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To all whom tt may concern:

Be itknown that I, ROBERT If. NENNINGER,

of Newark, Essex county, New Jersey, have
invented a new and useful Improvement in
Apparatus for Producing Highly-Heated Gas
for Heating Purposes, &c., of which the fol-
lowing 18 a Specmcatlon |

- Itis well known that in an ordinary boiler-
orate complete combustion of the carbon, or,

i11 other words, its entire conversion in com- |

bination with the oxygen of the air into car-
bonic acid, is impracticable, and that instead
a large proportion of carbonic oxide 1s pro-
duced, which is only partially converted into
carbonic acid in the flame-chamber. Inorder
to meet this difficulty, various devices have
been been contrived for directing a current
of air into said chamber—such, for example,
as hollow grate-bars, or even pipes leading
from blowers directly into said flame-space.
The principal difficulty in such cases 1s that

the incoming air-currents are comparatively
cool and that the resultmo temperature of the |
- mixed gases is not sutf
in the desired combination and consequent -
pwduetwn of carbonic acid, so that the net

elently high to result

result is simply a cooling of the produets of
combustion.

By my device complete combustion of the
fuel, and consequent utilization of allits com-

“bustible portion, is produced 1n a separate

apparatus from which a current of intensely-
heated carbonic acid isdelivered. Intheap-
plication of my invention to a steam-boiler
(here shown) the current enters at once into
the fire-box, and then sweeps under and
through the poiler. In this current there are
muwled no uncombined gases and equally
no uncombined carbon. Consequenﬂv the
products of combustion are smokeless, and
the immense mass of carbon which or (11]21&1 11y
passes into the chimney in the form of smoke
is here completely utilized. As a matter of
fact, I have found by actual experiment that
hot gas coming from the gas-producing ap-
par &tus 18 &bsolutely white-hot and brilliant,
and that no smoke whatever comes out from
the chimney of the boiler.

- In another application for Letters Patent
simultaneously filed herewith, Serial No.

333.226, I have fully described :-:md claimed
the method of heating,which consmts, br oadly,

(No model.)

in generating a body of intensely-hot non-

' combustible gas and Dbringing the same into

contact with the object to be heated, and this
method, therefore, I do not herein claim. 1

55

do not, however, limit the adaptation of my -

invention to a. steam-boiler, as here shown,
inasmuch as it will be obvmus that the hot
oas generated may be utilized in any other
desu ed way.

In the accompanying drawings, Iigure 1 1s
a side elevation and partial verticallongitudi-
nal section on the line 11 of Kig. 2 of my

apparatus, combined with a tubular steam- o6

boiler. Fig. 2 is a frontend elevation. FKig.
3 is a horizontal section of the gas-producer
on the line 3 3 of Fig. 2. Fig. 4 is a similar
section on the line 4 4 of Fig. 4. FKig. 51is a
detached sectional view showing the water-

supply pipe and the communicating conduit

between the two boxes.

Similar letters of reference indicate like
parts.

A is a steam-boiler, supported in the usual
way on walls or piers and provided with a
covering or casing B. AtCare the grate- bd,r%
D, the budwe wa,ll E, the flame-space; E’
the fire-box; I‘ fire- tubes extending thmuﬂ‘h

| the boiler, and G a chamber communieating

with the uptake II. The general construc-
tion and arrangement of the boiler, its cas-
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ing, and eombustmn-ehambel are th(, same as

18 pleseut in any ordinary boiler of similar
type. In order, however, to adapt the pres-

 ent boiler to the purposes of my invention, I

cover the grate-bars with a layer 1 of ﬁle-
brick or tlles

Disposed in front of the boiler is a cham-
ber J, the vertical walls of which are double
and are composed of four plate-iron boxes K
L M N, Fig. 3. These boxes constitute wa-

ter-jackets, and are supplied with water by
The plates

the means hereinafter described.
forming the vertical sides of each box are
bmuﬂht together at the top and riveted, as
shown at 0, , Fig. 1.

supported upon trucks Q Near the upper
portion of the boxes K M are notched projec-

| tions R, Fig. 2, and on the boxes L. N are
downwmdly-tumed brackets S. Lock-bars

T extend under the brackets S and through

l the notches in t11e projections R, and in tlus

Qo

95

The boxes K L M N rest
| upon a horizontal box P, which is in turn

100
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way the boxes K L M N are seeured together. | tity of silicate of iron, cinder, or slag, which

On ecach side of the Dbotton P are notched

projections U, and also on the boxes I. N and |

near their lower portion are downwardly-
turned brackets V.
the brackets V and through the notches in
the projections U, and in this way the lower
box P is fastened to the upper boxes IX I M
N. Resting upon flanges ¢ in the upper por-
tion of the chamber J 1s a hopper b, provided
with a Dell ¢, which bell is supported by
chains in any suitable manner, so that it may
be raised and lowered, as desired. Through

the body of the box M and necar the bottom

is a rectangular opening, in which is placed
a metal frame or door d, lined with fire-brick
e. 'T'hisframe is held in place by a bar 7, re-
celved 1n upwardly-turned brackets ¢ on the
exteriorof the box M. On the exteriorof the
frame d is a spout h, communicating with a
tap-hole ¢, which leadsfrom a hearth %, which
is made of limestone and fire-clay, or cement
and fire-clay, rammed into the bottom of the
chamber J. Entering the lower box I? is a
water-supply pipe /, and from the hox I ex-
tend curved pipes i, which respectively com-
municate with each box I I. M N, so that the
water entering the box P rises up through the
boxes IL I. M N, and finally eseapes into the
overflow-pipe n, and thence is led by a pipe
0, IF1g. 3, to any desired point, and prefera-
bly to the boiler feed-supply. Through the
box Ix 1s made an opening p, which commau-
nicates with the fire-box E’ of the boiler.

¢ 1san air-supply pipeleading from a blower
or any othersuitable source of air-supply and
provided with branches 7, Fig*. 2, at the ex-
tremities of which are pipess s’ ¢ . These
pipes communicate with valve-chambers £, in
which are arranged valves v v/. Extending
from said valve-chambers are tuyeres v v/,
which pass through the sides of the box M
and open into the chamber J. In front of
the chamber J,and in the floor, may be made
a trough 1w to receive slag which isdrawn out
of the chamber J through the spout /.

The operation of theapparatusisasfollows:
A fire 15 first started on the hearth of the
chamber J, using ordinary coal or coke. The
supplyof coke 1s thendelivered into the hop-
per O, and the bell ¢ being raised the cham-
ber J is completely filled with coke; or, in-
stead of first starting & fire in the bottom of
the chamber, said cllamber may be filled with

colke at the outset almost to the level of the

tuyere v, and the fire then started at the up-
per portion of the charge. In either case, as
soon as the chamber J is {illed the mouth of
the hopper 1s closed and the valves o are
opened, so as to admit the air-current through
the upper tuyeres ». This blast is kept up
until the charge in the chamber is rendered
mmmlmeent “]1{311 the valves 20 in the lower
tuyeres v meopened and blast admitted from
all the tuyeres simultaneously. WhileI may
employ only coal or coke as the charge, it is
preferable to mix therewith a certain quan-

Lock-bars W pass under |

under the action of the heat in the chamber
combines with the ashes to form a thin slag,
which descends upon the hearth &, and which
may be drawn off through the tap-hole and
spout 2. When coal or coke alone is used
the ashes will run out in a molten state
through the tap-hole; but the slag so formed
will be tough and liable to choke up the
hearth and tap, and thus necessitate the re-
moval of the door for purposes of cleaning
the hearth. T'his 1s done through the aper-
ture in which said door is received. It is
therefore preferable to mix iron cinder with
the coal in the mannerabove deseribed. The
slag as drawn through the spout /i falls into
the trough 2w, which contains water, and is
there granulated and cooled.

It will be apparent that by the use of the
two sets of tuyeres herein deseribed, one set
of tuyeres being arrangedin the chamber J

‘at a higher level than the other set, the com-

bustion of the fuel is caused to take place
first at the upper tuyeres, and that the car-
bonie acid resulting proceeding downward

through the incandescent fuel is converted

into carbonic oxide, and then is reconverted
into carbonic acid at the lower tuyeres and
becomes intensely heated, and in this condi-
tion passes out through the opening p and
into the fire-box K/, ﬂl’ld thence under the
boiler and through the fire-tubes I to the
chamber (x, and finally out at the uptake.

I desire to call especial attention to the fact,
that the chamber J, with associated parts, is
not a gas-producer in the sense that it gen-
erates a combustible gas, which is subse-
quently burned underneath the boiler, and
in this respect my invention differs widely
and materially from apparatus in which gas
18 substituted for solid fuel. "Thefuel is con-
sumed completely in the chamber J under
conditions which will make the resulting
product a non-combustible gas heated to an
Intensely-high temperature, and not a gas
which is comunmble which 1s produced hy
distillation, and which 18 subsequently ig-
nited and then completely consumed at the
point at which its heat is to be utilized. Tt
is also to be understood that while my device
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is especially constructed to produce intensely-

hot carbonie acid it may also be used to pro-
duce a current of carbonie oxide, which may
be converted into carbonic-acid gaselsewhere;

or, 1f suiltable material be placed in the cham-
ber, other 1gnitible gas may be made. In
such use of my apparatus it is simply neces-
sary to shut the valves u, connecting with the
lower tuyeres v/, when there will be incom-
plete combustion of the fuel in the lower
part of the chamber, and hence a distillation
of the fuel there located. I prefer touse my

apparatus;hiowever, in the manner firstabove
det:{u]ed——tlmt 18 to say, to produce a cur-
rent of highly-heated carboniec acid from an-
thracite coal or coke. 4t will, however, be
apparent that not only do 1 pmduce an in-
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tensely-hot current of gas resulting from a
complete combustion, and hence utilization

~of the fuel, and atthesame time do away with

IO

the serious objections resulting from smoke
production, but that, furthermm‘e by the use
of cinder combined with the fuel I obviate
the inconveniences due to the production of

large amounts of ashes, the proportion- of

slag collected being very much less in bulk
than the otherwise uncombined ashes. This
reduction in the quantity of refuse produced

- becomes of great importance in the applica-

20

~cretes, cements, d&c.

“tion of my invention to marine boilers, inas-

much as it saves the constant handling of
large amounts of ashes. Thegranulated slag
produced is also a utilizable produect, and, as

~is well known, may be applied- to advantage

for the manufacture of artificial stone, con-
T'he object of placing
the chamber J on the rollers QQ is to allow of
its removal, if desired, from the front of the
boiler, the pipe ¢ and the water outlet and

~inlet pipes being previously dlseonneeted for
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that purpose.
I have already stated that the outlet-pipe

n may communicate with a boiler, so that the

water flowing out of the boxes K LMNP

“may be led mto the feed, so that the gas-gen-

erating apparatus may also serve as a feed—
water heater. To.this end I connect to the

~ pipe n a downwardly-extending pipeo, which

communicates with a pipe b’,leading into the
boiler, as shown 1n Kigs.
with a pipe ¢/, leading to any other desired

point. In the pipe b’ is arranged a valve d’,

and in the pipe ¢’ is a valve e’ \Vhile the
apparatusisinoperation,the valve ¢’ is closed
and water 1s forced under pressure through
the boxes KL M N P, becoming heated in its
passage, and thence through the pipes n 0 &’
into the boiler, the valve d’ being open.
When it is desired to -direct the water from
the boxes elsewhere than into the boiler, the
valved’isclosedand thevalve e’ open,inwhich
case the water will pass from the boxes and
escape by the pipe ¢’. |
I do not e¢laim, broadly,a combusmon cham-
ber or stack havmﬂ* openings in its walls dis-

“posed opposite one another, so that the air-

blast traverses the fuel in a horizontal direc-
tion. It 1s essentialto my apparatus that the
air shall enter two openings i1n the combus-

tion-chamber, and then proceed downwardly

through the charge in order to produce a
lufrhly-heated gas, and that the gas-escape
opening shall be located at such a distance
below these air-openings as that the gas shall

- be produced and heated within thecombus—

60

tion-chambet before it mahes its exit through
said escape-orifice.
I claim—

1. Aeombustlon-ehamber h.:wm - at its bot-

tom a hearth and at its top a fuel-_SUpply_
wall openings disposed |

opening, and in 1its
in the following order, n
openings aft dlf

namely: two air-inlet
er ent*- elevations and a gas-

escape opening below said llllet-openln% f:md | bustwn chamber hmfmo double walls and a

-bel" J.

os. 1 and 3, “and also-

-of said chamber having
‘said hearth, tuyeres v v/, entering said cham-

above said hearth, in combination with means

for producing a draft from said air-openings
downwardly through the chargeinsaid cham-
ber and out at said gas-escape orifice.

2. The combination of the chamber J, hav-
ing a fuel-supply opening in its upper portion
and 8 gas-escape openingatthe lower portion,
and tuyeres v v’,communicating with a source
of air-supply aud entering thmunh the wall

of said chamber.

3. In combination with a steam- boiler, the
chamber J, having a fuel-supply opening in
its upper portion -and a gas-eseape opening
communicating With the fire-boxof said boiler,

and tuyeres v v’, located between said open-

ings and ontermﬂ through the wall of said

m.

70

75

30

ehmnber at dlffel ent elev.:ttmns and commu- -

nicating with a source of air-blast,
4, The combination of the boxes K L M,

and. bottom of the chamber J, tuyeres v v/,

dift

rent elevations and eommumcamﬂw with

N, and P, united to produce the °,1de walls |

-?entermﬂ said chamber throuﬂh the box M ELt '
_90

a source of air-blast, and a ﬂas-esca,pe-ﬂue- :

opening through the box K into said clmm—

The combination of the boxes K, L, M,
N, a,nd P, united to produce the Slde walls
and bottom of the chamber J, a water-supply

05

| pipe entering one of said boxes and commu-
-nicating conduits for said water-supply be-

tween said boxes, tuyeres v ¢/, entering said

chamber through the box M at different ele-

vations and communicating with a source of
air-blast, and a gas - escape-flue opening

th1'0u011 boa K mto sald chamber J.
-0, The combination of the boxes K, L, M,

N, and P, united to produce the side WELHS
and bottom_ of the chamber J, hearth £ in the
lower portion of said chamber, one of the walls

ber through box M atdifferent elevations and

communicating with a source of air-blast, and
a gas- escape-ﬂue opening through box Is_ into

smd chamber J.
7. The combination of the boxeq K I, M,

N, and P, united to produce the side walls
] and bottﬂm of the chamber J , & water-supply

pipe o, entering box P, and communicating

condmts as m, from said box P to boxes K L

M N, outletl-pipe 0, also communicating with

| said last-named boxes, tuyeres v v/, entering

said chamber through the box M at different

elevations and communicating with a source
gas-escape-flue opening
through box K into said chamber J.. .
- 8. The combination of the boxes K, L, M,

of air-blast, and a

N, and P, the box M having an opening, the
frame or door d, removably supported in said
opening,
throufrh the box M at d1
commumcatmn with a sourceof air-blast, and

tlweres v v/, entering said chamber
erent elevations and .

'TOQ

rog

a tap-opening above

110
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a gas-escape- ﬂne opening through box Kinto

&ud chamber .J.

9. The combination of asteam-bm]er, a com-
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Tuel-supply opening at its upper portion, a | the water-space in said boiler, and tuyeres en- 2o

hearth, a gas-escape opening located above
sald hearth, two tuyeres entering said cham-
ber through said walls at different elevations
between said fuel and gas-escape openings, a
water-supply conduit communicating with
the space between said walls, an outflow-con-
duit communicating with the water-space in
sald boiler, and means for producing a down-
ward draft from said tuyeres and through said
escape-orifice and into the fire-box of said
boiler. |

10. The combination of a steam-boiler, the
boxes IK, I, M, N, and P, united to produce

the side walls and bottom of the ehamber J,

a water-supply conduit entering one of said
boxes, communicating conduits for satd wa-
ter-supply between said boxes, an outflow-con-
duit extending between one of said boxes and

432,281

tering said chamber at different elevations
and communicating with a sourceof air-blast.

+11. The ecombination of a steam-boiler, the
boxes Ik, L, M, N, and I’, united to produce
the side walls and bottom of the chamber J,
a water-supply conduit enfering one of said
hoxes, communicating conduits for said wa-
ter-supply between said boxes, outilow-con-
duit o, having twobranches 0’ ¢/, the branch 0’
leading to the water-space in said boiler,

30

valves d’ ¢’,respectively,in said branches 0’ ¢/,

and tuyeres entering said chamber at differ-
ent elevations and ‘communicating with a
source of air-blast. -
ROBERT IF. NENNINGER.
Witnesses: |
I’ARK BDENJAMIN,
M. I3oscH.
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