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UNITED STATES

, 738,620

PATENT OFFICE

FRED UMPLEBY, OF LOCEWOOD, EUDDERSFIELD, ENGLAND

CATALYTIC GAS GENERATOR

Applicatiorn filed January 29, 1927, Serial No, 164,392, and in Great Britain January 29, 1928,

This invention. relates to the manufacture
of oases of a ;
fuels asthircoal, coal, Coke, lignite, peat, tar,
bituminous, oranimal;ihineral, or vegetable
oils;ory after, g dusts.

My invention comprises improved and sim-
plified apparatus in which the solid or liquid
carbonaceous materials are continuously gasi-
fied as they are passed through an externally
grooved tefradtory gasification or distilla-
tion chamber situated in a furnace hested by
means of gaseous liquid or pulverized fuels,
the said apparatus being constructed and ar-
ranged so as to utilize the accelerating cata-

15 Iytic influence of an incandescent surface upon

combustion and to increase the amount of
active incandescent surface by externally
grooving or otherwise roughening the recep-

tacle and the interior surface of the heating .

chamber, and thus completing the combustion

of the fuel used to heat the heating chamber at

increased rates and temperatures, S
My research upon this type of gas generator

+ heating chamber indicates that high tempera-
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tures are rapidly attainable and that if failure

of the refractory receptacle is to be obviated

the receptacle and heating chamber must be
equally heated throughout their operative
length, and that equal heating muoy be at-
tained by distributing the combustible mix-
ture of fuel and air to the heating chamber
equally throughout its operative area; or
when pulverized fuels are utilized to heat the
heating chamber, combustion may be com-
menced in & heating chamber of relatively
large volume and be completed in a heating
chamber of much smaller volume at inereased
gas velocities under iIncandescent surface
combustion conditions. The heating chamber
is arranged within a gas generator shell or
body provided with apertures or nozzles or

the like for the admission to their respective:

channels, of the fuel and air for heating the
heating chamber; the materials to be gasified
along with their trarsporting or injecting
air or gas streams, and any air, gas, steam,
or water vapor, participating in the thermo-
chemical gas reactions taking place within
the gas generator, and apertures for the emis-
sion of the products of combustion from the

a_combustible riature from such any ash or residue

heating chamber, the gases generated, and
from the materials being
gasified orfrom the heating chamber fyels.

Solid-carbonaceous materials are first pul-
verized in a pulverizing machine until they
will pass through a sieve having 100 to. 200
meshes per inch and then fed into the gen-
erator at its upper end in a continuous dis-
persed stream and their volatile content first
distilling out the resultant gases are removed,
whilst the incandescent residue of carbona-
ceous coke-like particles being comparatively
heavy pass forward along the receptacle to
meet and react with superheated steam from
the steam screen to form combustible gas
which also passes out of the genérator along
with the distilled gases, and any remaining
ash orresidue finally passes through the steam
screen losing much of its sensible heat to
superheat the steam and being cocled snffi-
ciently during its progress to prevent adhe-
sion prior to its discharge from the generator
by means of a rotating and sealing trough ap-
paratus, or by means of a submergible and
sealed compressed air or steam ejector.

The products of combustion from the in-
candescent surface combustion heating cham-
ber may pass into the gas generation zone
where their sensible heat content is utilized
to heat the material being gasified and their
CO:; content is converted to CO in contactwith
the high temperature particles of pulverized
frel, but, when it is desired to generate gas
free from atmospherie nitrogen and of high
thermal value, a separate outlet for the prod-
uets of combustion from the heating chamber
may he provided, and, in addition, the amount
of steam admitted to the generator may be
restricted and the coke particles be only partly
consumed in the receptacle, the residue being
wholly or partly diverted to the heating of
the heating chamber, or formed into bri-
quettes at the base of the generator whilst
still hot,

The pulverized fuel may be transported into
the heating chamber and gasification or distil-
lation chamber by means of a transporting.
stream of air or other gas such as gas pen-
erated in the generator, or inert gas such as
nitrogen or by carbor dioxide or products of
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combustion from the heating chamber, or
steam, and the transporting gas stream may
colleet the fuel in the pulverizing machine as
they pass together through the machine or
it may collect the fuel in 2 previously pul-
verized condition from the supply pipes or
storage bins of a pulverized fuel system, or
the transporting or injecting gases and pul-
verized fuels may be mixed at their point of
entry into the generator. : .
Liguid and colloidal carbonaceous materi-

als, the colloidal material beiig ground in a

colloidal mill, may be fed into the generator

in the form of a thin film or a spray and
gagified in a similar manner to the pulverized
materials, and calcareous materiuls such _as
chalk, 1i - 1im@stone, may also be pulver-
Tzed and fed into the generator along Wit
any of the carbonaceous materials as they
have advnntngegwm;mm;
fluenges, 4t higl tefiiperatures in addition to
giving off CO, which is converted to CO when
in contact with high temperature carbona-
ceous materials, and the generator may also
be constructed and arranged to gasify unpul-
verized carbonaceous and calcareous mate-
rials. ‘ _
" The generator may be arranged to operate
and yield gases varying in quality from a
straizht coal or crude oiTgas.to 2. cas ag lean
as blast furnace gas by varying the amount
of oxygen participaiing in the thermuo-chemi-
cal gas reactions taking place in the generator,
the oxygen being admitted to the gasification
zone by such means as the material trans-
Eorting cas stream, the CO, content of the
eating chamber products, the steam or wa-
ter vapor in the steam screen, and the amount
of ealcaveous material mixed with and ad-
witted to the generator along with the car-
bonaceous material or by means of CO, gener-
ated separately from the caleareous mate-
rial, and, where required, by the utilizing
the CO. content of the gases exhausted from
an internal comnbustion engine, separate aper-
tures may be provided for the admission of
OXYZEN OF OXYZON-CAITYING materials or gases.
The amonnt and proportions of the respec-
tive materials and gases admitted to the gen-
crator to participate in the thermo-chemical
s reactions and heating of the heating cham-
bar are controlled by means of throttle or the
like valves fitted to the respective inlets of
the generator and pulverizing or fuel drying
machine, and these valves may be controlled
or set by hand sé arately, or they may be
intevconneeted and arranged to operate by
haud or automnatic mechanical means. The
combination of high temperature of opera-
tion and the increased area of the particles of
meterial being gasified due to pulverization,
and the dispersion of the materials will give
a high and rapid yield of gas the quality and
quantity of which yield may be further con-
trolled by the use of catalysts such as alumi-

1,738,820
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num, cerium, chromium cobalt, co
TrRITTS, 1Te, nianganese, ;
ehosmitim, platuiing Fini&sten, zing, or_their

ber, ire

sntts-oroxideror the [ikE, in the gasification”

ehaTeE BT 16 Lining, or i the gas enrich-
ers, ot gas coolers, or gas outlet tubes or out-
let or imxing zones, The material being gasi-
fied may be showered through the generator

with a rotary mévement or the dircction of

its flow may be reversed within the generator
so as to prolong the period taken topass the
material through a generator of any given
Iength, and the gasification process asa whole
may be carried out in stages in separate re-
ceptacles and the whole process be completed
in a:\.‘number-of receptacles hieated separately
or by a single furnace, thus permitting any
singlp process to be carried out under ideal
thermo-chemical catalytic conditions to give
any desired separate or final gas yield from
a variety of carbonaceous materials, or vege-
table matter or dusts.

The heating chamber of the generator is
initially heated or started up by means of
volatile liquid fuels, or from a supply or stor-
age of gaseous fuel, subsequent to which it
may be operated as an independent unit upon
gases generated in the generator, or by liquid
fuels similar to the liguid carbonaceous ma-
terial being gasified, the fuel and air for heat-
ing thé heating chamber may be distributed
throughout the heating chambor by means of
a series of separate interconnected longitudi-
nal and radical passages which convey the gas
and air separately into the heating chamber
where the numerous gas and air streams -
nally mix and burn with an intense radiant
hea.lt around the grooved refractory recep-
tacla, ' :

Alternately, the fuel and air for heating the

_heating chamber may be injected into an en-

largement of the base of the heating chamber
through a series of nozzles along with u sup-
ply of primary air and its combustion be

“compleéted by means of secondary air, pre-

heated in a space situated in the walls of the

_generator heating chamberina comparatively

small passage around the grooved refractory
receptacle under incandescent surface com-
bustion conditions.

The heat losses to the exterior of the gener-
ator are reduced by preheating the heating
chamber fuel and air streams as they pass
through the fuel and air channels and pas-
sages and the air space formed in the walls
of the heating chamber, and the temperature
of the heating chamber is correspondingly

increased and the life of the refractory walls

is also increased. The materials to be gasi-

fied are fed into the receptacle through dis-.

persion nozzles or valves under the influence
of suction or by means of a pressure head of
the liquid material, or by mechanical
sure generating pumps or the like, or by
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" Tike; whilst lignite, peat, and the like, may "

be injected and gasified whilst in a- damp or
greenish state. . '
The generator may be operated cither
above or below. atmospheric pressure or
partly above and partly below atinospheric
pressure, 1. e. the heating chamber may be
operated below atmospheric pressure whilst
the thermno-chemical gasreactionsintherccep-
tacle are carried out above atmospheric pres-

" sure; and advantage can be taken of these

pressures to utilize the gas wenerated, 1. e
the gases generated under these conditions
may be injected at and by means of the gener-
ator pressure into the combustion chambers

“of an internal engine, turbine, or machine, or

consumed in the form of a flame submerged
in the water of a steam generator, or in the
steam of a steam superheater, or for weld-
ing metals or the like, or the gases generated
may be consumed at comparatively low
pressures for any known commercial pur-
pose, or town gas, or in the furnace of an
ordinary or surface combustion heated steam

.generator, and, as the generator operates at

high temperature, conditions are particu-
larly favorable to the production of earbon-
monoxide and hydrogen which may be con-
verted by catalytic means to hydrocarbon
gases, or they may be utilized
facture_of pure hydrogen, §ynthetlc am-
monia, oF for the gereratiofi: ot gases” fof

catalytic conversion_to volatile and ‘heavy”
1iquid fuels, or Iubricants. The receptacles
ave-made ‘from “sach highly refractory fba-’
terials as- electrically %used alumina, sili-

con-carbide, magnesia, silica, or from hafs
niuar; Zirconinm, or fireclays, or the like; or
from heat vesistant iron or.steel alloy, or
nickel, whilst the body or shell of the gener-
ator may be lined with these refractories or.
with heat insulating materials such as dia-
tomaceous earths, asbestos, or the like, and
these materials may be impregnated with the
calnlvtic materials. 'T'Re gas generator; heat-

<ty ehaniber, afidreceptacles may be of any

convenient form or shape that facilitates
their manufacture and operation and the

heating chamber may be fed with fuel and .

air from the center of the generator towards
its exterior and the receptacle may surround
the heating chamber instead of the heating
chamber surrounding the receptacle without
departing from this invention. -

In order that my invention may be clearly
understood and readily carried into effect the
same will now be described more fully with
reference to the accompanying drawings,
which show by way of example, sectional
views of gas generators constructed in ac-
invention.

Throughout the drawings and specifica-
tion like Bgures or letters refer to like parts
of the invention, and it will be understood
that any peculiar features described as ap-

1,736,630
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pertaining to the liquid or pulverized fuel
generators are not strictly limited to that
generator, as any one of these features may
be adapted to either type of generator.

Of the said drawings Fig. 1 is a_vertical
section view of a generator arranged for the
gasification of colloidaland liquid fuels.

Fig. 2 is a horizontal section at A—A
Fig, 1. '

Fig. 3 is a vertical section view of a gen-
erator arranged for the gasification of pul-
verized fuels.

Referring to the said drawings:—

" The outer casing or body 1 of the gas gen-
erator is made of steel plates or the like 2
riveted or bolted together by means of angle
plates or the like 3, Fig. 3, or welded as at
4, or it may be made of reinforced or unre-
inforced concrete, whilst at § is the aperture
provided for the introduction of the mate-
rial to be gasified and at 7 is the steam-inlet

. for the steam screen 8, whilst at 9 is the air

and at 10 is the fuel inlet to the heating
chamber 11; at 12 is the outlet for the gases
generated, and at 13 is the outlet for the
products of combustion from the heating
chamber 11, whilst at 14 an outlet for the
ash or residue from the heating chamber 11

-and another at 15 for the ash or residure from
for the manu: the refructory receptacle 16 is provided. In-

Fig. 1, 12’ and 13" represent respectively
the outlet for the gases generated and the

“direction of outlet flow of the products of

combustion {rom the heating chamber 11 and
in Fig. 1, the outlet 127 serves for both the
generated gases and the products of com-
Bustion. The receptacle 16 is of catalytic
material and is corrugated so that when 1i is

70
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heated to incandescence, surface combustion ~

_will result, which is practically flameless.

Referring now to Figs. 1 and 2; at 10 the
gaseous fuel for heating the heating cham-
ber 11 is fed into a distribution channel 17
which is connected to a number of longi-
tudinal channels one of which is shown at
18 in Fig. 1 and a different one being shown
at 18 in%‘ig. 2 which m turn feed & number
of radial feed.channels one of which isshown
at 19 in Fig. 1 and a different one being shown
at 19 in. Fig. 2, the air for the combustion of
the fuel heating the heating chamber is fed
to the heating chamber in a similar manner
to the fuel from its inlet aperture 9 alonyg the
channels 20, 20A and 21, but these longitu-
dinal fuel and air channels are arranged
alternately so that the fuel and air does not
mix until they meet in the heating chamber
11, or passage 23, where they burn with an
intense radiant heat.

The fuel and air channels may be formed
by any suitable means suchastubesorchannels
in or on the body 1, er as shown, by remov-
ing the corners of the refrictory or heat in-
suluting bricks 22 and these bricks may
terminate with an uneven surface compara-
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tively close to the tips of the corrugations or
the like on the cxterior of the refractory re-
ceptacle 16 thus forming a passage 23 and
forcing the burning gases in the heating
chamber into contact with the incandescent
refractory surfaces of the receptacles 16 and
the uneven brickworls 22 at 23 and further
increasing the rate of combustion in the heat-
ing chamber 11 and the passage 23 and the
temperature of the heating chamber 11 and
receptacle 16, the products of combustion
from the heating chamber 11 are finally

~passed over the end of the receptacle 16 and

15

20

through 10 teo the interior of the receptacle
where the mixing and reacting with the car-
bonaceous matérial and gases generated they
emerge together from the generator at 197
along with the gases generated from the
liquid or colloidal carbonaceous mateyials in-
jected into the generator past the sharp edged
dispersion valve 24 and nozzle or valve case
95 in the form of a cqnical spray or thin fitm
26, the quantity of the material thus admitted

“ being controlled by rotating the lever 24A

40

45

which takes effect upon the screwed stem of
the valve 24 'at 24B.

Tt will be understood that when liquid fuels
are used to heat the incandescent surface com-
bustion heating chamber they must be of a
yolatile nature or sifficiently volatile to be
converted to a gas or vapor by means of heat
such as the internal heat of the generator
and that when they pass into the. heating
chamber they are vaporized or gaseous in
nature.

Referring to Fig. 3. The pulverized fuel,

such as coal, lignite, or pedt, And 1ts Lrams-
porting. gas (such as COsy N, Og, or He) or
air stream enters the generator at 6 and is
dispersed into the distillation zome 27 of the
generator by way of the annular distribution
nozzle 28, as the material passes through the
distillation zone its volatile content is' dis-
tilled out and the resultant gases leave the
generator by way of the heated refractory
ascension ‘tube 29 and the remaining incan-
descent coke-like particles, being compara-

_ tively heavy, pass oninto the gasiheation zone

60

1]

30 where they meet and react with the steam

iy

ascending from the steam zone 31 WOt the
combustible gases rvesulting from the re-
actions in the gasifieation zone 30 also pass
out of the generator by way of the heated
ascension tube 29 mingling and reacting to
some extent with the distilled gases whilst
passing through the tube 29. It will be
understood that the completeness of the re-
getions taking place in the gasification zone

will depend upon the amount of steam, or.

oxywen, admitted thereto, and, that air or
products of combustion from the heating
chamber, or calcareous materials, or carbon-
dioxide, may, if desirable, be admitted to the
pasification zone in place of or along with
the steam. The ash or coke-like particles

> . .

1,738,620

passing fhrough the steam zone 31 encounter-

2 flow of steam entering the refractory recep-
tacle 16 from the steam distribution ring 32
by way of nozzles or the like 33, and, giving
up their sensible heat to superbeat the steam,
are cooled sufficiently therely to prevent their
adhesion to the walls of the generator or into
lumps, the steam is fed into the distribution
ring 32 at 7 from a waste heat boiler or the
like. The ash or coke vesidue falls into a
bed of coke particles or the like already
placed in the bottom of the generator up

‘to-the level 34 and as their level is increased

during operation and_ the ash or coke par-
ticles sbmerge the end of the ejector pipe 33,
the surplus is ejected by means of low pres-
sure air or steam or the like entering the

‘pipe at 36, the particles entering the gjector

compartment 36A through its submerged en-
trance 37,and by this means a fairly constant
level of residue is maintained in the hottom
of the generator without loss of generated gas
through the ejector compartment 36A.

Alternately, the ash or residue may be dis-
charged and the generator be sealed against
loss of gas during the operation by means of
a rotating and sealing trough of a known
eonstruction.

When the carbonaceous material is not
completely consumed in the gasifieation pro-
resses the whole or a part of the residie may
be utilized to heat the heating chamber into
which it is fed by way of a branch pipe or
the like 38 conmected to the ejector outlet
pipe 39 for which purpose the ejector is pref-
erably operated by compressed air means,
and the quantity of residue and primary air
thus fed into the heating chamber is con-
trolled by means of a throttle valve or the

‘like 39A situated in the outlet pipe 29, any

surplus residue being disposed of at the end
of the pipe 3% .
The heat of the heating chamber is main-
tained and its initial heating is effected by
means of fuel fed into the heating chamber
through nozzles or the like similer to that
shown at 40 for the feeding in the particles
of coke residue from the receptacle 18, and,
where no coke residue is available these
fozzles or burners will of course supply the
whole of the liquid, gaseous, or pulverized,
fuel required to heat the heaiing chamber.
The ash content of the fuel supplied to heat
the heating chamber is cooled sufficiently to
prevent its adhesion as it passes through a
screen of water pipes or the like 41 which
are fed with water from inlet and outlet
rings 42 and 43 througlh water inlet and cutlet
apertures 44 and 46, the heat imparted to
the water being returncd to the generator i
the steam supplied to the steam screen 8. -
The primary.air
heated by contaet with the hot ash and rest-
due from the receptacte by way of the ejector

'35 and branch pipe 38 and enters the heating

.

for the heating chamber ;
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chamber 16 slong with the fuel, whilst the
secondary air enters the air space 47 through
the aperfures 48 and finally enters the heat-
ing chamber by way of the apertures 49, the
combustion of the fuel commences in the

gases expanding in a downward direction
around the receptacle 18 their flow is reversed
and the comparatively heavy particles of ash
and residue separate out and pass forward
between the water pipes 41, the gases mingle
with the preheated secondary air and their
combustion is completed in the passage 23
-under incandescent surface combustion con-
ditions in contact with the uneven surfaces
of the refractory receptacle 16 and the brick-
work 22, the products of combustion finally
leaving the heating chamber by way of their
outlet aperture 13 on their way to a waste
boiler prior to their discharge to the atmos-
phere. Referringnow to all the drawings:—
The guantity of fuel and air consumed in
the heating chamber will vary according to
the size of the generator and the capacity of

10
111
20

25 A ; .
supplg'mg the air and fuel to the heating

_chamber will vary with the pressure system
of operation, when the generator operates
below atmospheric pressuré, for example, the
suetion of an exhauster or an internal com-

.30

bustion éngine may withdraw the gases gen- -

erated together with the products of com-

the aperture 12, or an exhauster or 2 chimney
may withdraw the products of combustion
separately through the aperture 13 and the
gases generated be withdrawn through the
aperture 12, as above, and both these methods
of operation induces the air and fuel through
their respective inlets 9, 10, 48, 49 and 40 into
‘the heating chamber 11, whilst the quantity
of air and fuel thus induced to the heating
chambef may be varied or controlled by
means of valves or the like attached to the
respective inlet or outlet apertures, or by the
~ capacity of the exhauster means.’ The gen-
erator may be arranged to operate at high
pressure and the combustible gases for the
heating chamber along with carbonaceous
material to be gasified may be injected into
the generator by meens of suitable blowers,
fans, of pumps, or the like, and whilst the
carbonaceous fuel to be gasified may be in-
duced into the generator by means of the
vacuum under which the heating chamber is
operated it is preferable to do this at a pres-
sure slightly above atmospherie pressure such
as a head of the liquid or colloidal fuel, or
in the case of pulverized fuels by means of 2
fuel transporting gas stream passing right
through the pulverizing and drying machine
into the generator, and the fuel supply to
the heating chamber may also be injected into
the generator slightly above atmospheric

pressure, the amount of material fed into the

“Dbottom of the heating chamber, the burning -

.the heating chamber, and the methoeds of -

bustion from the heating chamber through

8

. generator for gasification and the amount of

gas used for transporting -the material is
controlled by means of suitable valves
attached to the generator or pulverizing sud
fuel drying machine inlets or by the capac-
ity of the pressure generating fans, blowers,
pumps, or the Iike. :

" " The heat losses to the exterior of the gen-

erator are reduced due to the preheating of
the heating chamber fuel and air streams
passing through fuel and air channels, 18,
19,20, 20A,and 47, and the operating temper-
ature of the heating chamber is correspond-
ingly increased, the ends of the heating cham-
ber may be insulated by rings 50 or their
equivalent, \made ‘from heat insulation re-
fractory material leaving space 51 to allow
for expansion of the heating chamber, and
passage forthe.air, whilst the exterior of the
generator may be provided with additional
air or-water jackets or be externally lagzed
with heat insulating material, such as asbestos
and magnesia or diatomaceous earth.

The period that the materials are acted
upon by the intense heat emitted from the
heating chamber and receptacle, and the re-
actions taking place-within a generator of
any given length may be prolonged by feed-
ing in the materials with a rotating move-
ment, and by reversing the direction of their

flow within the generator, i. e, the materials
may be fed into the fuel distribution ring 53 -

or nozzle 25 tangentiaily or their direction
of flow. be reversed within the generator as
happens when the distilled gases enter the
mixing zone 52, and the heating chamber 11

from the nozzles or the like 40. The recep--

tacles, and refractory bricks used in the con-
struction of the geherator are made from
cements of the highly refractory materials
bound together with ceramic bonds, formed

‘to the desired shape and dried, then fired at

high temperatures, and to facilitate the han-
dling and manufacture of the unburnt shapes
the cements may be mixed with solutions of
sodjum-silicate, magnesium chloride, or the
like, whilst the heat insulation bricks and
the rings 22 or the like 50 are made in 2
similar manner from diatomaceous earth,
asbestos, and the like, or mixtures of these
materials and cements and. ceramic bonds,
whilst for some processes or reactions it s
advantageous to make the receptacle 16 and
the mixing tube 29 from nickel or material
with a high nickel and chromium content;
and heat resistant iron or steel alloys may
be used in the construction of such generator
parts-as valves or nozzles, grates, troughs and
other parts of the generator subject to heat
and erosion. ~ ‘

The gssification processes may be com-

19
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pleted in stages in one or more generators, or -

2 single heating chamber may supply the
necessary heat energy to operate a p urality
of gasification zomes or receptacles. The
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generator m';iy'be.amn ed and constructed -
(1)

r the continuous gasificstion of unpulver-
ized solid carbonaceous and calcareous ma-

“terials in a receptacle such as 16 the material

resting upon a grate carried by and rotating
with o sealing and ash discharging trough
the air, steam, or other gases, required dur-
ing the pas reactions taking place in the re-
ceptacle being fed in through the bers of the
grate through suitable nozzles under the
grate, in quantities to suit any desired sys-
tem of gasification, 1. e. the generator may be
arranged era.teﬂwa:g‘e&gp._s,m.nthe\r.ggs
rich Tom @ggt;l_blgﬁ_ matter,
lignite;

Zi¥5 like, or from briqueties
of pulverized residue continuously; the heat
absorbed by the reactions being supplied from-
the incandescent surface combustion heating -
chamber, and these gas reactions may also
be influgnced by catalysts at or near tire gas
outlet,of in the receptacle. The generator
mgy be arranged to yield burnt lime as 2 by-
product from the calcareons materials, or a
mixture of lime and ash or coke residue
particles suitable for building purposes may
be ohtained and the carbon-dioxide from the.
caleareous material being regenerated to com-
bustible gases, in contact with pulverized or
unpulverized or liquid or colloidal carbona-

-ceous material. The-generator may be- ar-

ranged to gasify liquid colloidal and . pul-
verized or unpulverized fuels simulteneously
and the oils or steam may be injected into the

nerator in positions such as shown at 54,

iz, 1. ' .

It will be understood that where corruga-
tions are referred to herein and in the claims,
that any equivalent roughening projections
such as points or ridges are included within
the meaning thergof for the purpose of pro-
ducing an sccelerating catalytic effect. - :

Having now particularly described. and
pscertained the nature of my said invention
sud in what mannéer the same is to be de-

5 seribed, I declare that what T claim is:

1. A gas generator including & gas gener-

 ating chamber, corrugated walls of catalytic
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material for said chamber, means to feed ma-
terial to be pasified to the chamber, and means
to heat the corrugated eatalytic walls of said
chamber to incandescence..

2. A pas generator including a gas gener-
ating chamber, externally corrugated walls

“of catalytic material for said chamber, a heat-

ing chember surrounding the corrugated
walls of said gas generating. chamber and
having an uneven wall surface facing the
corrugated walls of the gas generating cham-
ber, means to feed material to be gasified to
the gas generating chamber, and means to
heat the corrugated catalytic walls of said
chamber to incandescence.

8. A gas generator including a gas gener-
ating chamber, walls of catalytic material
for said chamber, said walls having a sur-
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face roughened to produce an accelerating
catalytic effect, means to feed material to

‘be gasified to the chamber, and means to heat

the roughened walls of said chamber to cata-
lytic incandescence. )
In testimony whereof I affix my signature.
: FRED UMPLERBY.
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