. to a chamber 16 which is mounted laterally at the mix 
ing zone 11 and is in communication with tubes 14. 
This permits the gas to be fed to the reactor at right an 
gles to the flow direction of the gas mixture. Tubes 14 
contain a plurality of openings 17 which distribute the 
oxygen carrier gas over the entire ?ow cross section of 
the gas mixture. For ignition of the gas mixture a spark 
or glow plug 18 is provided in the mixing zone. Adjoin 
ing the tubes 14 are guide baffles 19 formed as part of 
the walls of the tubes 14. These are designed as plane 
surfaces and gradually enlarge the unobstructed flow 
section in the direction of the reaction zone 12. 
After mixing in the mixing chamber 11, the gas mix 

ture enters the reaction zone 12 wherein it is converted 
to the reformed gas. The reformed gas then leaves the 
reactor through the pipe line 20 and, after an addition 
of a further amount of oxygen carrying gas, is provided, 
for example, to the combustion chambers of an internal 
combustion engine in a motor vehicle. 
An additional opening 21 through which air may be 

provided during start up is installed. On start up, gaso 
line or another hydrocarbon fuel is introduced into the 
mixing zone 11 through the injection jet 13 at the same 
time as air is provided through the opening 21. The 
mixture formed by the vaporized gasoline and the air 
is then ignited by the glow plug 18, after which the glow 
plug is disconnected. Air is supplied into the mixing 
zone through the opening 21 until the starting tempera 
ture of the catalyst in the reaction zone 12 is reached. 
At this point, the air supplied through opening 21 is cut 
off and the oxygen carrying gas, i.e., air and/or exhaust 
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4 
gas, is then fed into the mixing zone through the tubes 
14. In addition, by relocating the ignition device 18, 
just before the reaction zone 12, air during start up may 
be provided through the tubes 14 and the opening 21 
eliminated. 

In the reaction zone, there are provided, for example, 
three catalyst carriers 22 each in the form of porous 
sintered blocks. The sintered blocks 22 are preferably 
provided with a large number of passage canals 23 
which are arranged approximately parallel to each 
other in the direction of gas ?ow. Typically, the sin 
tered blocks 22 will have a cross sectional area of about 
80 mm by 80 mm and a thickness of about 15 mm. 
They are normally arranged within the reaction zone at 
a mutual spacing of about 5mm. As an example of the 
type of sintered blocks which may be used are blocks 
made of a highly porous material, for example, of alu 
minum oxide and/or magnesium oxide or magnesium 
laluminum silicate. Blocks of this nature should have a 
pore volume which is between 20 and 60 percent, pref~ 
erably between 40 and 50 percent. The parallel passage 
canals which are perpendicular to the major surface of 
the singered block will have a diameter for example, of 
O.l to 2 mm. From the passage canals the gas mixture 
will get into the catalytically active centers in the free 
pores of the sinter block to cause the required reaction 
to take place. The number of passage canals per square 
centimeter depends on the diameter of the passage ca~ 
nals. For example, with passages having a diameter of 
about 1 mm, 1 square centimeter of the sintered block 
will have about 40 passages. 
Preferred catalysts for the conversion of fuel are 

nickel catalyst, a platinum catalyst or a nickel-platinum 
mixed catalyst. In general any catalyst which will con 
vert the fuel into a reformed gas containing carbon 
monoxide, carbon dioxide, methane, and/or hydrogen 
may be used. Nickel sponge, for example, can be used. 
This comprises nickel with a large active surface which 
does not sinter together at the temperature prevailing 
at the catalyst. By providing it with a gas which has car 
bon monoxide and methane and/or hydrogen in it, the 
internal combustion engine will be fed with a fuel 
which has a high octane number of over 100 and which 
will probably be in the range of 110. This permits the 
internal combustion engine to be operated using an an 
tiknock fuel without the addition of harmful sub 
stances. In addition, the catalyst used for the conver 
sion of fuel which may be nickel or platinum can be 
doped with uranium which will cause the preservation 
of the active centers in the catalyst. For a discussion of 
other suitable catalysts which may be used see US. ap 
plications Ser. No. 334,932, filed on Feb. 22, 1973 and 
Ser. No. 336,062, filed on Feb. 26, 1973. 
FIG. 2 shows a cross section II-—II through the appa 

ratus of FIG. 1. As shown, the oxygen carrier gas will 
enter through the inlet pipe 15 into the chamber 16 
from which it is distributed to the pipes 14 and exists 
from the passage openings 17 to mix with the fuel. 
FIG. 3 shows a cross sectional view of a different em 

bodiment wherein the tubes 14 of FIG. 1 are of circular 
cross section. As shown, tubes 30, 31 and 32 are ar 
ranged in concentric rings and provided with radial 
connecting lines 33 and 34. The use of the two feeding 
lines 33 and 34 permits feeding different gases from the 
two chambers 35 and 36. For example, air may be pro 
vided to the chamber 35 from which it will ?ow 
through the tube 33 into the circular tube 30. At the 
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same time, exhaust gases may be provided to the cham 
ber 36 from which they flow through the radial pipe 34 
to the two circular tubes 31 and 32. The two oxygen 
carrying gases, i.e., air and the exhaust gases will then 
enter into the mixing zone designated 39 via the respec 
tive discharge openings 37 and 38 to be mixed with the 
vaporized fuel. ' 

The embodiment of FIG. 4 illustrates a spiral tube. 
Here a single tube 40 is arranged in the form of a spiral 
having discharge openings 42. Thus, again the oxygen 
carrier gas is effectively distributed over the cross sec~ 
tional area of the mixing zone 41. 
Although particularly useful in motor vehicle internal 

combustion engines, the apparatus of the present in 
vention may also be used for feeding industrial and resi 
dential burners. In addition, the combustible gases pro 
duced in the reactor of the present invention may also 
be used, for example, as a reducing gas in metallurgical 
processes, particularly in industrial burners. 
Thus an improved apparatus for mixing an oxygen 

carrier in a gas reformer has been shown. Although 
specific embodiments have been illustrated and de= 
scribed it will be obvious to those skilled in the art that 
various modifications may be made without departing 
from the spirit of the invention which is intended to be 
limited solely by the appended claims. 
What is claimed is: 
1. In apparatus for the catalytic reaction ofa mixture 

of evaporated liquid fuel and an oxygen carrying gas to 
form reformed gas, comprising: 

a. a mixing chamber which is free of catalytic mate 
rial; 

b. a reaction chamber adjacent to the mixing cham 
ber and connected therewith, which contains cata 
lytic material; 

c. means for feeding the evaporated liquid fuel to said 
mixing chamber in such a manner that a flow 
through the mixing chamber and the reaction 
chamber is established; and 

(1. means within the mixing chamber to mix the oxy 
gen carrying gas with said evaporated liquid fuel, 
wherein the improvement comprises improved 
mixing means comprising: " ' 

l. at least one tube with a multiplicity of discharge 
openings for the oxygen carrying gas, which 
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6 
openings are distributed over the flow cross sec 
tion' of the mixing chamber in such a manner that 
the oxygen carrying gas leaves said tube perpen 
dicular to the ?ow direction of the evaporated 
liquid fuel flow through the mixing chamber; 

2. gas guide surfaces arranged adjacent to the dis 
charge openings at the tube, said surfaces ex 
tending in the flow direction of the evaporated 
liquid fuel ?ow up to the vicinity of the reaction 
chamber, said surfaces gradually increasing the 
clear flow cross section narrowed down by said 
tube; and 

3. means for supplying the oxygen carrying gas to 
said tube. 

2. The invention according to claim I wherein said at 
least one tube comprises a plurality of tubes parallel to 
each other. - 

3. The invention according to claim I wherein said at 
least one tube comprises a plurality of tubes in the form 
of concentric rings supplied by at least one radial con 
nection. 

4. The invention according to claim 1 wherein said at 
least one tube comprises a single tube of a spiral shape. 

5. The invention according to claim 1 wherein said 
guide surfaces are formed as part of the tube wall. 

6. The invention according to claim 1 wherein said 
guide surfaces are plane surfaces. 

7. The invention according to claim 1 wherein said 
discharge openings are uniformly distributed over the 
flow cross section. 

8. The invention according to claim 1 wherein a plu 
rality of said tubes are provided, said supply means in 
clude at least two chambers to supply at least two oxy 
gen carrying gases, and different ones of said tubes are 
connected to different ones of said at least two cham- . 
bets. 

9. The invention according to claim 1 wherein said 
catalytic material comprises at least one catalytic car~ 
rier provided with a catalyst. 

10. The invention according to claim 9 wherein said 
catalytic carrier comprise porous sintered blocks hav 
ing a large plurality of essentially parallel passage ca 
nals formed therein. 

=1: * * >l< =|< 
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