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UNITED STATES PATENT OFFICE. 
HAWLEY PETTIBONE, of NEW RoCHELLE, NEW York, AssIGNor. To THE Pow ER, ÅND 

MINING MACHINERY COMPANY, A CORPORATION OF NEW JERSEY. 
PROCESS OF MANUEFACTURING GAS. 

1,08,882. 

To ?till whom, it may concern: . 
Be it known that I. HAWI.EY PETTIBox E, a 

citizen of the United States, residing at . 
New Rochelle, in the county of Westchester 
and State of New York, have invented cer 
tain new and useful Improvements in Proc 
esses of Manufacturing Gas, of which the 
following is a specification. 
This inventioi relates to the process of 

manufacturing and delivering gas suitable 
for motive power and heating purposes. 
The object of my invention is to provide 

for introducing air, to support combustion, 
centrally into a body of fuel and cause such 
air and the resulting gaseous products to 
flow downward centrally by exhaust SG as 

20 

to draw them away from the side walls of 
the cupola and prevent active combustion 
and clinkering along or adjacent to the 
walls. 
Another object is to provide for deliver 

ing or admitting hot air and steam centrally 
into a body of fuel in a cupola generator or 

30 

producer and fresh fuel eccentrically or cir 
cumferentially around and above the air 
and steam inlet so as to cause the gaseous 
products distilled from such fresh fuel to 
mingle with the air and steam and pass 
down centrally through the body of incan 
descent fuel below for conversion into fixed high grade gas. 
Another object is to provide for generat 

ing high grade producer-gas and regulating 
35 
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Sis 

the fire will not be 
such blast, 

or cleaning the fire or body of fuel to keep 
it open by drawing air and the gases of com 
bustien and distillation down through the 
body of fuel and intermittently admitting 
jets or blasts of aeriform fluid under pres 
sire and impulses into the base, or below 
the body of fuel for blowing outs ash and 
fine carbon from the interstices of the fuel, 
whereby the production of gas may be more 
regular, uniform and continuous. 
Another object is to provide for more 

uniformly and continuously generating gas 
by down-drift and intermittently cleaning 
the fire or body of incandescent fuel by ad mitting part of the gas previously gener 
ated in the producer, under pressure and 
impulses into the base of the fuel, whereby 

killed or der denied by 

ing gas by wn-draft in a cupola generator Another# is to provide for generat . 
???? inte??. fire iya tently cleaning the 

specification of Letters Patent. 

. 

? ?ttS slide . 

The clipola generator or producer A is 95 
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counter-blast of aeriform fluid, admitted un 
der pressure and impulses into the base or 
below the incandescent fuel and discharging 
or blowing the resulting products, dust and 
ashes into the open air. 
- Another object is to provide for generat 
ing gas, compressing and storing a volume 
of such gas under pressure produced inde 
pendently of the main gas engine, and inter 

60. 

niftingly admitting such gas in impulses 65 
into the base or below the body of incan 
descent fuel for cleaning the fire of dust and 
ashes. ???? 

A suitable apparatus for carrying out my 
pl'OceSS coma prises, broadly considered, a 70 
downdraft gas-producer furnace, a pre 
heater, or combined air heater and water 
vaporizer, a wet and dry scrubber, a posi 
tive exhauster, a by-pass and valved pipe 
connecting with the inlet and outlet pipes 75 
of the exhauster, automatic control devices 
connecting the holder and by-pass valve, 
suitable purge pipes and valves and details 
of construction as will be described by refer 
elice to 
which 

Figure 1 represents an elevation, partly 
in vertical section, of the apparatus. Fig. 2 
represents a vertical section, on enlarged 

the accompanying drawings in 80 

scale. Of the generator or producer, and pre- 85 
heater. Fig. 2 represents a sectional view 
of part of the preheater showing a modified 
construction. Fig. 3 represents a top plan 
view of a convenient arrangement of the . 
apparatus, the scrubber being set back of 90 
the preheater. Fig. 4 represents a similar. 
top plai i view with additional devices for 
carrying out my process of manufactiring 

constructed with the usual plate iron shell, 
riveted together, and firebrick ining on a 
concrete foundation N, and is provided with 
a contracted ash-pit, IB, having a brick floor 
b' and, preferably, with an arched brick 100 
grate b and hearth (t. As shown in Fig. 2 
the ash-pit is of less internal diameter than 
the fuel chamber, the walls of the former 
being built up extra thick from the base 
to the grate, and there form an annular 105 
hearth is at the base of the fuel chamber 
and a contracted grate opening. Since an 
exhauster is used, taking gases away by 
downdraft, this contracted grate opening 
and annular hearth cause the gases to be 10 
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valve 4, extending up and discharging into 
the open air. This pipe serves for discharg 
ing waste gaseous products when starting 
the generator, or at other desired time. 

shaft at o' and closing downward on a cir 

... A by-pass pipe O connects, above with 
gas pipe N and below with the discharge 
pipe P, leading from the exhauster, and is 
provided with a hinged valveo, having a 
cumferential seat so that it will be free to 
open when gas is to be circulated, through 
the exhauster and by-pass pipe. The hinge 
shaft o' passes horizontally through the 
valve-casing and has secured to its outer 
end a lever-arm o' having on it an ad 
justable weight in for normally holding the 
valve to its seat. To this lever-arm is con 
nected a cord or light chain a which passes 

20 
over pulleys and is connected to an eye or 
staple 8 at the top of the holder-bell R. 
The pulleys may be arranged in any suit 
able manner, and for the purpose of illus 

- 25 
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tration we have shown a post U connecting 
to the holder-tank, and having a lower pull 
ley attached thereto, an upper pulley r 
being attached to a cross-bar U, and a third 
pulley r' being attached to said bar above 
the valve o. 
As shown, the cord or chain u passes 

from the top of bell R down around pulley 
r, then up over pulley r', over pulley '' 
and down to the lever handle o' to which 
it is attached. The details of construction 
of mechanism connecting the holder-bell 
with the by-pass valve may be varied so as 
to perform the operation of automatically 
opening said valve by the rise of the holder in a manner substantially as above de 
scribed. By means of this mechanism the 
holder-bell, when filled with gas and raised, 
will open by-pass valve 0 and the exhauster 
P will then simply circulate gas through 
its pipe connections and by-pass pipe O, 
automatically stopping the operation of 
drawing air through the preheater into the 
producer and, therefore, practically stop 
ping or checking the production of gas. So 
soon as the gas has been drawn from the 
holder sufficiently to lower the bell, causing 
it to fall, the by-pass valve will be gradu 
ally closed and the exhauster will again 
draw off gas, from the producer, at the same 
time drawing air and vapor or steam into 
the bed of. fuel, thereby continuing the pro 

This mechanism is very duction of gas. 
simple, in construction and effective in OO - eration for automatically controlling R 
production of gas. . 

60 
At any suitable place in the base of the 

cupola, and, preferably at the * it B is 
connected an inlet pipe. S foi. admitting compressed gas for ???????????????? and regulating 
the fire- or body of lineandescent fuel. In 
the operation of drawing air- or air and 
steam down into a body of hot fuel and 

provided with a valve t'. 

drawing the resulting gas down through the 
same for a period of a few hours (eight to 
twelve, more or less) the interstices of the 
fuel become plugged with ash and cinder 
to such an extent that very little air, or 
steam, will pass through or be decomposed 
therein; ? consequently the yield of gas 
falls much below the normal production 
and is often insufficient to met the demand. 
in order to overcome this difficulty, to make 
the production more- uniform and continu 
ous, and avoid the interruption and delay 
incident to opening the clean-out door and 
removing ash, cinder, etc., from the base of 
the fuel chamber, I draw from the holder 
R part of the stored gas, compress it by a 
compressing pump, preferably operated by 
an engine or motor independent of the main 
gas engine, and store it in a special tank or 
holder under a pressure of about one hun 
dred and fifty pounds' to the square inch, 
and at intervals admit sudden puffs or 
blasts of such gas into the base of the fuel. 
Before a blast of compressed gas is admitted 
through pipe S, valve e in pipe E, Fig. 3, 
is closed and valve e' in purge pipe E? 
opened, permitting dust and ashes to be 
blown out into the open air. 
Any good combustible gas may be com 

pressed and used as above described, and a 
combustible gas, such as is stored in holder 
R", is advantageous for the reason that a 
blast of such gas does not deaden the fire 
and check the production of gas as will a 
waste inert gas, composed principally of 
nitrogen and carbonic acid, or products of 
connbustion from a gas engine or other 
SOU'Ce. I 

In Fig. 4 I have shown diagrammatically, 
in plan view, apparatus for storing gas 

? under pressure, including a motor oraux 
35 

iliary engine and connections for operating 
the exhauster and the compression pump 
including also a main gas engine and other 
connections. The main gas engine J may 
be of any well known construction and is 
Supplied with gas by pipei, leading from 
holder R and having a valve i'. An aux 

inotor (not shown) is used for operating a compression pump V, having a gas sup 
ply pipe leading from gaspipei and pro 

. vided with a valve ti", and a discharge pipe v”. 
connecting with the gas storage tank W and 

The engine or 
inotor I connects by a belt-wheel i' and belt 
with the belt-wheel p of the exhauster P 
for driving the latter; it also cqnnects by 
belt-wheel i' and a belt with 'wheel '' 
of compressor V. A pipe S, having a valve 
s', connects with storage tank W. &nd leads 
to the base of the producer or crpola, pref 
erably connecting with the ash pit B, as 
shown in Fig. 2. The gas compressed and 
stored if tank W, may be useé wide 

110 

iliary gas or gasolene engine I, or other 
? i i 
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gas are thereby effected, and the operation 
J as, for instance, in the morning, or at of the pioducer is made more regulaf and 
other time, when the gas is nearly or quite 
exhausted from holder R. During opera 

5 tion of the plant precaution is taken to keep 
the tank W full of compressed gas, prefer 
ably at about one hundred and fifty pounds 
to the square inch. When starting the en 
gine J valve z?may be opened, admitting gas 

10 through branch pipe s and pipe S from 
tank W to the engine. This is a practical 
and satisfactory means for starting engine 
J whenever required. 
The operation of the apparatus is very 

5 simple and may. be conducted by an un 
skilled laborer. 
. The fire is kindled on the grate in cham 
ber C, and may be first allowed to burn 
by natural draft while fuel is gradually fed 

20 in until a deep body thereof is well ig 
nited. When kindling the file and igniting 
a body of fuel the top cover d' of the air 
chamber may be open for a part or the whole 
of the time, but when gas is to be drawn 
off by the exhaisier sich cover will be 
closed. The exhallster i” being pit in op 
eration, air will be draw in through openings 
f into the preheater F, through pipe E and 
thence down through the central air sup 

30 ply pipe I) into the body of fuel and the re 
siting producer gas is drawn centrally 
down through the body of incandescent fuel, 
through the contracted grate into the main 
gas take-up pipe G*, thence through tle re 
t') lies in the preheater and out through 
pipe Linto the base of the scrubber. The 
gas will be the drawn up through the 
scroller and off thir ough the exhauster. If 
it is of sufficiently good quality to use for 

40 heating U" inctive power purposes it is 
stored in the holder R', but if it is of poor 
quality and lot fit to store, the valve p' 
is closed while valve (f is opened permitting 
the waste gas it is tip through the purge 

45 pie Q. The hot gas passing through the 
preheater wil vaporize water contained in 
chamber h' and heat air which is admitted 
through openings f all circulates up 
through the passages i, around the gas 

50 pipes G and k. 
air and water vapor or steam passes by 
pipes E, F, down through the supply cham 
?ber 1} and centrally down into the body of 
fuel. By the operation of the exhauster 

55 and by reason of the circumferential hearth 
at and contracted grate opening, the gas of 
combustion and the gas arising from dis 
tillation of the body of fuel in the reser 
voir C will be drawn centrally down 

60 through the body of fuel and away from 
the brick lining, thereby largely preventing 
the formation of channels along the wall 
and the formation of clinker by too active combustiéri adjacent thereto. Better gasi 

85 fication of the fuel and production of fixed 

25 

35 

This cominingled heated 

uniform. At suitable intervals fresh fuel, 
preferably bituminous coal, is supplied 
through the top openings around the air 
chamber D so as to keep the reservoir C 
nearly full. The Zone of active combus 
tion will be a short distance below the in 
verted cone of fuel c, below the central sup 
ply chamber D, and distillation of the fresh 
fuel in reservoir C will proceed above such 
zone and the hydrocarbon gas distilled from 
the coal will mix with the gases of com 
bustion and will be converted into fixed gas 
by passage through the body of incandes- 80 
cent fuel in the chamber C. By introduct 
ing air centrally into the body of fuel, 
active combustion will take place inhmedi 
ately at the central part of the fuel and 
oxygen of the air will be consumed or com-ss 
bined with carbon, (forming carbon mon 
oxid) before it can reach the brick lining 
and there cause high heat and injury to the 
brick, or formation of clinker thereon...This 
saves much trouble and expense ordinarily go 
incurred in cleaning the side wall, insures 
a more uniform generation of gas, and is 
otherwise quite important and advantageous 
in practice. 
At any desired time the end plate 9 of the 95 

outlet gas pipe G may be removed and dust 
and ashes cleaned out from pipe G. By 
this means the pipes of the preheater, and 
especially pipe Gº, may be kept compara 
tively clean. 
After operating the producer for several 

e 

75 

?????? 

100 

h(ti? by down-draft the bed of fuel becomes 
impacted or plugged with ash and cinder So 
that it is very difficult to draw.air and water vapor, or gas, through it, and consequently 
the yield of gas falls much below the normal 
and is often insufficient to meet the require 
ments of gas for power or fuel pilrposes. 
When this condition arises the valvee' in the purge pipe E is open, valve e in the air 
inlet pipe E is closed, and gas valved be 
tween the preheater and Scrubber, is closed, 
and then a blast of compressed gas is ad 
mitted, by opening valves', in a slidden in 
pulse or puff through pipe S into the ash- 15. 
pit. This sudden blast or puff of com 
pressed gas will loosen up the body of in 
bacted fuel in chamber C. and clean out the 
ash and cinder from the interstices thereof 
and blow the same up and out through the 
purge-pipe E°. This cperation may be re. 

105 

G 

126 
peated at short intervals until the body of 
fuelis wel opened and cleaned. ????? ?? ? 

I have found in practice that a compara , 
tively small amount of compressed gas will 125 
serve the purpose and that the ope'ation can 
be performed very quickly (in an instant) so 
as not to materially interfere with the gen 
eration of gas. Though I prefer to compress 
and store in tank W párt of the gas pro- 133 

s ? \ 
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duced in furnace A, as being more conven 
ient and satisfactory for the purposes above 
described, my invention is not confined to such specific operation, and I may compress 
and store under pressure any good combusti 
ble gas which will serve for starting the main 
engine J and for blasting the fuel to blow 
out dust and ashes. By the use of combusti 
ble gas for this purpose the fire is not dead 
ened or the temperature lowered, so that the 
production and delivery of gas at full or in 
creased volume may be resumed immediately 
on opening valve e and closing the purge 
valve and opening valve l in the gas outlet 
pipe L. . This is quite innportant from a 
point of economy, and also for the purpose 
of constantly delivering a sufficient volume 
of gas for the large power engine or engines 
which are in oneration. If steam is used un der pressure and impulse for cleaning the 
fire, the temperature is immediately lowered, 
due to decomposition, to an objectionable 
degree. If gas containing much carbonic 
acid, or products of combustion, are used 
much heat is absorbed from the fuel by con 
version of carbonic acid into carbon mon 
oxid, and this product is blown away and 
wasted. 1. 

By running the exhauster continuously, 
during operation of the plant, much time 
and power are economized for the reason 
that I avoid the necessity of overcoming the 
resistance or inertia of the gas in the gen 
erator, preheater or economizer and serub 
ber, due to stopping and then starting the 
exhauster and gas producing operation, 
thereby gaining the valuable result of more 
quickly and effectively resuming the produc 
tion of gas at will. In fact, when the by 
pass valve is closed the exhauster immedi 
ately draws good producer-gas from the pro 
ducer or generator and delivers it to the 
holder from which it may flow directly tò the gas engine. . . . . . . 
The apparatus shown and described in 

this application is not herein claimed as it 
is made the subject of a separate applica 
tion for patent filed February 1, 1907, Se 
rial Number 355,191. ??? 
Having described my invention, what I 

claim, and desire to secure by Letters Pat 
1. The process of 

consists in introducing air centrally within 
and below the surface of a body of fuel ig 
nited below the air inlet, consuming the oxy 
gen of the air in oxidizing the interior coal 
before the air can reach and cause combus 

consists in passing air centrally down into 

bustion centrally down through the body of 

tently shutting off the upper air supply, 

producing gas, which 

tion of carbon in contact with the brick 
walls, feeding fresh or green fuel above the 
central air inlet and along the side walls, and drawing off the resulting gaseous prod 
ucts centrally down through the fuel and 
out of direct contact with the side walls, thereby preventing active combustion along 

60 

65 the brick lining for better effecting gasifica 
tion of the fuel and preventing formation of clinker on said lining of the producer. 

2. The process of producing gas, which 
70 and below the surface of a body of ignited 

fuel, consuming the oxygen of the air in oxi 
dizing the interior coal before the air can 
reach and cause combustion of carbon in 
contact with the brick walls, at the same 
time feeding fresh bituminous coal above 
and around the central air draft and along 
in contact with the brick lining and drawing 
the resulting gases of distillation and com 

75 

A/ 80 incandescent fuel out of direct contact with 
said lining at the side walls for converting 
hydrocarbon vapors and carbon dioxid into 
fixed combustible gas and preventing forma 
tion of clinker on the brick lining of the pro 
ducer. - . ·· 

3. The process of producing gas, which 
consists of admitting air or air and steam, 

85 

centrally within and below the surface of a 
body of fuel and drawing, it down into the 90 
Sane, consuming the oxygen of the air in 
oxidizing the interior coal before the air 
can reach and cause combustion of carbon 
in contact with the brick walls, feeding 
fresh or green fuel above the central air 
inlet and along the side walls, drawing the 
resulting gases down through the incan 

95 

descent fuel, compressing and storing a vol 
ume of such gas under pressure, intermit 

00 opening an upper purge pipe and admitting . 
a counter blast of said compressed gas at the 
base of the fuel, thereby blowing dust and 
ashes out into the open air through the purge pipe, then closing the purge pipe, 05 again admitting-air within the body of fuel 
and drawing gas down through the same and 
continuing the manufacture of gas by said intermittent operations. 
In testimony whereof I affix my signature 110 in presence of two witnesses. 

HAWLEY PETTIBONIE. 
Witnesses: ? 

HARRIsoN B. FREEMAN, Jr., 
· EDNA R. PoULSON. 

  


