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To all whom it may concern: .

!

~ UNITED STATES PATENT OFFICE.

ARTHUR W. PUDDINGTON, OF CLEVELAND, OHIO, ASSIGNOR TO ROBERT RENNIE, OF
' '  TORONTO, CANADA. - '

. SMOXE-PREVENTING FURNACE.

No. 891,635.

| Spelciﬁc‘ation-of Le_.ttera Patent. . _?atented June 23 , 1908.

g.&pplica,tioﬁ filed 'Ju;lé; 18, 1906, Sérial No. 322,142,

Be it known that I, ArRtaUR W. PuDDING-

TON, a citizen of the -United States, residing

at Cleveland, in the county of Cuyahoga and

State of Ohio, have invented a certain new |

and useful Imprdvement in Smoke-Prevent-

“ing Furnaces, of which the following is a full,
~ clear, and exact description, reference being

had to the accompanying drawings.
This invention relates to a system of equip-
ping steam boiler furnaces with means for

- pr_e,ventin%smoke and economizing fuel.

It is well known that all bituminous coals
are rich in gases and velatile carbon. Per-

fect combustion of this kind of fuel in hand

fired furnaces requires an air supply, varying

20

30 -
- has partially choked the
. the fire bed while the burning

takes up the oxygen as fast as it passes

30

40 mentary air must be admitted above the fire, |
during the process of coking. Admitting air

through fire doors, dead plate or openings

45

80

‘tion.

service at this time.

in quantityat different stages of the combus-

rapid distillation of the Volatile matter oc-

curs for a brief period. The whole interior

of the furnace is at the moment filled with

gases and floating carbon requiring instantly
a largely increased supply of intensely hot

air forced into intimate contact to enable
thelr combustion. Lacking sufficient air at

ignition temperature this valuable fuel can-

not burn and 1§ instantly swept out*of the

furnace unignited. Just at the time it is
needed, this excess air cannot be supplied |

through the grate. The freshly stoked fuel
openings through

xed carbon

through the grate bars. If the draft were of
sufliclent Intensity to supply the quantity of

‘alr required at this stage of the fire, there

would be a wasteful excess after the coking

‘process was completed. |

4

“J'0 accomplish the desired result, supple-

through front of the furnace will be of no
If the required quan-
tity 1s admitted it cannot be preheated suffi-
ciently t6 prevent chilling the gases below

the point at which their complete combus- |

tion can take place.
I am aware that furnaces and boiler set-
tings have been constructed with long flues

through the walls in which air has been

highly heated, but it has been found e¢enet-

When . fresh fuel i8 added to the fire -

-smoke and increasin _
furnace. In accomplishing this, I provide

front view theércof.

ally impractical._ In the ordinary furnace ) furnace has the usual side walls 2

N wa,-_ﬂs 1t 1s impossible to make them of suthi-

clent length and size to heat the required
quantity of air without too greatly weaken-
ing the walls and injuring the setting.
It 1s the object of the present invention to
rovide a furpace with an improved method
for supplying automatically at the proper
time and for the proper length of time a

ture to unite with the gases and floating car-

bon in the fire box, thereby attaining sub-

stantially . perfect combustion, preventing
the efliciency of the

from the rear a large passageway for hot air
under the furnace, but without disturbing

“the walls thereof, so arranged that it will ef-
fectively heat the air and control this pas-
sageway by means actuated by the opening
-of the fire door. = At the rear of the fire box 1
supply a mixing pocket which becomes in--

candescent, into and through which the
gases pass, mnsuring their thorough mixture.

Underneath this pocket,-in heating relation
thereto, is located a large air chamber or res-

ervolr imnto which the air passageway leads
from the rear of the combustion chamber and
from which it leads forward- under the fur-
nace, communicating with the air chamber
over the fire doors.

rearwardly over the fuel bed. These jets

3

6{

| proper quantity of air at the proper tempera- '

65

70

75

80

I also supply automat-
ically, when the fire door is opened, jets of
‘combustible gas which act downwardly and

85

thoroughly intermix the lgt air and gases -

while acting as a torch to compel instant ig-
nition of the mixture. _ |

The various features of invention are here-
mnatter more fully described and the essential

‘characteristies set out in the claims.

In the drawings, Ficure 1 is a sectional
side elevation of the furnace. Fig. 2 is g
Fig. 3 18 a horizontal
section through the air chamber substan-.
tially on the Ime A—A of Fig. 1. Fig. 4 isa
vertical section through the smoke space and
the admission openings.” Fig. 5 is a vertical
cross section on tiue line B—B of Fi. 1.
Fig. 6 is a horizontal secuon - rbstantially on
the line C—C of Fig. 1. Fig. 7 is a vertical
cross sectionon the line D—1D of Fig, 1.

90

99

100

- As shown in the drawings, 1 represents the

boiler which is of the return-tube type. - The

105

and rear



. A ‘of hot air to
nace has a cast 1ron frpilt 4. which proﬁdes g | Pass. from bene*a:_th the furnace 1O the a1r
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- ghown.” In this front are fire doors 6 and | the arches, ot the same time that combusti-
s 7. S o o ble gas and air are dischargeddowaward and 70
5 "8 represents the grate, above which is the ~:t'et‘a,'l.‘wal_f_‘g_lr:--i_‘ft-l:n:t:mgl:l‘ the opemings 41. 'This
Gre-box 9 and below which is the ash pit 10. discharg, '

) air and gas 18 spitiated when the

This much of the construction is of the usual | fire door is _t)pened,'and is automatically con-

-~ form and varies with conditions. ~ - trolled, as hereinaiter explained. |

10 The rear ‘end of the orate rests onl the 1.0cated at some suitable pointis a tank 51 75
b pridge wall-20. At the rear of this wall is an | adapted o contain petroieum oI other hydro-
inelined floor 21, from which rise a pair of carbon and connected at 1ts, Jower-portion
 wing walls 22 extending inwardly diagonally with the steam pipe 52 from the boiler. 'A
 from the side walls of the furnace. A short | pipe 53 1dads from the upper portion of this

“distance behind the wing walls is the baflle tank to the lower end of & sight feed device 80
wall 23, extending from he floor up to the 54,  From the upper - end of this device, &

~ boiler shell, leaving 2 space between its ver- | pipe 99 leads to a pipe 50. Joining this pipe
tical edges and the side walls of the furnace. | 56 is.a pipe o7 which leads from the steam
The wing walls and the baflle wall form a | Space ‘nto the boiler. Detween the sight
20 mixing pocket to :nsure the gas and air being | feed device and the pipe 53 18 & valve 59 con- 85

' thoroughly mixed when they pass ‘1o the | nected with a plunger 11 the cylinder 6.
anal combustion space 94 back of the bafile This eylinder 1s connected with the pipe 50.
~wall. Moreover, the baffle wall and wing | A spring 61 tends to hold the valve closed,
walls ave maintained ‘ neandescent and act as while the pressure On. the piston from the

o5 & reservoir of heat to preserve at all times a pipe 56 tends to open 1t | - 90
" more even temperature ander the boiler. | 62 represents {rain pipe lead1ng from.the -
 Extending tﬁrough the final combustion pipe 97, but normally ¢ osed.

- space 24 18 2 Aue 26 which is shown a6 cen- | L.eading from the lower end of the pipe 56

~ trally located and leading from ihe rear ends| 1s & pipe 63 which is embedded 1D one of the .

a9 Of the furnace to the bafltle wall 23. This walls 2 of the furnace and forms a retort 95

- flue passes_diagonally downward-thmugh'the' alongside of the fire box, being coiled back

paffle wall and beneath the inclined floor of and forth on itself, as shown at 65. Leading
he mixing pocket, where the flue flares out- | from this coil, & pipe extends crosswise at 60
- wardly and pa,SSQ,S .'diag(}naﬂy upw'a,rd par- within the brickwork 40-above the alr cham- .
95 allel with the inclined floor, as shown at 27.. ber, and extending downwardly. from this 100
Thence the: flue passes downward- (28) and pipe are a number of branch pipes 67 fermi-
divides into two portions 29, passing diag- nating in the nipples 45 referred to, which

-onally downward: beneath the bridge wall .| freely occupy the discharge openings 41 n -

and forward beneath {he floor of the fire box thei'wall;ca,rriéd by the areh 37 and point.

40 adjacent to the side walls of the furnace. rearward and downward toward the fire box. 105

~ 'Near the torward end of the furnace, the flues The operation of the system of piping just

turn laterally as at 30 and then pass up- de§cr1bed, when stear 18 admitted Irom the .
 wardly in the wall of the furnace as ot 31. | boiler t the pipe 57 ;s that the back pressure -

At their upper ends, these flues 31 connect | of the fluid 1n the pipe 63 acting against the

45 with an air chamber over the entrance open- iston 1n the"cy]in er 60, opens the valve 59, 110

" ings, which will now be Jeseribed. | gdmitting-o1l to0 the pipe 96, and oil and
~ The entrance openings 35 1 the furnace | Steam ass together t rough this pipe and
behind the fire doors are each surmounted by ‘through the retort 65, where the same are

g pair of separated arches 36 and 37 resting heated sufficiently to decompose the steam, .

50 ON Jkew-backs in the walls 2 and on the in- | making. carbon monoxid and hydrogen, 115
ternal pier 38. T hese arches leave between which is discharged through the nipples onto
them a long open space 39, establishing coli- the fire. The force of this discharge draws
munication between the entrance openings | air through openings 41 sround the nipples.
and the space above ihem which constitutes: This keeps the ni%ples_ comparatively cool.

. 55 the air chamber. At ts front this air cham- At the same time, DY having the pipe 66 em- 120
ber is closed by the cast iron front 4, and at bedded in the brickwork, the gases within
the top by @ _uitable plate and & layer of the pipe are maintained at the proper tem-
bricks 40. . o perature 1O prevent their se'pa,,mt_ion._ -

B Through the wall of the air chamber car= The discharge of combustible gas, as well

60 Tied by the arch 37 are tormed openings 41. | 83 the large %uantity of air through the flues, 129

These openings are occupied by nipples 49, above described, < “caused to take place aus

- which inject hydroca,rbon, os hereinafter ex- | romatically when the fire door 1s opened by

~plainad,— he arch oxtending forward be- | mechanism which i% the subject of my applt

- neath the nipples to protect them. The cation No. 298,90,] , filed Feb. 1st, 1906:
g5 operation of the flues and openings, as de- | Briefly deseribed, this mechanism 1S a8 fol- 13!
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lows: Tn the $"te‘am pipe_5': is a throttle valve
70 which 1s shown as connected by a-chain 71

and: a dash pot 74." Leading to the cylinder

of this dash pot 1s a pipe 75 connected with
water under pressure, as for example; with
the city water main. In the pipe 75 1s 4
valve 76 arranged to be opened and closed by
substantially a half rotation of its stem.
This -stem 77 extends upward -as-the hinge-
pintle of the fire door 6, being journaled 1n
the stationary ears -of the fire door hinge and

rigidly connected with the ears which are.
rigid with ‘the fire door.. When the fire door
18 closed, this valve 76 1s ‘closed, but when
15

the fire door is opened, to admit fuel, the
valveisthereby automatically opened. This
admits water underpressure to‘the hydrauhe

- dash pot 74, thé piston of which moving

20

- 25

Ll
.

80 3
-~ medigtely onto ‘the fresh fuel. This air us

charged onto the fire.

under the force of water, opens the throttle

valve 70 in the pipe 57, whereupon as stated,
steam ‘and hydrocarbon are forced through.

the rétort and the resulting water-gas is dis-
78 tepresents a damper at the rear end of
the flue 26 herembetore ‘described. 'This

-dampeéeris connected by a-chain 79 with the

chamn 71. ‘The same operation of ‘the dash
pot ‘therefore which causes ‘the injection of
the gas opens'the air flue s¢ that a sufficiently
Iarpe quantity of heated airis discharged ym-

~ stifficient in quantity to combine with the

40

45

gases ‘gnd cdarbon rising from the fresh fuel

~and 1t is ot -enough, from the heat it re-
. 3b

ceived'beneath-the combustion chamber, and

-mixiiig-chamber, and ‘the heat added by the
burning injected gases, to -cause it to umnite |
with the floating carbon and carbon mo-

noxid, thereby insuring substantially com-
plete combustion. The force of the injected

gas blows this air and the ascending carbon

reatrward across-the bridge wall and ‘bétween
the wing walls and agsinst ‘the baffle wall,
which not only causes a thorough muxture
but by the highly heated surfaces of the wing
and baflie walls insure complete combustion.

To further insure the heat of the air sup-

Ely and the combustion of the floating car-

on, I may provide in the side walls of the

furnace, nipples 80, which are respectively .

connected with the retort 65 and with 4 piﬁe
S1 connecting with pipe 66 conveying the
hydrocarbon gas. These nipples stand with-
I air pascageways 82, communicating with
the lues 29. Two nipples are shown on each

“side occupying a longitudinal extension.of

GO

_diagonally rearward toward the

the vertical flues 82. These nipples point
Eyidge wall.

They are of special use in case the fire box 1s
very long, augmenting the rearward force of
the gases injected from the front. :
Extending from the dash pot 74 1s a drip
pipe 85 having a’ valve 86. After the fire
door is closed, the action of the injected

65 yater-gas and air continues until the dash_

t+ " Ther

g -

pot 'plunger is returned to its normal pos‘fi- |

tion,—this return being accomplished by the
gradual escape of the water from the dash
pot cylinder through the pipe 85. The time

of this escape is regulated by the valve, so

that the injection of air ‘and water-gas may

continue, after €ach firing, for just the

length of time mecessary to consume those
volatile ‘constituents of the fuel whicn or-
dinarily csuse smoke.” This period of time

will vary'considerablywith driferent fuels,—a.
from two to four minwates.

usugl period being froz

Adjustable collars 87 on the rod 72 -of the
hydraulic dash pot ‘may Turnish convenient
means for limiting ‘the amount ‘of opening of
the throttle valve and theair damper. - The
dash pot rod is shewn as having
tendehcy by a weight 88 on'the chain:
the Tod 1s in 1its uppetn
danyper is ‘closed, and the throttle walve as
held by its weight in its lower’ posifion,

which is its:closed position.” When the dash

70

75

80

-an upward
hen
fmost ‘position, the

8b

pot rod is Toroed downward, the chain opens

the throttle valve and the damper. "This ar-
rangement of chains and ‘weights 1s simply

installations. --Springs ‘may ‘be ‘substituted

for the weights, end links for the chains.
lation ofthe flow of hydrocarbon
is. contrdlled by -the back pressureof the

steam -and ‘the combustible gases forming-in
the rétort, with the result thet just the Tight

90

illustrative ‘and will %ary. with . particular

95

armount-of oil is-continually supplied to form
such gas. A decrease of steam reduces the -

gas ‘pressure and this operates to allow the

T

forefregula_tes itself automatica

. 100
*?lprmg to-close the valve-sufficiently to re-
uce the oil supply. The Buppl{riof oil there-

It will be seen from the above description .

that air of the right temperature and of the
proper quantity is automatically discharged
onto the surface of the fresh fuel. This dis-

100

charge takes place at the right time ‘and

for-the right length of time.  This fogether °
with -the automatically regulated flow and

discharge of the combustible gas causes

away with all’smoke and endowing ‘the fur-
nace with much greater efficiency. The
heated air discharged downward into the en-

trance opening very much reduces the quan-

tity of cold air drawn in through that open-

substantially complete combustion,—doing

115

ing. What cold air does come 1n is 1mme-

diately heated by the hot burning gas in-

jected, and this gas being discharged rear-
wardly "above the entrance opening, forms

120

2 protector for the boiler shell, preventing it

being -chilled. - .

. It 1s to be particularly-noted that my hot, -

air flues do not weaken the wall of the:fur-
I nace,—Dbelng located between tlie walls, ex-

cept at the forward end of the furnace where

125

there is ample strength for-the passage of the |

vertical flues to the air chamber. My ar- |
rangement wlso provides a hot air reservoir j3¢-

110

> -
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10

15
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- 1, The combination, with a grate, 6f @ mix:
h inﬁ pocket behind the grate and formed with
a.

‘where a -I&fge q}l&ntiﬁy' of hot air is main-

tained, which 1s immediately available when
the fire door is opened. - - |
- Haying thus described my. invention, 1
claim: - o o

oor, a hot air reservoir beneath such floor,

‘a8 narrow inlet passageway communicating

with such hot air reservoir, a pair of flues

leading from such hot air reservoir alongside .

of the two furnace walls, and between them,

sald flues being adapted to discharge onto
the ‘u{iﬁer side of fuel on the grate. °
2.

e combination, with a gral_te' and
bridge wall, of wing walls behind the .br,id%'e
wall, and a baffle wall behind the wing walls,

‘whereby a pocket is provided behind the
- bridge wall, a hot, air reservoir beneath the
floor of said pocket, a passageway from the
rear communicating with such hot air reser-

" voir, a flue leading from such hot air reser-

25

S0

35

‘grate, of a

voir, passing beneath the bridge wall and
adapted to discharge onto the upper side of

fuel on the grate.. . L

. 8. In a furnace, the combination with a
air of horizontal flues between
and alongside of the furnace walls and be-
neath the grate, a vertical flue in each wall of
the furnace near the forward end communi-
cating at its lowdr end with the flue alongside
of such wall, an air chamber extending across

thé furnace over the entrance opening and |

adapted to discharge into the furnsce,. the
ends of such air chambers communicating
with such vertical flues, a hot air reservoir

~ beneath the furnace at the rear of the ash

40

pit with which such horizontal flues commus-
nicate, and an air passage leading from the

outer air to sald reservorr. | o
4. The combination with .a grate .and

bridge wall, wing walls behind the bridge

wall and a baffle wall behind the wing walls,

whereby a- pocket is provided behind the
bridge wall, a hot air reservoir beneath the
floor of such pocket, an inlet passageway

- communicating with such air reservorr, a

voir along side of the furnace walls, and be-

S0

pair of flues leading from such hot air reser-

tween them,-a vertical flue m each wall of
the furnace near the forward end communi-

cating at its lower end with the flue alongside

"of such wall, an air chamber extending

55

60

furnace to such reservoir a flue leading from

across the furnace over the entrance opening
andadapted to discharge into the furnace,
the ends of such air chamber communicating
with such vertical flues. . -~ -

5. In a steam boiler furnace, the combina-
tion ‘with the grate, a hot air reservoir
adapted to be heated by the.products of
combustion, a flue leading from outside the

said reservoir to the front of the furnace, and

adapted to discharge above the grate, nmgans.

891,685

-

| grate, and means initiated b} the opéﬁilig of

fluid and opening such air flue. .
6. In a steam boiler furnace, the combina-
tion, with &

such’ reservoir, flues from saild hot air reser-
-voir leading to the front of the furnace and
adapted to discharge above the grate, means

and means initiated by the opening of the
fire door for controlling the injection of such
fluid and the flow of air through the flue.

. 7. In a steam boiler furnace, the combina-
tion with a grate, a mixing pocket, & hot air -
flue leading through the space behind said
pocket, a lateral reservoir beneath the floor
of the mixing pocket with which said flue

85

‘ecommunicates, two' flues leading forward
from the reservoir beneath the bridge wall
substantially to the front end of the furnace
and then passing upward, an air chamber
over the entrance opening with which such
upward passageways communicate, and ex-
its from the air chamber into the fire-box.
8. In a steain boiler furnace, the combina-
‘tion of a grate, an entrance opemng thereto,

entrance opening, an air -chamber over the

o through the space between the
arches, hot air flues in the furnace walls com-
| municating with- opposite ends of saul air
| chamber, horizontal ghmg beneath the grate

opening

nace walls and communicating with the lower

i reservoir beneath .the floor and behind the
bridge wall with which said horizontal flues
communicate. . -

- 9. The combination with a grate and. a

or inclining upwardly toward the brudge
wall, there being an inclining space benecath
such floor constituting a hot air reservorr, a
Rue leading from the rear to such reservorr,
and a pair of flues leading forward from such
reservoir, and an air-chamber over the en-

ing with the fire-box, said last mentioned
flues communicating with said. air-chamber.

10. The combination with g grate, a bridge
wall behind if, a mixing pocket behind the
bridge wall having a slanting floor, a reser-
voir beneath such floor, & narrow inlet flue

flues passing from such reservoir beneath the

the furnace walls and turming upwardly, and

with which such upwardly extending flues

cominunicate, said air chamber having an

65 for injecting fluid above the fuel on. the | exitopeningcommunicatingwith thefire-box.

" L
F -

the fire door for causing the mjection of the

grate and a mixing pocket at the
| rear of the grate, of a hot air reservoir-be- 7 .
neath the mixing pocket an inlet flue for -

“for injecting fluid aboveé the fuel on the erate; -

' a pair of parallel separated arches over the .
95
arches adapted to discharge into the éntrance

| and adjacent to the inner sides of the fur-

[-ends of the flues m the furnace walls, and o

‘bridge wall at the rear thereof, of & mixing
Eockét behind the bridge wall and having a
110

‘trance opening to the grate and conununicat-

t bridge wall and passing forward adjacent to

73

30

104

114

116

129

communicating with-such reservoir, a pair of

80

125

| an-air chamber over the entrance opening

130
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891,635

11. The combination with a grate, a bﬁdge
wall at the rear thereof, a mj

the rear of the bridge wall provided with a

- floor, & hot air reservoir beneath such floor,

of upwardly extending

10

an 1nlet flue for said reservoir, a pair of dis-
charge flues from the reservoir leading for-
ward on opposite sides of the furnace, & pair
lues leading from
such forward flues and discharging into the
fire-box from the said walls of the furnace,
and nipples located within the exit portion of

- the last-mentioned flues, and means for con-
- veying fluid to said nipples.

15

12. In a steam boiler furnace, the combi-
nation of a grate, a bridge wall at the rear of

- the grate, a mixing pocket at the rear of the

20

bridge wall, said pocket having & »or, a hot
alr reservoir beneath such floor, an inlet pas-

sageway leading from the rear to said reser-

volr, two outlet flues leading from the reser-

mixing pocket at

oD

voir forward adjacent to the furnace walls,
~sald flues turning upwardly at their forward

ends, an air chamber located over the en-

trance opening to the grate and communicat-

Ing at its ends with such upwardly turned
portions of the two flues mentioned, said air-
chamber having exit openi sleadinginto the
fire-box, flues in the side Wna%ls of the furnace
extending upwardly from the two outlet flues
first-mentioned and having exit openingsinto
the fire-box, nipples occupying the various
exit 0perﬁi]§s mentioned, and piping adapted
to convey fiuid to the varivus nipples. -

In testimory whereof, I hereunto affix my

signature in the presence of two witnesses.
- ARTAUR W. PUDDINGTON.

Witnesses:
ALBERT H. BATES,
BrRENNAN B. WesT.
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