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Application filed January 6, 1909.

To all whom 1t may concern:

Be it known that I, Cuarues F. Harris, o |

citizen of the United States, residing at Al-
toona, in the county of Blair and State of
Pennsylvania, have invented a new and use-
ful Smoke-Consumer, of which the follow-
ing is a specification.

My invention relates to steam engines and
particularly to means whereby air may be
forced into the fire-box of an engine above
the fire and thereby produce such a heat
therein as will consume the smoke and other
products of combustion which would other-
wise be carried up the stack.

A further object in this connection is to
improve the form of my device shown and
deseribed in my application for patent, Se-
rial No. 438,841, filed June 13, 1908, this
improvement consisting in providing means
whereby the valve controlling the admission
of air to the fire-box shall be actuated from
and by the valve rod of the steam chest and
whereby the air passing from the reservoir
shall be cut off or reduced without failuvre
upon the throttle lever of the engine being
operated to cut off the supply of steam to
the same. '

In the drawings I have shown my mech-
anism as applied to a locomotive engine, and
therein—

Tigure 1 is a side elevation of a locomo-
tive engine, showing the air conducting
pipes; Fig. 2 is an enlarged longitudinal

section of one of the air controlling valves, |

the bell crank for operating this valve being
in plan; Fig. 8 is an end elevation of the
boiler and fire-box, the other portions of the
engine being omitted for the sake of clear-
ness; Iig. 4 is a diagrammatic plan view ot
the front portion of an engine, showing the
opposed: steam chests and valve connections
and particularly showing the connections be-
tween the air regulating valves and the
steam valves; Fig. 5 is a diametrical section
of the air controlling valve connected to the
throtile lever; Figs. 6 and 7 are plan views
of the rigid and movable disks of this valve;
Fig. 8 is a longitudinal diametrical section
of one of the stay bolts; Fig. 9 is a frag-
mentary section of the stay bolt before the
flange thereof has been overturned against
the boiler sheet; Fig. 10 is a transverse sec-
tion on the line 10—10 of TFig. 2. '

Tike reference numerals throughout the
several views, designate like parts.

In the drawings, 10 denotes the boiler of
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a locomotive engine, mounted as usual upon
the driving wheels 11, and provided with
the cylinders 12 and steam chests 13 contain-
ing the usual steam valves controlling inlet
of steam to the cylinders 12 and actuated by
the oppositely-reciprocating valve rods 14,
which are driven in any suitable manner asis
usual in the art. The rear end of the boiler
is provided with a fire-box 15 having inner
and outer walls 16 and 17. All these parts
are as usual in locomotive engines and re-
quire no further description.

As before stated, my general object is to
produce a more complete combustion within
the fire-box of an engine and thereby re-
duce or entirely eliminate smoke. In gen-
eral I attain this end by providing an air
reservoir connected to a source of com-
pressed air and connect this reservoir with
the fire box. Between the reservoir and fire-
box I interpose a controlling valve which is
reciprocated by a connection to the valve
rod 14 so that the air controlling valve shall
be opened and closed in accordance with
the movement of the valve rod, so that as the
stroke of the steam valve is changed, the
stroke of the air valve shall be also changed.

Inasmuch as at many times the engine is
“drifting ” the valve rod being reciprocated
without, however, any steam being used,and
therefore, without the necessity of a forced
draft, I provide means twhereby admission
of compressed air to the fire-box is addi-
tionally controlled by a valve connected to
the throttle lever of the engine.

18 denotes an air reservoir which is con-
nected by the pipe 19 to any suitable source
of compressed air. A. pipe 20 extends from
the reservoir to each valve chest 22, shown
in detail in Fig. 2, to which it is connected
by a branch 20?, a globe valve 21 being inter-
posed in the pipe 20 between the reservoir
and the valve casing, 22, so that connection
between the reservoir and valve casing may
be entirely cut off.

Before “describing the valve mechanism
shown in Tig. 2 in detail it will be best to
describe the connections from one casing 22
to the fire-box. From the lower portion of
the casing 22 a pipe 23 extends upward as
shown to a point above the reservoir 18

and then rearwardly to the rear end of the.

boiler, where, as shown in Fig. 3, it extends
around the end of the boiler to about the
center thereof and enters a valve casing 24,
as shown in TFig. 5. A regulating valve 26
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for closing off the passage through the pipe
23 is located on the upturned branch of the

pipe 28, as shown in Fig. 8. From the valve |

casing 24, a pipe 25, extends downward to
a header 27 by which the air is carried across
the rear face of the fire-box. The globe
valve 28 is located in the pipe 25 so as to
cut off connection between the valve casing
24 and the header 27. Extending from the
header 27 is a series of pipes 29, each pro-
vided with valves 80 and engaging at their
lower ends in elbows 81, which, in turn, have
screw threaded engagement with the pro-
jecting ends of tubular stay bolts 32 shown
in Fig. 8, these stay bolts extending through
the sheets 16 and 17 of the boiler as shown
in Fig. 8. The inner ends of the stay bolts
are flared as at 33 so that the air entering
thereby will be directed in an expanding jet
over the fire. The outer ends of the stay
bolts are formed as shown in Fig. 9 with a
V-shaped cut 34, extending around the cen-
tral projecting portion, thus forming an out-
wardly extending flange 85 which 1s flared
and expanded as shown in Fig. 8 against the
inner face of the sheet 17, thus forming a
tight joint for the stay bolt, entirely closing
the inner end thereof against the side sheet
and holding the stay bolt rigidly in place
relatively to the sheet. It will be seen from
this that the course of the compressed air
is from reservoir 18 to the valve casing 92,
through the valve ports therein into the
pipe 23, from pipe 23 to the valve casing
24, and from thence to the fire-box.

While a very good effect is gotten by con-
ducting the compressed air into the front of
the fire-box, I have found in practice that
to prevent the air rushing through the fire-
box and into the stack it is best to provide
means for creating whirling eddies or cross
currents in the air thus introduced and the
products of combustion with which the air
1s mixed. To that end I also introduce air
into the sides of the fire-box by means of
pipes 38 which are connected to opposite
ends of the header 27, as shown in I'ig. 3
and extend around the sides of the fire-box
to the position shown in Fig. 1. Extending
from the pipe 38 are one or more connec-
tions such as heretofore described, whereby
the air from pipe 38 may be directed into the
fire-box. These consist of the downwardly
extending pipes 39 connected by tees or el-
bows to the pipe 38 and provided with valves
40. The lower ends of these pipes 39 are
formed with oppositely - projecting down-
wardly-turned elbows 41, which in turn con-
nect with the pipes 42 formed with the el-
bows 81, which connect with the tubular
stay bolts 82, as previously described.

It will be obvious that air injected into the
space above the fire by the lateral nozzles
formed by the stay bolts 82 will meet the
forwardly-directed jets of air and that ed-
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dies or whirls of air will therefore be cre-
ated in the fire-box above the fire, which act
to check flow of air toward the front of the
engine o1 stack and to prevent a too rapid
passage of air up the stack. This is neces-
sary particularly as my mechanism is in-
tended to inject air into the fire-box at the
moment that the exhaust steam from the
cylinders is directed into the stack.

Referring now to Tigs. 2 and 4, 22 denotes
opposed valve chambers of any desired char-
acter, having each the inlet pipe connection
20* and the stufling box 43, through which
passes a valve rod 44, carrying at its end a
slide valve 45. This in its movement back
and forth in the casing 22 is adapted to al-
ternately cover and uncover the ports 46 and
47, whereby air is admitted from the cham-
ber 22 into a chamber 222 below the ports 46
and 47, and thence into the pipe 23." In or-
der to provide a support for the slide 45 and
for the openings 46 and 47 I form the lower
portion of the valve chamber 922 with a
transverse septum 48, upon the upper face
of which the valve 45 slides. As will be seen
from Fig. 2, the opposite ends of this sep-
tum are provided with the small air pas-
sages 49, which the slide 45 never covers.
These permit, therefore, a constant passage
of a small amount of air from the upper
portion of the chamber 22 into and through
the pipe 23 to the fire box.

As shown in Fig. 2, the slide 45 is in a po-
sition to cover both of the ports 46 and 47,
but it will be obvious that upon a reciproca-
tion of the slide valve the ports will be
opened alternately, and that if the full stroke
of the slide valve is cut down, the ports will
be only partly opened in accordance there-
with.

In order to reciprocate each rod 44 in time
with the valve 14 adjacent to it, I provide a
bell crank lever 50, journaled in bearings
upon a suitable base 55, on the engine frame
and connecting by a link 51 with a sleeve 52
adjustably mounted by means of a set screw
52* upon the valve rod 14. The other arm
of the bell crank lever is connected by a link
53 to a rocking arm 54, which is pivoted at
its lower end to an ear projecting from the
base 55, preferably forming part of the valve
casing 22. This rocking arm 54 as shown in
Fig. 10 is formed in two halves 56 and 57.
The lower ends of these two conjoined halves
are spaced apart sufficiently to receive the
end of the link 53, bolts 59 and 60 passing
through the link and through the ear, re-
spectively, provided for the pivotal connec-
tion of the arm 54 to the link and ear. Piv-
otally mounted between the two sections 56
and 57 just above the ear 58 is the rocking
block 61 having a screw-threaded passage
through it adapted to engage with the screw
threaded end 62 of the rod 44. Set nuts 63
on the rod 44 are adapted to be serewed up
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on either side of the block 61 so as to hold
the rod 44 set in any adjusted position with
regard to the block 61. In order to support
the rear end of the rod 44 I provide an up-
wardly “extending bearing 65 attached to
the base 55 in any suitable manner, which
carries a sliding sleeve 66, screw-threaded
upon the end of the rod 44. This sleeve ve-
ceives all the wear which would otherwise
exist between the rod 44 and the bearing 65.
The sleeve is held in place by set nuts 67 and
68, so that it may be adjusted upon the
screw-threaded portion 62 of the rod in con-
sonance with the adjustment of the rod in
the rocking block 61.

It will be seen that with the mechanism
above described a reciprocation of the valve
rod 14 causes a reciprocation of the rod 44.
This in turn reciprocates the valve 43, alter-
nately cutting off and admitting air from
the pipe 20 into the pipe 23. It will also be
seen that Ly using the two ports 46 and 47
this supply of air will be coincident with the
arrival of the engine piston at the extremity
of its stroke, that is, at the point where the
exhaust passes into the stack. It will be
seen that by means of the adjustment of the
rod 44 relatively to the arm 54, the stroke of
the valve 45 may be regulated in any de-
sired manner and so as to have any desired
relation to the stroke of the piston in the en-
gine cylinder. While I might control the
supply of alr entirely from one of the valve
rods 14 of the engine, I prefer to control the
supply from both valve rods as shown in
Tig. 4, it, of course, following that the re-
spective pistons 42 of the two valves will
be oppositely moving at the same time in
accordance with the opposite movement of
the valve rods 14 on either side of the en-
gine.

Referring now to Fig. 5, the valve casing
24 is provided with a cap 70 closing the top
of the valve casing and provided with a
gland 71 through which passes the rotatable
valve spindle, 72, connected by a crank arm
or link 73 to the usual throttle lever 4.
The lower end of the valve spindle T2 is
formed with a disk 75 provided with two
openings 76 and 77, the opening 76 being
elongated and much larger than the aper-
ture 77. Immediately beneath the disk 75 is
the fixed disk 78, which is screw-threaded
into the walls of the casing 24. This disk
78 is formed with one opening 79, as shown
in Fig. 6, and the openings 76 and 77 are
adapted to respectively register with the
opening 79 as the valve spindle 72 is turned.
The lower end of the valve casing 24 is
formed with the nipple 80, which is screw-
threaded into the pipe 25 as before de-

seribed, and interiorly screw-threaded nip-

ples 81 project from the sides of the valve
casing 24 and are adapted to engage with
the pipes 23. These details, of course, may

8

be modified in many ways as desired, with-
out changing the essence of the invention.
The crank 73 is so directed with relation to
the angular position of the apertures 77 and
76 that when the throttle lever 74 is thrown
so as to open the throttle to its full extent,
the larger aperture 76 will coincide with the
aperture 79; and that when the throttle is
thrown so as to shut off steam entirely, then
the small aperture 77 registers with the
opening 79. DBy this mechanism it is impos-
sible to shut off steam and yet be forcing air
into the fire-box to the great waste of coal
and air. Thus only a little air will pass into
the fire-box even though the slide valves in
the cylinders 12 of the engine are being re-
ciprocated. At the same time when the
valve 75 is so thrown that the opening 76 is
in alinement with the opening 79, it is obvi-

ous that the supply of air will be entirely

regulated by the movement of the valve rods
14, and that when the valve gear with which
these valve rods are ordinarily connected is
thrown so as to provide for a very small re-
ciprocation of the valve rods that the ports
46 and 47 will either be uncovered very
slightly or not at all by the reciprocation of
the slide valves 45. Thus the supply of air
to the fire box is entirely in proportion to
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the movement of the valves within the steam gg

chest and dependent upon this movement,
while, at the same time, the supply is simul-
taneously shut off upon the movement of the
throttle valve and is thus not dependent
upon the attention of the fireman or engi-
neer and cannot be left open for the free
passage of air through carelessness. It will
be seen that there is always a certain amount
of air passing from the reservoir 18 through
the side parts 49, into the valve casing 24
and through the small ports 77, thus supply-
ing air just sufficient to provide for a proper
amount of draft when the engine is “ drift-
ing,” or when the slide valve 45 is stationary.

One of the objects attained by my inven-
tion is the means whereby the stroke of the
air valve 45 is reduced if the steam to the
piston cylinders is cut back. Unless some
means of reducing this stroke of the slide
valve 45 is used, air will be admitted in full
amount to the fire box at every reciprocation
of the valve rods 14 without regard to the
amount of such reciprocation. DBy connect-
ing the valve rods 44 to the valve rods 14 it,
of course, follows that a variation in the
stroke of the rods 14 causes a like variation
in the stroke of the rods 44 and that the
slide valve 45 will therefore move in exact
accordance with the movement of the usual
stide valve within the steam chest 13 so that
when the engine is being more lightly
worked, the supply of air is cut down, and
vice versa.

The importance of the cut-off mechanism
shown in Fig. 5 resides in this, that, when
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the engine is “drifting ” though no steam be
used, yet the valve rods 14 are making their
full reciprocation, and, hence, a full amount
of air would be admitted to the fire box, even
though this air were not needed. A ‘valve
might be provided in the pipe 23 which could
be closed by the fireman or engineer at this
time, but this valve could be easily left open
through carelessness, thus wasting the com-
pressed air. This is obviated by connecting
the valve to the throttle lever as described.
By means of the various valves 21, 26, 28, 30
and 40, the air may be directed into any de-
sired portion of the fire box or may be cut
off therefrom entirely.

While I have shown two pairs of air inlet .

pipes, 42, upon the sides of the fire-box, it
will be understood that I may use as many
inlets as desired, and arrange them differ-
ently from the exact arrangement shown, and
in accordance with what practice deternines
to be the best arrangement.

Having thus described my invention, wha
I claim as new and desire to secure by Tet-
ters-Patent, is:

1. The combination of a boiler, a furnace
for heating the same, an engine including a
valve mechanism for admitting and exhaust-
ing the steam to and fromn the engine, and
means connected with the valve mechanism
and positively actuated thereby for admit-
ting fluid to the furnace.

2. The combination of a boiler, a furnace
for heating the same, an engine including a
cylinder and a valve mechanism for control-
Ling the supply of steam from the boiler to
the cylinder and the exhaust of the steam
from the latter, a valve for controlling the
admission of fluid to the furnace, and an
operating connection between the last-men-
tioned valve and the said mechanism for ad-
mitting fluid to the furnace while steam is
admitted to the cylinder.

3. The combination of a boiler, a furnace
for heating the same, an engine including a
cylinder and a valve for controlling the ad-
mission of steam from the boiler to the cyl-
inder, a draft appliance for supplying fluid
to the furnace, said appliance including a
ralve operatively connected with the valve
of the engine to move simultaneously there-
with for maintaining a pulsating draft in
the furnace while the engine is consuming
steam, separate valves movable simultane-
ously for controlling the flow of steam to the
engine and of air through the said appliance
to the furnace independently of the move-
ment of the other valves for reducing or in-
creasing the amount of finid supplied to the
furnace as the demand for steam decreases
or increases, and a controller for the last-
mentioned valves.

4. The combination of a boiler, a furnace
for heating the same, an engine including a
cylinder and a valve for controlling the ad-
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mission of steam from the boiler to the cyl-
inder, means for supplying fluid to the fur-
nace including a controlling valve, a common
operating mechanism for the steam and fluid
valves, a throttle for controlling the supply
of steam from the boiler to the engine, and a
valve located in the said means and con-
nected with the throttle to open and close
with the opening and closing of the latter to
control the supply of fluid to the furnace
through the said means.

5. The combination with a boiler, a fur-
nace, a cylinder, a steam valve controlling
the supply of steam thereto, of an air res-
ervoir, a conducting pipe connecting the res-
ervoir and the furnace, a valve located in
the pipe, and means connected to the steam
valve actuating means for periodically open-
ing and closing the valve with each stroke
of the steam valve to permit or cut off the
passage of air through said pipe.

6. The combination with a Iocomotive en-
gine including a boiler having a furnace,
cylinders, and steam valve mechanism actu-
ated only during the travel of the locomo-
tive for controlling the admission of steam
to the cylinders, of an air reservoir carried
by the locomotive, air supply pipes connect-
ing the reservoir with the furnace, valves
located in the pipes, said mechanism includ-
ing a reciprocatory member and means
driven by the reciprocatory member of the
steam valve mechanism to effect the opera-
tion of the air supply valves.

7. The combination with a fire-box, a cyl-
inder, and a steam valve controlling the
supply of steam thereto, of a conducting
pipe leading from a source of compressed
air and entering the fire-box, a reciprocat-
ing valve in said pipe for regulating the
passage of air through the pipe, and means
for operating said reciprocating valve from
the steam valve to admit and cut off the air
from said reservoir in time with the move-
nents of the steam valve.

8. The combination with a fize-box, a
steam cylinder, and a reciprocating steam
valve controlling the admission of steam
thereto, of a conducting pipe leading from
a source of compressed air and entering the
fire-box, a valve casing in said pipe, and a
reciprocating valve in said casing connected
to the steam valve and constructed to cover
and uncover the ports in said casing at op-
posite portions of the stroke of the valve,
to permit the intermediate passage of air
through the pipe from the reservoir to the
fire-box.

9. The combination with a fire-box, a
steam cylinder, and a reciprocating steam
valve controlling the admission of steam
thereto, of a conducting pipe leading from
a source of compressed air and entering the
fire-hox, a reciprocating valve located in
said conducting pipe and adapted to alter-

70

75

80

85

90

95

100

105

110

115

120

125

1390




10

15

20

25

30

35

40

45

50

55

60

85

961,072

nately cut off and permit the passage of air

through the pipe, a bell crank lever con-
nected to said valve for operating it, and

a connection between said bell crank lever

and said steam valve. _

10. The combination with a fire-box, a
steam cylinder, and a reciprocating steam
valve controlling the admission of steam
thereto, of a conducting pipe leading from
a source of compressed ait and entering the
fire-box, a valve casing located in said pipe,
a slide valve operating in the casing and
having an exposed stem and adapted to al-
ternately open and close the passage through
said pipe, a lever connected to the stem, a
bell crank connected to said lever, and con-
nections between said bell crank and said
reciprocating steam valve.

11. The combination with a fire-box, cyl-
inders having steam chests, reciprocating
steam valves located one in each steam
chest controlling the admission of steam to
the cylinders and having projecting valve
rods, of opposed conducting pipes leading
from a source of compressed air and enter-
ing the fire-box, a valve casing in each of
sald pipes, a reciprocating valve in each
casing having a projecting stem and alter-
nately cutting off and permitting the pas-
sage of air through said pipe, a lever to
which said stem 1s pivotally connected, a
bell crank having one arm connected to the
lever, and a pitman connecting the other
arm of the bell crank to the adjacent valve
rod.

12. The combination with a fire-box, cyl-
inders having steam chests, and reciprocat-
ing valves one in each chest controlling the
admision of steam to the cylinders, each hav-
ing a projecting stem, of an air reservoir, a
conducting pipe leading from the same, cor-
responding valve casings into which said
conducting pipe leads, opposed pipes leading
one from each of said casings, and entering
opposed portions of the fire-box, a slide valve
in each of said casings for intermittently
cutting off and permitting the passage of air
from the reservoir to the fire-box, a valve
stem projecting through each of the valve
casings, and an adjustable connection be-
tween the valve stem and the adjacent steam
alve rod whereby the extent and time aof
movement of the steam valve and air valve
may be relatively adjusted.

13. The combination with a fire-box, a
cylinder, and a steam valve controlling the
admission of steam thereto, of an aw con-
ducting pipe leading from a source of com-
pressed air, a valve casing into which the
conducting pipe opens, a septum dividing
said casing into two portions and having
ports, a conducting pipe leading from be-
neath said septum to the furnace, a valve
operating on said septum to cover and un-
cover the said ports, and mechanism for re-

1
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ciprocating the air valve in time with and
in proportion to the movement of the steam

valve, said septum in the valve casing hav-

ing a permanently open port disposed out
of the range of the sliding air valve in any
position thereof.

14. In a traveling vehicle, the combina-
tion of a propelling engine including a cyl-
inder and a valve mechanism controlling the
admission and exhaust of steam to and
from the cylinder, a boiler, a furnace there-
for, a throttle controlling the supply of
steam from the boiler to the engine, a smoke-
consuming appliance including means for
supplying fluid to the furnace, an automat-
ically operated valve mechanism operating
continuously with the first-mentioned valve
mechanism during the travel of the vehicle
for supplying fluid for producing a pulsat-
ing draft in the furnace, and means for con-
trolling the supply of fluid through the said
appliance independently of the second mech-
anism by the movement of the throttle.

15. In a traveling vehicle, the combina-
tion of a propelling engine including a valve
mechanism operating continuously with the
movement of the vehicle, a boiler, a furnace
therefor, a throttle controlling the supply
of steam from the boiler to the engine, a
smoke-consuming device including means for
supplying air to the furnace, a valve de-
vice operatively connected to and moving
with the valve mechanism to control the sup-
ply of air to the furnace for producing a
variable draft therein, and means connected
with the throttle for reducing the supply of
air through the said device to the furnace
when the throttle is closed during coasting
of the vehicle.

16. In an apparatus of the class described,
a fire-box, an engine valve-operating mech-
anism, a throttle operating mechanism, an
air conducting pipe leading into the fire-box,
a valve for intermittently cutting off the
passage of air through the air pipe, means
for operatively connecting the valve with
the first-mentioned mechanism, in combina-
tion with a controlling valve in said pipe
independent of said first-named valve hav-
ing a connection with the throttle operating
mechanism to move therewith to regulate
the supply of air in accordance with the
movement. of the throttle. _

17. In an apparatus of the class described,
a fire-box, a cylinder, a valve controlling the
admission of steam thereto, a throttle-oper-
ating mechanism, an air conducting pipe
leading into the fire-box, a valve connected
to and operated by the throttle operating
mechanism for intermittently cutting off
the passage of air through the air pipe,
in combination with an independent con-
trolling valve in said pipe having two ports,
one larger than the other, and means for
connecting said controlling valve to the
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throttle-operating mechanism so that when
the throttle is closed, the larger port shall
be closed and the smaller opened to permit
the passage of air.

18. The combination with a fire-box, op-
posed steam cylinders having valves con-
trolling the admission of steam thereto, and
a throttle operating mechanism, of an air
reservoir, pipes leading from the air reser-
volr, independent air valve casings into
which said pipes are conducted, a recipro-
cating air valve in each casing acting to in-
termittently cut off the passage of air
through the casing, mechanism connecting
each of said valves to said steam valves ar-
ranged to operate said air valves in accord-
ance with the operation of said steam valves,

961,072

a_controlling valve casing into which the
pipes from the air valve casing lead, pipes
leading from the controlling valve casing to
opposite portions of the interior of the fire-
box, a valve in the controlling valve casing,
and mechanism connecting the controlling
valve with the throttle mechanism whereby
said valve shall move in accordance with the
movement of the throttle mechanism.

In testimony, that I claim the foregoing
as my own, I have hereto affixed my signa-
ture in the presence of two witnesses.

CHARLES T. HARRIS.
Witnesses : )

A. H. Stavmounw,
J. B. Borer.
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